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Maria Ângela Tardelli (2016-2018)
Maria Jos�e Carvalho Carmona (2019-2021) TaggedEnd

Editorial Office
TaggedPManaging Editor: Mel Ribeiro
Marketing Analyst: Thadeu de Moraes Carvalho
Librarian (BJAN): Marcelly Ramos
Librarian (SBA): Pedro Saldanha TaggedEnd
gia (SBA). The BJAN only accepts original articles for publication that can be submitted in English
he Instructions to Authors. It can be found at: <https://bjan-sba.org/instructions>. Manuscripts
r.com/bjan>.

d pain medicine, including basic, translational and clinical research, as well as education and
essays or contextualized images, special articles, correspondence, and letters to the editor. Special
seek subject approval by the Editorial Office before submission.

not been published before, except as academic theses or abstracts presented at conferences or
ns, and submissions must not contain any instances of plagiarism. Authors must obtain and send the
uscript to avoid plagiarism.

al peer reviewers, assigned at the discretion of the Editor-in-chief or the Associate Editors.
reproduction can be made with previous authorization. The BJAN assumes no responsibility for the

ghts reserved.





TaggedH1ISSN 0104-0014 � Volume 73 � Number 5 � September−October 2023 TaggedEnd

TaggedH1The Brazilian Journal of Anesthesiology is indexed by Literatura Latino-Americana e do Caribe em Ciências da Sa�ude (LILACS) since 1989,
Excerpta M�edica Database (EMBASE) since 1994, Scientific Electronic Library Online (SciELO – Brasil) since 2002, MEDLINE since 2008,

Scopus since 2010 andWeb of Science (SCIE - Science Citation Index Expanded) since 2011.

Editorial
525 Videolaryngoscopy in anesthesia and perioperative medicine: innovations, challenges, and best

practices
Vinícius Caldeira Quint~ao, Vanessa Henriques Carvalho, Luiz Guilherme Villares da Costa,
Paulo Alipio Germano-Filho, Jos�e Carlos R. Nascimento, Rodrigo Moreira e Lima, Rogean Rodrigues Nunes,
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EDITORIAL
Videolaryngoscopy in anesthesia and perioperative
medicine: innovations, challenges, and best practices
Direct laryngoscopy has been described as a diagnostic
method since the mid-18th century.1 Still, it was only around
1914, due to the World War I, that direct laryngoscopy was
incorporated into anesthetic practice.2 In the 1930s,
although several laryngoscopes were already described in
the literature, only about 7% of surgical patients were sub-
mitted to direct laryngoscopy for orotracheal intubation.2

The conventional laryngoscope blades most used nowadays
were developed in 1941 (Miller)3 and 1943 (Macintosh).2

After 80 years of the description of these blades for direct
laryngoscopy, they are still widely used, differently from
other technologies adopted in the anesthesia practice.

Anesthesiology is a medical specialty that depends on
new technologies. Most of the time, anesthesiologists are
considered early adopters of these new technologies, espe-
cially new devices. Although the first video laryngoscope
was commercially available almost two decades ago, it
remains a subject of considerable debate among anesthesi-
ologists, especially when compared to direct laryngoscopy.4

Despite debates on the superiority of the video laryngo-
scope in relation to direct laryngoscopy, enough evidence
can prove it, even though there is a low standardization of
clinical outcomes.5 The video laryngoscope is also better to
train residents and fellows since it is possible to share the
image of the laryngoscopy with more than one operator.
However, opinions on whether video laryngoscopes should
become the primary device for all tracheal intubations,
regardless of anticipated difficulty, remain divided.

The most extensive systematic review published until
now, including a total of 222 RCTs (with 26,149 participants),
showed that video laryngoscopes of any design likely reduce
rates of failed intubation in adults with moderate-certainty
evidence.6,7 The findings indicated higher rates of successful
intubation on the initial attempt and improved glottic views
across several patient groups and settings. Among the vari-
ous types of video laryngoscopes, those featuring hyperan-
gulated designs are notably advantageous in lowering
the incidence of esophageal intubation. This attribute
https://doi.org/10.1016/j.bjane.2023.08.003
0104-0014/© 2023 Published by Elsevier España, S.L.U. on behalf of Socie
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
contributes to enhanced rates of successful intubation, par-
ticularly in cases involving individuals with challenging
airways.6

Further systematic reviews and meta-analyses of ran-
domized clinical trials in adults investigated the use of video
laryngoscopes compared to direct laryngoscopy. The authors
identified advantages in the use of videolaryngoscopy, such
as reduced intubation difficulty8 and improved glottic visual-
ization.9 Still, they found equivalence regarding the time for
tracheal intubation.10 Likewise, a substantial systematic
review encompassing 7044 adult participants demonstrated
a lower incidence of intubation failures when employing a
video laryngoscope in comparison to direct laryngoscopy.
Furthermore, the utilization of a video laryngoscope
resulted in fewer instances of unsuccessful intubations
among participants with a challenging airway.11 A greater
proportion of laryngoscopies performed using a video laryn-
goscope achieved a clear view of most of the glottis. Addi-
tionally, fewer laryngoscopies with a video laryngoscope
yielded no view of the glottis, highlighting the user-friendli-
ness of this device. The authors of the study concluded that
video laryngoscopies could potentially mitigate the fre-
quency of failed intubations, particularly among patients
with challenging airways. This technique enhances the visual
assessment of the glottis and may also contribute to a reduc-
tion in laryngeal or airway trauma. Furthermore, the group
employing video laryngoscopes exhibited higher rates of suc-
cessful first-attempt intubation compared to direct laryngo-
scope, particularly among trauma and obstetric patients
with anticipated difficult airways.12,13

Finally, a recent randomized controlled trial that allo-
cated 2495 patients comparing the use of McGrath� video
laryngoscope (Medtronic, Dublin, Ireland) with the direct
laryngoscope, showed a significantly higher first-attempt
intubation success rate (987/1053, 93.7% vs. 848/1039,
81.6%; p < 0.001).14 Subgroup analyses showed that the
first-attempt tracheal intubation success was significantly
higher with the video laryngoscope 610/659 (92.6%) than
dade Brasileira de Anestesiologia. This is an open access article under
4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2023.08.003&domain=pdf
https://doi.org/10.1016/j.bjane.2023.08.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bjane.2023.08.003


V.C. Quint~ao, V.H. Carvalho, L.G. Costa et al.
with direct laryngoscope 530/687 (77.1%; p < 0.001) among
trainees, leading to a relative risk for unsuccessful first-pass
intubation of 3.07 (95%CI 2.27−4.16) with direct laryngo-
scope compared with video laryngoscope. First-attempt tra-
cheal intubation success among consultants was also
significantly higher with the video laryngoscope 377/394
(95.7%) than with direct laryngoscope 318/352 (90.3%; p <
0.001), with a relative risk for unsuccessful first-attempt
intubation of 2.37 (95%CI 1.30−4.32).

The use of video laryngoscope as a first attempt intuba-
tion in pediatric patients has also been evaluated. The VISI
trial was a multicenter study that compared direct laryngos-
copy and video laryngoscopy in infants.15 The authors dem-
onstrated that video laryngoscopy with a standard blade
improves the first attempt success rate and reduces compli-
cations compared to direct laryngoscopy, especially in
infants under 6.5 kg of weight. Another important trial from
Riva et al also evaluated the first-attempt success rate of
infants intubation with video laryngoscopes compared to
direct laryngoscope under apneic oxygenation.16 They also
demonstrated that video laryngoscopy with standard blades
combined with supplemental oxygen in neonates and infants
might increase the success rate of first-attempt tracheal
intubation compared to direct laryngoscopy with supple-
mental oxygen.

In a recent editorial from Hansel and El-Boghdadly, a trial
sequential analysis was performed, estimating a sample size
of 1502 participants to answer the questions about first-
attempt success and failed intubation.5 This trial sequential
analysis indicates that the necessary sample size to address
these inquiries had already been attained by 2015. Conse-
quently, future investigations and meta-analyses comparing
the risk and benefit profiles of video laryngoscopy and direct
laryngoscopy in adult populations are unlikely to yield
altered outcomes.

Although the use of video laryngoscopes has proven to be a
safe approach for the management of difficult airways in
experienced hands, information is sparse for novices.5 This is
true not only in theatre, where anesthesiologist residents con-
duct airway management, but also in emergency and intensive
care departments, where undergraduate students and resi-
dents play a particular role in managing emergency airways.

Many manikin simulation studies have compared video
laryngoscopes and direct laryngoscopes both for difficult
and non-difficult airway scenarios. Furthermore, when com-
paring direct laryngoscopy with video laryngoscopy in mani-
kin airway simulations by inexperienced hands (i.e.
providers who are not confronted daily with airway manage-
ment), video laryngoscopes with hyperangulated blade
seemed to be better than direct laryngoscopes with Macin-
tosh blades, especially for difficult airway.17 Malito et al, in
a randomized trial comparing video laryngoscopy and direct
laryngoscopy in manikin scenarios, demonstrated improved
visualization of anatomical structures and higher success
rate on the first attempt intubation for undergraduate medi-
cal students.18 Kee et al, in a randomized clinical trial,
showed that training medicine residents with video laryngo-
scopes instead of direct laryngoscopes had similar transfer
of skills for difficult intubation using manikin scenarios; how-
ever, it lacks confirmation in a real clinical setting.19

Currently, outcomes from randomized clinical trials com-
paring direct laryngoscopy versus video laryngoscopy are
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based on time to view, time to intubation, Cormack and
Lehane classification, and the percentage of glottic opening
(POGO) score. Time to intubation is of utmost importance
because it diminishes hypoxic time and adverse events.5 It is
also important to note that, in untrained hands, prolonged
intubation could increase airway trauma. Furthermore, all
healthcare providers on the front-line management of emer-
gency airways must be trained with both devices − not only
the novice but also all the senior professionals who, for cul-
tural reasons, adopt only direct laryngoscopy.

New video laryngoscopes have reached the market in
recent years, providing growing scientific evidence regard-
ing critical clinical outcomes. Several studies with these
devices have demonstrated higher intubation success rates
on the first attempt in patients with difficult airway predic-
tors, as well as better glottic visualization (Cormack and
Lehane classification) by the operator.5,14,20,21 Video lar-
yngoscopes also provide better ergonomics for the operators
when compared to conventional laryngoscopes.22

Regarding thoracic surgery, recent studies show a longer
time to achieve tracheal intubation when using video lar-
yngoscopes compared to direct laryngoscopes to perform
tracheal intubation with double-lumen cannulas. On the
other hand, there was an increased rate of success when
video laryngoscopes were used.23,24 Besides, numerous
advantages have been substantiated, including elevated
success rates in achieving intubation on the initial attempt
among patients with difficult airway predictors, as well as
improved visualization of the glottis by operators employing
video laryngoscopes.14 Furthermore, there is evidence show-
casing a reduction in direct trauma to the airway through
the use of the novel devices. However, it is worth noting
that despite these benefits, there has been no observed
reduction in postoperative subjective discomfort when com-
pared to the conventional technique.23

Colak et al showed less adrenergic stimulation during air-
way manipulation (mean and diastolic blood pressure) with
the use of a video laryngoscope when compared to direct
laryngoscopes.25 In the same study, there was no difference
in the morphology and duration of the QTc interval between
the two methods. In this context, researchers also evi-
denced a decreased rate of nociception when employing
video laryngoscopes.26

In patients with cervical immobilization, a recent clinical
trial demonstrated that a channeled video laryngoscope
obtained faster tracheal intubation with a higher success
rate in relation with the flexible fiberscope. Rates of direct
trauma during airway handling were not statistically signifi-
cant between methods.27 A recent work has shown the non-
inferiority of the video laryngoscope compared to the bron-
choscope to perform awake intubation.28 Still on this sub-
ject, another randomized controlled trial highlighted that
when using a video laryngoscope, there was a notable
increase in the mobilization of C1/C2, but not of C3, in com-
parison to a flexible fiberscope.29 In the context of thyroid
surgeries, findings from a randomized clinical trial indicate
that video laryngoscopes offer improved patterns of neuro-
logical monitoring for the recurrent laryngeal nerve. This
enhancement can likely be attributed to the precise posi-
tioning of the monitoring equipment.30

In conclusion, it is imperative to recognize that further
research is necessary to comprehensively compare video
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laryngoscopy and direct laryngoscopy considering factors
such as the number of intubation attempts, the occurrence
of hypoxia or respiratory complications, and the duration of
intubation. Despite certain unanswered questions, the exist-
ing evidence substantiates the safety and efficacy of video
laryngoscopes in comparison to direct laryngoscopes. Subse-
quent investigations should be focused on establishing stan-
dardized clinical outcomes to address additional inquiries in
this domain. Quoting the editorial by Hansel and El-Bogh-
dadly, “we can no longer claim there is any uncertainty as to
which is better, and we should strive to offer our patients
the best there is”.5
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EDITORIAL
Hydroxyethyl starch for perioperative fluid
management: a critical appraisal
Fluid therapy is an essential component of perioperative
care, and fluids are powerful tools to maintain or restore the
effective circulating blood volume of patients undergoing
major surgery. In fact, perioperative fluid management
affects clinical outcomes, and appropriate fluid balance may
reduce postoperative morbidity.1 However, the type, dose,
and timing of fluid administration have been debated for
many years, and evidence in the field is constantly emerg-
ing. Perhaps the foremost dispute on this topic is related to
the type of fluid, with the choice between colloids versus
crystalloids remaining the most controversial.

Hydroxyethyl starch (HES) solutions are artificial colloids
used for volume replacement and are currently indicated for
the treatment of hypovolemia due to acute blood loss when
crystalloids alone are deemed insufficient.2 HES solutions
are classified by three numbers corresponding to concentra-
tion, molecular weight, and molar substitution.2 These prod-
ucts have undergone numerous studies on their benefit-risk
balance over many years. The first revision of the labeling
was solicited by the Blood Products Advisory Committee,
recommended by the Food and Drug Administration (FDA),
and introduced in 2003 − as a warning statement − to under-
line how the use of 6% HES in patients with impaired coagu-
lation and scheduled to undergo cardiopulmonary bypass
could induce an increased risk of bleeding.3

Following a safety review in 2013, restrictions on the use
of HES were introduced in the European Union (EU) due to
an increased risk of kidney injury and death in certain popu-
lations. The product information was updated to include
new contraindications and warnings. In 2017, a second
safety review triggered by the European pharmacovigilance
authorities was performed. These studies raised concerns
regarding non-adherence to key restrictions in clinical prac-
tice, with significant use of HES in contraindicated popula-
tions. After several meetings and repeated evaluations,
there was a vote for more rigorous monitoring of policy
adherence. This included restricting the supply of HES solu-
tions for infusion only to hospitals where healthcare profes-
sionals expected to prescribe or administer them have
https://doi.org/10.1016/j.bjane.2023.07.004
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undergone mandatory training on the appropriate conditions
of use and with the addition of more prominent warnings on
the packaging of these solutions.

In February 2022, the European Medicines Agency’s (EMA)
Pharmacovigilance Risk Assessment Committee (PRAC) con-
cluded that non-adherence to the product information per-
sists despite the extensive additional risk minimization
measures implemented in 2018. PRAC determined that HES
solutions for infusion are still being used in contraindicated
populations where there is an increased risk of serious harm,
including mortality. They concluded that the risks outweigh
the benefits of HES-containing products. As a result, the
marketing of these products should be suspended, and ther-
apeutic alternatives should be selected according to rele-
vant clinical guidelines. On May 24, 2022, the European
Commission ultimately issued a legal decision confirming the
suspension of the marketing authorizations of HES solutions
for infusion.4 It is worth noting that in 2021, the FDA also
imposed further restrictions on HES-containing solutions,
requiring additional warnings about the risk of death, bleed-
ing, and acute kidney injury (AKI).5 The Brazilian Health Reg-
ulatory Agency (Anvisa) issued a warning in 2018 as well,
urging health professionals to be aware of the risks associ-
ated with the use of HES infusion solutions, particularly in
patients with sepsis, renal failure, or critically ill patients.6

Since HES products impair platelet reactivity and
decrease circulating plasma concentrations of coagulation
factor VIII and von Willebrand factor, HES administration
results in the weakening of clot formation and may lead to
increased transfusions of blood products.7 Although HES
products with low molar substitution may have a lesser
effect on hemostasis, a somewhat recent systematic review
in critically ill patients demonstrated a higher incidence of
transfusion in those receiving starch solutions compared to
those receiving crystalloids.8

Three major intensive care unit (ICU) clinical trials have
suggested that using HES negatively impacts mortality and
kidney function in critically ill patients, particularly those
with severe sepsis or septic shock.9-11 A 2018 systematic
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review observed a higher incidence of renal replacement
therapy in those receiving HES solutions compared to those
receiving crystalloids.12 Furthermore, a 2010 systematic
review in mixed surgical and nonsurgical patient populations
found an overall increased risk of kidney failure in patients
receiving HES solutions compared to those receiving various
other types of fluid therapy.13 In cardiac surgery patients, a
meta-analysis of randomized trials has shown that the
administration of HES solutions increases the risk of postop-
erative bleeding, reoperation for bleeding, and blood prod-
uct transfusion after cardiopulmonary bypass compared to
albumin. Notably, the authors did not observe any evidence
that these risks could be mitigated by lower molecular
weight and substitution.14

Although there is a physiologic rationale for using colloids
for volume therapy (as they remain longer in the intravascu-
lar compartment), and plenty of experimental studies have
shown that resuscitation with colloid solutions is faster com-
pared to crystalloid solutions,1 most clinical trials and sys-
tematic reviews have not demonstrated any benefit in
relevant outcomes.15,16 It is a fact that the debate on the
better fluid type continues, and there are still unresolved
questions regarding colloids in perioperative management.
However, the lack of significant and consistent benefits in
clinical outcomes and the potential for harm make it diffi-
cult to justify the use of HES in clinical practice. In this con-
text, the findings of two ongoing surgical trials on 6% HES
130/0.4 (PHOENICS and TETHYS studies)17,18 are urgently
needed to add evidence to this controversial discussion.

In light of the available evidence, it is our responsibility as
physicians to treat patients with interventions that provide
more benefits than risks. Although there is still room for more
scientific evidence, it seems clear that additional restrictions
on the use of HES-containing solutions are needed. Consider-
ing that many professionals are not fully aware of the risks
associated with HES and continue to use those solutions
despite international health agencies’ warnings, it is time for
a worldwide suspension of the marketing authorizations of
HES-containing solutions until further evidence of their safety
and efficacy emerges from new clinical studies.
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Ciências Pneumol�ogicas, Porto Alegre, RS, Brazil
531
f Universidade de S~ao Paulo (FMUSP), Faculdade de
Medicina, Programa de P�os-Graduaç~ao em Anestesiologia,
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Abstract
Introduction:  Adequate  and  continuous  airway  management  by  health  professionals  is  funda-
mental to  ensure  patient  safety  and  protection.  Among  several  techniques,  laryngoscopy  for
orotracheal  intubation  is  considered  a  basic  skill,  so  it  is  taught  and  learned  in  medical  school
and used  during  the  future  years  of  professional  practice.  However,  in  some  clinical  scenarios,
physical  and  anatomical  characteristics  can  make  laryngoscopy  exceedingly  difficult.  In  the  last
decade, some  new  devices  have  emerged  to  apply  indirect  or  video-assisted  imaging  systems,
so-called  videolaryngoscopes.  They  have  shown  great  efficiency  in  difficult  intubation  cases  and
have improved  teaching  and  training.  Our  study  introduced  a  videolaryngoscope,  the  McGrathTM

MAC,  in  the  regular  laryngoscopy  training  rotation  for  3rd-year  undergraduate  medical  students
and evaluated  whether  there  was  any  associated  optimization  of  the  students’  performance.
Method: Students  from  two  different  classes  and  years  (2017  and  2018)  were  randomly  divided
into two  groups  and  received  theoretical  and  practical  training  in  the  techniques  of  Direct  Laryn-

goscopy  (DL)  and  Videolaryngoscopy  (VL).  The  students  in  each  group  applied  the  manoeuvres
and simulated  three  tracheal  intubation  attempts  on  mannequins.  They  were  evaluated  for
their success  rate  on  the  first  attempt,  the  time  required  to  finalize  the  intubation,  and  the
visualization  of  the  glottic  structures  according  to  the  classification  of  Cormack-Lehane  (C&L).
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Results:  Two  hundred  and  four  students  with  an  average  age  of  21  ±  2  years  participated  in
the study;  the  groups  were  similar.  There  was  a  significant  difference  between  the  VL  and  DL
groups in  the  1st attempt  success  rate  (97%  and  89.4%,  respectively,  p  =  0.0497  ---  95%  CI),  but
such a  difference  was  not  seen  for  the  other  attempts  or  regarding  the  number  of  oesophageal
intubations  (3%  and  7.7%).  The  students  in  the  VL  group  were  faster  than  those  in  the  DL  group
in all  intubation  attempts;  in  parallel,  the  vast  majority  of  the  VL  group  reported  excellent
visualization  conditions,  with  75%  of  the  attempts  classified  as  Cormack-Lehane  grade  1.
Conclusion:  The  introduction  of  a  videolaryngoscope  in  medical  students’  training  improved
the visualization  of  anatomical  structures  and  allowed  tracheal  intubation  maneuvers  to  be
performed  faster  and  with  a  higher  success  rate  on  the  first  attempt.  Thus,  under  the  conditions
of this  prospective  study,  the  videolaryngoscope  had  a  positive  impact  on  training  and  proved
to be  a  promising  tool  for  teaching  laryngoscopy.
© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This
is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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dequate  management  and  continuous  control  of  the  airway
y  health  professionals  are  essential  for  ensuring  the  safety
nd  protection  of  patients.  The  main  control  techniques
nd  maneuvers  are  taught  early  in  the  medical  undergrad-
ate  phase  and  are  used  regularly  during  the  subsequent
ears  of  professional  practice.  They  are  considered  basic
kills  for  medical  practice.  However,  even  with  knowledge
nd  training,  unexpected  difficulties  often  arise,  and  air-
ay  management  can  present  itself  as  a  major  challenge

o  medical  teams,  especially  in  emergency  cases.  Unfor-
unately,  these  difficulties  can  cause  airway  trauma  and
njuries  that  are  highlighted  by  studies  that  have  analyzed
ourt  lawsuits  related  to  medical  complications  (closed
laims  analysis).1---3 The  damage  can  vary  over  a  wide  spec-
rum  of  severities,  from  mild  mucous  membrane  or  tissue
esions  and  dental  fractures  to  very  severe  lesions  in  the
ardiac  and  cerebral  tissues  caused  by  hypoxia.1---3 An  impor-
ant  British  study,  the  NAP4  (National  Audit  Project  4),4

ound  the  same  scenario  of  problems  and  strongly  sug-
ested  improvement  of  teaching  techniques  and  constant
raining  in  airway  management  as  a  way  to  prevent  these
omplications.

To  date,  direct  laryngoscopy  is  the  main  procedure  for
valuating  the  structures  of  the  oral  cavity  and  glottic
egion  for  either  diagnostic  and  therapeutic  purposes  or
o  enable  the  introduction  of  an  endotracheal  tube.  How-
ver,  when  there  is  limited  visualization  of  these  structures
ue  to  anatomical  changes  or  limitations  in  positioning
limited  cervical  and  head  mobilization),  laryngoscopy  can
e  extremely  difficult,  and  tracheal  intubation  eventually
ecomes  impossible.5,6 In  recent  decades,  new  devices  have
merged,  and  optical  or  video-assisted  technology  has  been
dded  to  improve  the  angle  and  visual  field  of  laryngo-
copists.  The  visualization  of  the  glottis  became  indirect  and

elped  with  the  management  of  the  airway.  These  devices
re  called  videolaryngoscopes  and  are  being  rapidly  incorpo-
ated  into  medical  practice,  helping  with  the  teaching  and
raining  processes.7---12
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i
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Traditional  laryngoscopy  teaching  models  use  formal  lec-
ures  to  describe  the  technique  and  anatomical  images  to
ecognize  reference  structures  of  the  larynx  and  then  pro-
eed  to  practical  training  on  mannequins  and  simulators  to
mprove  skills.  In  a  traditional  medical  school,  students  have
heir  first  introduction  to  the  techniques  of  airway  manage-
ent  and  training  for  laryngoscopy  during  their  rotation  in

he  discipline  of  anesthesiology  and  pain  treatment  in  the
rd year  of  the  undergraduate  medicine  course.  This  course
as  theoretical  classes,  skills  training  workshops  using  man-
equins,  and  guided  tours  of  the  operating  room.13

Direct  laryngoscopy  is  a  maneuver  that  requires  knowl-
dge  of  the  technique,  complex  psychomotor  skills,  and
he  recognition  of  anatomical  structures.  It  represents  a
hallenge  for  instructors,  who  cannot  directly  evaluate  the
erformance  and  success  of  the  maneuver.  After  all,  visu-
lization  of  the  larynx  is  only  possible  individually.  The
ideolaryngoscopes  allow  a  shared  experience  between  stu-
ent  and  instructor  since  both  simultaneously  visualize  the
mages  through  the  video  screen;  they  even  enable  imme-
iate  orientations  and  corrections  by  the  instructor  and
reater  understanding  of  the  maneuver  by  the  student.14

he  effectiveness  of  video  training  has  been  highlighted
n  the  literature.  Groups  of  inexperienced  laryngoscopists
medical  students,  paramedics,  and  physicians  with  a  his-
ory  of  no  or  a small  number  of  laryngoscopies)  achieved
igh  success  rates  in  tracheal  intubation  when  trained  with
he  use  of  videolaryngoscopes.15

Thus,  we  hypothesized  that  the  introduction  of  the  vide-
laryngoscope  into  the  laryngoscopy  teaching  and  training
rogram  of  students  in  the  3rd year  of  medical  graduation
ptimizes  and  facilitates  learning.  We  simulated  intubation
sing  a training  mannequin.  The  primary  objective  of  this
tudy  was  to  evaluate  the  success  rate  of  the  first  attempt
f  tracheal  intubation  and  the  time  to  achieve  a  successful
ntubation  with  the  use  of  the  McGrathTM MAC  videolaryngo-
cope  compared  with  intubations  using  a direct  laryngoscope
ith  a  Macintosh  blade.  The  secondary  objective  was  to

bserve  the  Cormack-Lehane  classification  visualized  before
ntubation  with  both  techniques.
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M.L.  Malito,  L.A.  Mathi

ethods

fter  approval  by  the  Ethics  Committee  on  Research
n  Human  Beings  and  registration  on  Plataforma  Brasil
http://plataformabrasil.saude.gov.br/login.jsf)  under  the
umber  73259717.2.0000.5479  and  approval  number:
.251.017,  a  randomized  prospective  study  using  a simula-
ion  was  conducted  at  a  traditional  medical  school  with  the
articipation  of  undergraduate  medical  students  attending
he  third  year  of  the  medicine  course  and  performing  a  rota-
ion  in  the  discipline  of  Anesthesiology  and  Pain  Treatment  in
he  years  of  2017  and  2018.  Students  filled  out  an  informed
onsent  form  by  agreeing  to  participate  in  the  study.  The
ample  size  was  considered  to  be  the  total  number  of  stu-
ents  in  the  classes  of  2017  and  2018  (208  students),  and  all
f  them  agreed  to  participate  and  were  included.  The  exclu-
ion  criteria  were  students  who  had  any  previous  practical
raining  in  laryngoscopy,  those  who  did  not  fully  complete
he  training,  and  any  students  who  refused  to  participate  in
he  study.

The  students  received  theoretical  classes  and  practical
raining  in  the  techniques  of  laryngoscopy  (direct  or  video)
nd  were  subsequently  evaluated  when  performing  laryngo-
copies  and  intubations  using  simulation  mannequins.  The
raining  was  initiated  with  a  60-minute  theoretical  presenta-
ion  of  the  concepts  and  techniques  for  airway  management
ith  an  emphasis  on  Direct  Laryngoscopy  (DL)  and  Video-

aryngoscopy  (VL)  techniques.
They  were  randomly  divided  into  two  groups:  The  Direct

aryngoscopy  Group  (DLG)  and  the  Videolaryngoscopy  Group
VLG).  The  participant  distribution  was  obtained  through  a
‘List  randomizer’’  program  on  www.random.org. The  par-
icipants  were  allocated  sequentially  and  were  randomly
ssigned  regarding  their  group  and  order  of  entry  into  the
tudy.

The  main  researcher  was  helped  by  two  collaborators
ho  performed  data  collection,  completion  of  the  standard

orm,  and  the  provision  of  information  about  the  procedure.
hey  were  all  anesthesiologists  with  training  and  experience

n  difficult  airway  management.
In  the  DLG  training,  the  students  first  met  and  were

rained  in  using  the  direct  laryngoscope  and  Macintosh  blade
umber  3.0  (produced  by  Goldstar  Medical  Instruments-
akistan)  and  tracheal  tube  number  7.0  with  a  cuff  balloon
Mallinckrodt  brand,  produced  by  Covidien-USA).  No  stylet
as  used  inside  the  tracheal  tube  during  the  simulated  intu-
ations.

The  instructor  demonstrated  the  equipment  operation
nd  performed  oral  tracheal  intubation  by  direct  laryn-
oscopy  in  the  training  mannequin.  The  model  used  was
he  Air-Sim  MultiTM (manufactured  by  Tru-Corp  Company,
orth  Ireland).  This  model  consists  of  a  head  with  an  artic-
lated  jaw  that  allows  mouth  opening  and  the  introduction
f  a  laryngoscope  blade.  The  interior  of  the  oral  cavity
eproduces  the  anatomy  of  the  human  pharynx,  larynx,  and
rachea.  There  is  a  connection  with  two  inflatable  balloons
hat  simulate  pulmonary  insufflation  when  receiving  a  vol-
me  of  gas.  The  cervical  region  of  the  mannequin  was  also

rticulated  and  allowed  for  positioning  in  flexion  or  exten-
ion  of  the  neck.  During  the  training,  the  mannequin’s  neck

t
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as  fixed  in  a  neutral  position,  representing  an  easy  intuba-
ion  scenario.

Each  student  trained  with  the  DL  for  5  minutes  and  had
o  accomplish  at  least  three  successful  tracheal  intubations.
he  students  performed  tracheal  intubation  and  insufflated
he  tracheal  tube  cuff  with  5  mL  of  air.  The  success  of  the
ttempt  was  proven  when  the  student  connected  a  manual
entilation  device  (Ambu  Silicone  Oval  Resuscitator  manu-
actured  by  AMBU  LTD,  China)  to  the  positioned  tracheal
ube,  and  then  pulmonary  ventilation  was  observed  in  the
annequin  balloons.
The  VLG  training  initiated  with  the  demonstration  of  the

peration  of  the  MacGrathTM MAC  videolaryngoscope  (man-
factured  by  Medtronic,  South  Ireland)  preloaded  with  Mac
lade  number  3  (a  blade  similar  to  the  Macintosh  blade).
dditionally,  there  was  a  tracheal  tube  number  7.0  with  a
uff  balloon.  This  videolaryngoscope  is  formed  by  a  han-
le  with  a  2.5-inch  crystal  liquid  screen  attached,  and  the
ower  source  is  a  detachable  non-rechargeable  250-minute
ife  battery.  In  the  lower  portion,  there  is  an  angled  metal
od  where  internally  the  lighting  and  image  capture  systems
re  located.  The  blades  have  a  similar  design  to  traditional
acintosh  blades,  but  they  are  made  of  disposable  plas-

ic  transparent  material  and  have  an  internal  channel  that
llows  for  introduction  and  fixation  on  the  metal  rod.

The  instructor  demonstrated  the  operation  of  the  equip-
ent  and  performed  the  videolaryngoscopy  technique  using

he  Tru-Corp  Air-Sim  MultiTM Mannequin.  Each  student
rained  the  VL  for  5  minutes  and  had  to  accomplish  at
east  three  successful  tracheal  intubations.  The  students
erformed  tracheal  intubation  and  insufflated  the  tracheal
ube  cuff  with  5.0  mL  of  air.  Similar  to  the  DLG  group,  no
tylet  was  used  inside  the  tracheal  tube.  The  success  of
he  attempt  was  proven  by  observation  of  the  pulmonary
entilation  inflating  the  mannequin’s  balloons.

After  the  training  period,  the  next  phase  of  evaluation
nd  data  collection  was  initiated.  Each  student  performed
hree  attempts  of  tracheal  intubation  of  the  Mannequin  Air-
im  MultiTM using  the  device  they  had  previously  trained  on.
LG  used  a  direct  laryngoscope  with  Macintosh  blade  num-
er  3,  and  VLG  used  the  MacGrathTM MAC  videolaryngoscope
ith  a  Mac  03  blade.  Students  were  also  asked  to  describe

he  degree  of  visualization  of  the  structures  according  to  the
ormack-Lehane  (C&L)  classification.16 The  C&L  classifica-
ion  represents  a  score  that  objectively  describes  the  glottis
iew  during  laryngoscopy.  Near  each  mannequin,  there  was

 reminder  card  where  the  techniques  were  described  with
 tutorial,  step  by  step,  and  photos  illustrating  the  C&L
lassification.

The  following  were  recorded:  success  in  the  first  attempt
t  laryngoscopy;  the  time  required  to  obtain  successful  Tra-
heal  Intubation  (TI);  and  the  Cormack-Lehane  classification
isible  before  intubation  as  reported  by  the  student.

The  beginning  of  the  time  count  was  considered  when
he  student  picked  up  the  laryngoscope,  and  it  was  finished
hen  pulmonary  ventilation  was  observed.  The  maximum

olerated  time  for  each  attempt  was  120  seconds.  The
ttempt  was  considered  unsuccessful  when  the  tolerated

ime  was  exceeded.  The  attempt  was  declared  a  failure
hen  esophageal  intubation  was  observed.  In  both  situa-

ions,  the  students  were  asked  to  stop  and  to  try  again.

4
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The  variables  studied  were  the  age  and  gender  of  the
tudents;  the  time  required  to  obtain  successful  Tracheal
ntubation  (TI);  the  success  rate  on  the  first  attempt  of
aryngoscopy;  and  the  Cormack-Lehane  classification.

When  the  data  collection  phase  was  finished,  the  students
n  each  group  were  introduced  to  the  technique  of  the  other
roup,  providing  equal  training  opportunities  to  avoid  any
mpairment  or  differences  in  curricular  learning.

The  primary  outcome  was  the  success  rate  on  the  first
racheal  intubation  attempt  and  the  time  required  to  obtain
uccessful  tracheal  intubation.

tatistical  analysis

he  students’  ages  were  described  according  to  their  classes
nd  by  using  summary  measures  (mean  and  standard  devi-
tion)  that  were  compared  using  Student’s  unpaired  t-test.
he  normal  distribution  of  the  variables  age  and  sex  were
valuated  with  the  D’Agostino  &  Pearson  test.  We  described
he  first  attempt  success  rate,  rate  of  esophageal  intuba-

ion,  and  the  degree  of  visibility  during  the  first  attempt
sing  absolute  and  relative  frequencies  according  to  each
roup,  and  we  verified  the  association  between  them  using
he  Chi-Square  test  or  Fisher’s  exact  test.  The  Mann-Whitney

m
s
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i

Figure  1  Flowchart  of  the  part
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est  was  used  to  compare  the  degrees  of  visibility  between
he  groups.  The  mean  times  of  the  successful  first  attempts
y  group  were  compared  by  using  Student’s  t-test.  Variance
nalysis  (ANOVA)  was  performed  with  repeated  measure-
ents  to  determine  the  ratio  of  the  execution  times  of  the

hree  attempts  in  the  VL  and  DL  groups  separately,  with
 <  0001.  When  the  result  was  significant,  the  Tukey  mul-
iple  comparison  test  was  performed  to  identify  for  which
roups  or  attempts  there  were  differences.

IBM-SPSS  for  Windows  version  20.0  software  was  used  to
erform  the  analyses,  and  Microsoft  Excel  2019  software  was
sed  to  tabulate  the  data.  The  tests  were  performed  at  a
ignificance  level  of  5%.

esults

mong  the  208  students  in  the  anesthesiology  internship
roup  in  2017  and  2018  who  were  invited  to  participate  in
he  study,  all  agreed  to  participate,  but  four  were  excluded
or  having  already  participated  in  previous  airway  manage-

ent  courses  (workshops  with  laryngoscopy  skill  training),

o  the  final  sample  included  204  students.  The  D’Agostino  &
earson  test  was  performed  and  showed  that  the  students
n  both  classes  (2017  and  2018)  constituted  a  homogeneous

icipants  of  the  study  stages.
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Table  1  Anthropometric  data  (age)  and  gender  distribution  of  the  two  groups  studied.

VL  DL  Total
(n =  100)  (n  =  104)

Age  (mean  ±  SD)  (years)  25.1  ±  2.5  21.9  ±  1.4  21.7  ±  2
Sex
Male 56  (56.0%)  57  (54.8%)  113  (55.4%)
Female 44  (44.0%)  47  (45,2%)  91  (44.6%)

VL, Videolaryngoscopy group; DL, Direct Laryngoscopy group; SD, Standard Deviation.

Table  2  Description  of  the  successful  outcome  in  the  attempts  of  tracheal  intubation  with  VL  and  DL.

1st TI  attempt  2nd TI  attempt  3rd TI  attempt

VL  DL  VL  DL  VL  DL

Sucess  rate  97%  89.40%  99%  96.20%  98%  97.10%
pa 0.0497  0.3693  0.9999

VL, Videolaryngoscopy group; DL, Direct Laryngoscopy group.
a Fisher’s exact test.

Table  3  Description  of  successful  tracheal  intubation  times  in  the  1st,  2nd,  and  3rd attempts  in  groups  VL  and  DL.

1st TI  attempt  2nd TI  attempt  3rd TI  attempt

Group  VL  DL  VL  DL  VL  DL

Averagea 38.25  43.01  33.36  39.71  28.67  32.76
DPa 15.06  13.34  16.52  14.86  11.99  12.22
95% ICa 35.08---41.43  40.17---45.85  30.06---36.65  36.74---42.67  26.26---31.07  30.32---35.2
pb 0.0280  0.0049  0.0186

TI, Tracheal Intubation; VL, Videolaryngoscopy group; DL, Direct Laryngoscopy group; 95% CI, 95% Confidence Interval.

g
A
w

o
a

V
t
(
o
w

s
(
a

a
(
r
1
y
f
a
p
t

Table  4  Result  of  comparisons  between  tracheal  intuba-
tion attempts  at  groups  VL  and  DL.

Comparison  VL  p  DL  p

1st attempt  ---  2nd attempt  0.0877  0.2358
1st attempt  ---  3rd attempt  <  0.0001  <  0.0001
2nd attempt  ---  3rd attempt  0.0365  0.0007

Tukey’s test, multiple comparisons.

Table  5  Description  of  the  visualization  of  the  Larynx
according  to  the  Cormack-Lehane  classification  in  groups  VL
and DL.

Cormack-Lehane  Classification

1  2  3  4

VL  (n  =  100)  75  (75.0%)  23  (23.0%)  02  (2,0%)  0
DL (n  =  104)  33  (33.7%)  66  (67.3%)  05  (5.1%)  0

The  results  regarding  the  degree  of  visualization  of  the
a Time in seconds.
b Unpaired t-test.

roup  with  respect  to  age  and  distribution  regarding  gender.
fter  that,  randomization  was  performed  and  100  students
ere  allocated  to  group  VL  and  104  to  group  DL  (Fig.  1).

The  mean  age  and  standard  deviation  of  the  total  group
f  participants  (n  =  204)  was  21.7  ±  2  years,  with  113  men
nd  91  women  (Table  1).

There  was  a  significant  difference  between  the  DL  and
L  groups  in  the  success  rate  of  tracheal  intubation  only  on
he  first  attempt,  with  results  of  89.4%  and  97%,  respectively
Fisher’s  exact  test,  p  =  0.0497),  with  superior  performance
f  the  VL  group  (Table  2).  In  the  2nd and  3rd attempts,  there
ere  no  differences  between  the  groups.

Regarding  the  number  of  oesophageal  intubations,  no
ignificant  difference  was  observed  between  the  groups
Fisher’s  exact  test,  p  =  0.2147).  The  rates  for  groups  DL
nd  VL  were  7.7%  and  3%,  respectively.

Table  3  shows  the  mean  values,  respective  standard  devi-
tions,  95%  confidence  intervals,  and  respective  p-values
significance  of  the  unpaired  Student’s  t-test) of  the  time
equired  for  successful  tracheal  intubation  (including  the
st,  2nd,  and  3rdattempts)  in  both  groups.  The  statistical  anal-
sis  showed  a  significant  difference  between  the  two  groups
or  all  attempts,  with  shorter  times  in  the  VL  group.  Vari-

nce  analysis  and  Tukey’s  test  of  multiple  comparisons  were
erformed  and  showed  a  significant  difference  only  between
he  1st and  3rd attempts  (Table  4).

s
(
i

53
p < 0.0001.
tructures  according  to  the  Cormack-Lehane  classification
C&L)  at  the  time  of  intubation  for  both  groups  can  be  seen
n  Table  5, with  a  significant  difference  between  the  two
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roups  (p  <  0.0001)  and  a  higher  frequency  of  C&L  grade  1
n  group  VL  (75%).

iscussion

he  findings  of  this  study  showed  that  there  was  significant
uperiority  of  VL  over  DL  regarding  the  success  rate  of  the
rst  attempt  of  tracheal  intubation  (97%  and  89.4%,  respec-
ively,  p  =  0.0497  95%  CI),  but  this  finding  was  not  obtained
or  any  other  attempts.  There  is  evidence  in  the  literature
hat  beginner  laryngoscopists  perform  better  when  using
ndirect  laryngoscopy  techniques  and  when  they  are  ini-
ially  trained  with  these  techniques.8,12,15,17,18 During  airway
anagement,  tracheal  intubation  is  considered  a funda-
ental  maneuver  to  ensure  ventilation  and  oxygenation  to

he  patient.  Mort19 showed  that  the  greater  the  number  of
ttempts  and  the  longer  the  time  for  successful  intubation,
he  higher  the  relative  risk  of  serious  clinical  complications
uch  as  severe  hypoxia,  regurgitation  of  gastric  contents
ith  bronchial  aspiration,  and  even  cardiorespiratory  arrest.
hus,  some  authors  advocate  the  standardization  of  vide-
laryngoscopy  as  the  technique  of  choice  for  the  initial
pproach  in  all  cases  of  tracheal  intubation,  considering  it
o  be  efficient  and  safer  for  patients,  and  recommending
hat  all  anesthesiologists  receive  adequate  training  and  have
ccess  to  these  devices.20

However,  in  this  study,  no  significant  differences  in
he  success  rate  were  observed  in  the  second  and  third
ttempts.  An  explanation  for  this  may  be  due  to  one  of
he  limitations  of  the  study:  the  relatively  short  time  avail-
ble  for  student  training  before  the  data  collection  phase
5  minutes  of  training  and  at  least  three  successful  intuba-
ions).  There  is  no  consensus  to  define  the  minimum  number
f  maneuvers  during  training  to  achieve  laryngoscopy  pro-
ciency  (a  learning  curve  with  a  success  rate  above  90%),
ut  retrospective  studies  and  meta-analyses  suggest  approx-
mately  50  intubations  for  DL  and  approximately  20---30  for
L.11,21,22 The  German  Society  of  Anesthesiologists11 (DGAI)
ecommends  that  after  initial  training  with  100  laryngo-
copies,  professionals  perform  at  least  10  intubations  per
ear  to  maintain  their  ability.  Perhaps  by  increasing  the  time
nd  the  number  of  maneuvers  during  the  training  phase,
he  competence  acquired  in  each  group  could  be  more  evi-
ent.

Students  in  the  VL  group  were  faster  than  those  in  the  DL
roup  in  all  intubation  attempts.  In  parallel,  most  students
n  the  VL  group  reported  excellent  viewing  conditions  (75%
f  the  attempts  received  a  Cormack-Lehane  grade  1  clas-
ification).  The  VL  technique  favoured  the  visualization  of
lottic  structures,  which  resulted  in  faster  intubations.  Sim-
lar  data  were  reported  by  Herbstreit  et  al.,23 who  observed
edical  students  undergoing  training  with  VL  and  found

n  average  intubation  performance  11  seconds  faster  than
hat  of  the  control  group.  Most  likely,  just  a  few  seconds
ooner  or  later  to  complete  tracheal  intubation  would  not

ave  a  major  clinical  impact  in  elective  preoxygenated
atients,  but  in  critical  care  and  emergency  patients  with

 prior  hypoxic  condition,  this  is  certainly  an  important
ssue.
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The  quality  of  the  images  on  the  device’s  screen  with
dequate  brightness  and  high  definition  facilitated  the
ecognition  of  important  reference  points,  such  as  the
piglottis  or  vocal  cords,  and  allowed  the  student  to  guide
he  tracheal  tube  more  quickly  and  correctly.  Another
ighlight  for  learning  with  VL  is  that  the  instructor  accom-
anies  the  maneuver  simultaneously  viewing  the  screen  and
an  make  observations  or  instant  corrections  to  guide  the
nexperienced  laryngoscopist.17,18,23---25 In  the  real  clinical
etting,  this  sharing  of  intubation  experience  allows  a  situa-
ional  awareness  by  the  entire  care  team  and  favours  a  quick
nd  integrated  response  in  cases  of  difficulty  or  urgency.

In  the  VL  and  DL  groups,  there  was  a  significant  decrease
n  intubation  time  with  the  progression  of  attempts  between
he  first  and  third  attempts.  This  can  suggest  a  learning
urve  and  a  good  result  and  effectiveness  of  the  proposed
raining.

For  logistical  reasons  and  a  lack  of  availability  of  the  par-
icipants,  it  was  not  possible  to  follow  the  students  in  the
ost-study  period  and  assess  the  degree  of  their  retention
f  the  trained  technical  skill.  This  type  of  follow-up  could
uggest  the  appropriate  time  interval  to  repeat  the  training
o  preserve  knowledge  and  skills.

This  study  has  other  limitations.  Training  mannequins  do
ot  accurately  reproduce  the  anatomy  of  the  airway,  the
uscle  tone  of  the  structures,  or  the  presence  of  secretions;

herefore,  the  results  do  not  directly  represent  what  occurs
n  clinical  practice.  The  neutral  position  of  the  mannequins
id  not  replicate  any  difficult  scenarios  for  laryngoscopy  and
racheal  intubation,  which  resulted  in  relatively  high  success
ates  in  both  groups.

Future  studies  with  larger  samples  of  participants  evalu-
ting  the  application  of  videolaryngoscopes  in  the  training  of
ifferent  groups,  such  as  academics,  resident  doctors,  and
xperienced  physicians,  may  present  more  relevant  infor-
ation  about  the  value  of  these  devices  in  the  development

nd  safety  of  laryngoscopy.

onclusion

he  introduction  of  the  McGrathTM MAC  videolaryngoscope
n  the  3rd-grade  medical  students’  training  program  allowed
hem  to  better  visualize  the  anatomical  structures  of  the
raining  mannequin  and  complete  the  orotracheal  intuba-
ion  maneuver  more  quickly  and  with  a  high  success  rate  at
he  first  attempt.  Thus,  under  the  conditions  of  this  prospec-
ive  study,  the  videolaryngoscope  had  a  positive  impact  on
raining  and  proved  to  be  a promising  tool  for  teaching  laryn-
oscopy.

The  study  followed  strengthening  the  Guidelines  for
ealth  Care  Simulation  Research:  Extensions  to  the
ONSORT  and  STROBE  Statements.

This  study  is  registered  at  http://plataformabrasil.
aude.gov.br/login.jsf  under  the  number
3259717.2.0000.5479  and  approval  number:  2.251.017
onflicts of interest
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TaggedPAbstract
Background: Clinical airway screening tests intend to predict difficult airways, but none have a
high predictive value. Recent systematic reviews correlate ultrasound with difficult laryngos-
copy. This study aimed primarily to correlate ultrasound measurements of anatomical upper air-
way structures in the sniffing position with difficult direct laryngoscopy. The secondary aim was
to observe gender-based differences.
Methods: This prospective, cross-sectional, single-center observational study included 209
patients requiring general anesthesia for elective surgery. Preoperatively, we performed six clin-
ical airway assessments and three ultrasound measurements, which were the Distance from Skin
to the Hyoid Bone (DSHB), to the Epiglottis (DSE), and to the anterior commissure of the vocal
cords (DSAC) in a sniffing position. Benumof’s criteria for the “best view at the first attempt” for
direct laryngoscopy assessed the difficulty of laryngoscopy.
Results: The distance from skin to the epiglottis was the best predictor of direct difficult laryngos-
copy (defined as Cormack-Lehane grade ≥ 2b) with a minimum thickness cut-off at 2.70§ 0.19 cm
(sensitivity 91.3%; specificity 96.9%). The skin to the hyoid bone distance cut-off was 1.41 §
0.30 cm with moderate correlation (sensitivity 80.4%; specificity 60.1%). No correlation was found
for the distance to the anterior commissure of the vocal cords. In women compared to men, the
skin to the epiglottis distance was more sensitive (92.3% vs. 90.9%) and specific (98.8% vs. 95.2%).
Conclusions: DSE in the sniffing position is the most reliable parameter for preoperative airway
ultrasound assessment in the Caucasian population, with higher sensitivity and specificity in
TaggedEndTAGGEDPKEYWORDS
Anesthesia;
Airway management;
Intubation;
Laryngoscopy;
Position;
Ultrasonography TaggedEnd
40. https://clinicaltrials.gov/ct2/show/NCT04168840.
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TaggedEndTaggedPwomen, and might be considered as an independent predictor for direct difficult laryngoscopy.
© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPUnanticipated difficult airway is a potentially life-threaten-
ing event during airway management. Physicians must act
quickly and safely in order to avoid increased morbidity and
mortality.1 The NAP4 study on complications of airway man-
agement in Great Britain revealed the inability of physical
airway examination to identify difficult airways as a risk fac-
tor.2 Two recent Cochrane meta-analyses found no reliable
clinical screening tests to predict difficult laryngoscopy or
difficult tracheal intubation.3,4 A meta-analysis5 and a sys-
tematic review6 found limited sensitivity to predict a diffi-
cult airway of single clinical airway exams, as well as for
multivariate tests. TaggedEnd

TaggedPRecently, point-of-care ultrasound of the airway entered
routine clinical practice.7 Prasad et al8 found good anatomi-
cal correlation of the airway comparing computerized axial
tomography with ultrasound. Ultrasonography reliably mea-
sured pre-tracheal tissues and infra-hyoid structures but was
less robust for suprahyoid structures that might be affected
by neck flexo-extension. TaggedEnd

TaggedPSeveral ultrasound predictors intended to evaluate pre-
diction of difficult airways.9-12 Three systematic reviews cor-
related the “skin thickness at the epiglottis and hyoid
levels”, and “the hyomental distance and ratio” with diffi-
cult laryngoscopy.13-15 The limitations of these studies
affecting generalizability are the small sample size, the
absence of standardized ultrasonographic and laryngoscopy
evaluation methods,13 and no specific analysis of the differ-
ences in neck tissue between men and women.16 To over-
come such limitations we propose standardized ultrasound
measurements of the airways in the sniffing position to allow
optimal alignment of the axes of vision for direct
laryngoscopy,17,18 thus avoiding the neutral neck position in
previous studies. The proposed laryngoscopy protocol fol-
lows Benumof’s criteria.19 TaggedEnd

TaggedPThe primary goal of this study was to predict a Cormack-
Lehane grade ≥ 2b with three standardized ultrasound air-
way measurements having reasonable high sensitivity and
specificity: Distance from the Skin to the Hyoid Bone (DSHB),
from the Skin to Epiglottis (DSE), and from the Skin to the
Anterior Commissure of the vocal cords (DSAC). Secondarily,
we aimed to investigate differences between men and
women. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPEthical approval for this study was provided by the Ethical
Committee of Navarra University Hospital (Pamplona, Spain)
(Chairperson Beatriz Gonz�alez) (Project 2019.14) on March
14th, 2019. This prospective, cross-sectional, single-center
observational study was registered on Clinical Trial.gov
(NCT04168840). All participants signed a written informed
consent. The study was conducted in accordance with the
540
TaggedEndTaggedPHelsinki Declaration, Good Clinical Practice guidelines, and
the Spanish legislation for biomedical research. TaggedEnd

TaggedPA cohort of consecutive American Society of Anesthesi-
ologists (ASA) physical status I to III patients, aged 18‒
90 years, undergoing general anesthesia for elective sur-
gery between May 2019 and January 2020 were included.
Exclusion criteria were a Body Mass Index (BMI) > 35 Kg.
m�2(the ramping position in these patients is not consid-
ered as a sniffing position), pregnancy, cervical tumors,
goiter, or a history of cervical radiation therapy, maxillo-
facial or cervical abnormalities, and inability or unwill-
ingness to provide consent. TaggedEnd

TaggedPDuring the preanesthesia evaluation, we collected demo-
graphic variables (age, sex, weight, height, BMI, and ASA
physical status) and performed several clinical airway
screening measurements by the principal investigator: modi-
fied Mallampati (Samsoon and Young) score (MMS), Thyro-
mental Distance (TMD), Sternomental Distance (SMD),
Interincisal Distance (IID), Upper Lip Bite Test (ULBT) and
Cervical Perimeter (CP). TaggedEnd

TaggedPUltrasound measurements were performed in the operat-
ing room by the principal investigator. Patients were in
supine position with the head in the “sniffing” position on a
slightly compressible foam pillow (TRUMPF Medizin Systeme,
Saalfeld, Germany). This is the best position to perform
direct laryngoscopy according to Benumof,19 the Difficult
Airway Society (DAS) guidelines,17 and the anatomical model
described by Greenland.18 A high frequency linear probe (6
−12 MHz) with the recommended penetration depth of 2
−3 cm for superficial structures7 was placed in the trans-
verse plane of the neck to measure the thickness of the
anterior cervical tissues (General Electric Logiq V2, GE Medi-
cal Systems, Jiangsu, China). Three easy and quick to imple-
ment ultrasound distances were measured: the minimum
Distance from the Skin to the Hyoid Bone (DSHB), the Skin to
the medium Epiglottis line distance (DSE), and the Distance
Skin to the Anterior Commissure of the vocal cords (DSAC)
(Fig. 1).TaggedEnd

TaggedPStandard noninvasive anesthesia monitoring was installed
(ECG, SpO2, noninvasive blood pressure, capnography, accel-
erometric neuromuscular monitoring) before the induction
of general anesthesia according to the departmental stan-
dardized protocol. After adequate preoxygenation was con-
firmed by an ETO2 greater than 90%, general anesthesia was
induced with propofol (2−2.5 mg.Kg�1), fentanyl (2−4 mg.
Kg�1) and rocuronium (0.6−1 mg.Kg�1). After verifying ade-
quate hypnotic depth (Entropy below 50, GE Healthcare,
Helsinki, Finland) and neuromuscular relaxation (TOF = 0),
direct laryngoscopy with a Macintosh blade n° 4 (Riester,
Jungigen, Alemania) was performed in the sniffing position
to evaluate the Cormack-Lehane (C-L) grade followed by
tracheal intubation. A SpO2 of less than 91% was the stopping
criterion of the rating. A maximum of two intubation
attempts were allowed before declaring a failed direct lar-
yngoscopy intubation, and an optical or videolaryngoscope
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TaggedFigure

Figure 1 Ultrasound measurements of pre-tracheal tissues. Left panel different neck levels with ultrasound probe in transverse
plane in the sniffing position: (A) Hyoid bone level; (B) thyrohyoid membrane level; (C) Anterior Commissure of vocal cords level.
Right panel corresponding ultrasound images: (D) white empty arrows denote hyoid bone, orange arrow denotes minimum Distance
from Skin to Hyoid Bone (DSHB); (E) white empty arrows denote hypoechoic image of epiglottis, orange arrow denotes Distance from
Skin to Epiglottis midway (DSE); (F) white empty arrows denote anterior commissure of vocal cords, orange arrow denotes minimum
Distance from Skin to Anterior Commissure (DSAC). TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 539−547
TaggedEndTaggedP(Airtraq� Prodol Meditec, Vizcaya, Spain or Kingvision�, King
Systems, Indiana, USA) was used as a rescue device. TaggedEnd

TaggedPAll Benumof’s19 criteria were used for “best view at the
first attempt”, which include the sniffing position (7−8 cm
height slightly compressible foam pillow for flexion of the
neck), the BURP maneuver, complete muscle relaxation
(TOF = 0), and an appropriate laryngoscope blade (on our
case a Macintosh blade n° 4). Four anesthesiologists with
more than 5 years of clinical experience (including the prin-
cipal investigator) performed the direct laryngoscopy and
assessed the C-L grade with and without the Backward-
Upward-Rightward-Pressure (BURP) maneuver.20 For direct
laryngoscopy, we used Cook’s modified scale because of its
greater sensitivity and specificity in predicting a difficult
intubation.21 Yentis et al. concluded that the classic C-L sys-
tem was insufficient to describe visualization in direct laryn-
goscopy, reporting that up to 67.4% of grade 2b intubations
were considered difficult.22 Finally, DAS also describes in its
541
TaggedEndTaggedPdifficult airway guidelines that Cook modified scale gives
more information in airway management.17 It rates a grade
1 (complete vision of the glottis) and a 2a (partial vision of
the glottis) as an easy direct laryngoscopy. Grade 2b (only
the arytenoids are visible) and grade 3a (only epiglottis visi-
ble, but it can be elevated) were rated as restricted laryn-
goscopy. Grade 3b (only epiglottis visible and no elevation
possible) and grade 4 (base of the tongue visible) were rated
as difficult laryngoscopy.21 Therefore, this classification
gives information about the technique necessary to most
probably achieve successful intubation. TaggedEnd

TaggedPWe dichotomized laryngoscopy into easy (comprised of C-
L grades 1 and 2a) and restricted/difficult laryngoscopy
(composed of C-L grades 2b, 3a, 3b, and 4), as studies
reported a 5% to 10% increased incidence of airway manage-
ment complications with these higher C-L grades.2,17 TaggedEnd

TaggedPBecause the airway management as well as the ultra-
sound measurements were performed on patients during
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TaggedEndTaggedPdaily clinical care, blinding of the operators was not possi-
ble, but the different results of the ultrasound measure-
ments were not communicated to the anesthesiologist who
performed the laryngoscopy and intubations. TaggedEnd

TaggedH2Statistics TaggedEnd

TaggedPThe sample size calculations were based on literature of
ultrasound measurements predicting difficulty in at least 80
−85% of direct laryngoscopy and intubation that are really
difficult (C-L ≥ 2b).23,24 Unexpected difficult intubation due
to inadequate larynx view during direct laryngoscopy is
reported in 5% to 10%.17 Accepting an alpha error of 0.05
and beta error of 0.15, we needed 196 patients to obtain
statistically significant differences between easy and
restricted/difficult laryngoscopy. TaggedEnd

TaggedPDescriptive statistics analyzed quantitative variables.
Pearson’s x2 test or Fisher’s exact test for qualitative varia-
bles and the Student’s t-test or Mann-Whitney U test for
quantitative variables compared results, and a logistic
regression analysis evaluated the Odds Ratio (OR) with their
corresponding 95% Confidence Interval. TaggedEnd

TaggedPThe area under the Receiver Operating Characteristic
Curve (ROC AUC) established sensitivity and specificity of
the clinical tests and ultrasound measurements. Then the
Youden’s Index estimated the optimal cut-off point values.
The accuracy, sensitivity, specificity, Positive Predictive
Value (PPV) and Negative Predictive Value (NPV) of the indi-
cators were calculated with Epidat 3.1(SERGAS, Galicia,
TaggedEnd Table 1 Demographic patient variables, clinical airway assessme

Variables Easy laryngoscopy
(n = 163)

Sex (Female) n (%) 80 (86%)
Age (years) 54.8 § 15.5
BMI (Kg.m�1) 24.8 § 3.4
ASA, n (%)
I 45 (88.2%)
II 100 (73%)
III 18 (85.7%)
MMS, n (%)
I 90 (92.8%)
II 60 (71.4%)
III 12 (52.2%)
IV 1 (20%)
TMD (cm) 7.6 § 0.9
STM (cm) 13.3 § 1.4
IID (cm) 4.7 § 0.5
ULBT, n (%)
I 139 (83.2%)
II 23 (57.5%)
III 1 (50%)
CP (cm) 39.27 § 4.53
DSHB (cm) 1.15 § 0.27
DSE (cm) 2.16 § 0.29
DSAC (cm) 0.77 § 0.24

BMI, Body Mass Index; ASA, American Society of Anesthesiologists phys
TMD, Thyromental Distance; STM, Sternomental Distance; IID, Interin
DSHB, Distance from Skin to Hyoid Bone; DSE, Distance from Skin to E
vocal cords.
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TaggedEndTaggedPSpain), otherwise we used SPSS software version 25.0 (IBM,
Armonk, New York), and reported continuous variables as
mean § Standard Deviation (SD) and categorical variables as
absolute (n) and relative frequencies (%). A p-value < 0.05
was considered statistically significant. TaggedEnd
TaggedH1Results TaggedEnd

TaggedPThis study included 209 patients and their demographic data
are presented in Table 1. The C-L was restricted/difficult in
57 patients (27.3%) without BURP maneuver, and in 46
patients (22%) with BURP maneuver, an improved view in 11
patients (5.3%). Direct laryngoscopy was classified as easy in
163 patients (78.0%), and as restricted/difficult in 46
patients (22.0%). CL grade 1: 123 patients (58.9%), 2a: 40
patients (19.1%), 2b: 36 patients (17.2%), 3a: 8 patients
(3.8%) and 3b: 2 patients (1.0%). TaggedEnd

TaggedPFor patients with C-L ≥ 2b, 9 (19.5%) required 2 attempts
of direct laryngoscopy and a stylet, 19 (41.3%) needed a
Frova�-type intubation guide (Cook Medical, Indiana, USA),
16 (34.8%) required video laryngoscopy (Airtraq� or King-
vision�), and 2 patients (4.4%) (C-L grade 3b) were intubated
asleep with a flexible bronchoscope. There were 18 cases of
difficult tracheal intubation as defined as ASA practice
guidelines25 (8.6% of total study population, and 39.1% of
restricted/difficult laryngoscopy group), nonetheless all
patients were successfully intubated without complications. TaggedEnd
nt, and ultrasound measurements.

Restricted/difficult
laryngoscopy (n = 46)

p-value

13 (14%) <0.012
64.6 § 9.4 <0.001
27.5 § 3.2 <0.001

0.054
6 (11.8%)
37 (27%)
3 (14.3%)

<0.001
7 (7.2%)
24 (28,6%)
11 (47.8%)
4 (80%)
7.3 § 0.9 0.310
12.8 § 1.1 0.034
4.5 § 0.6 0.090

<0.001
28 (16.8%)
17 (42.5%)
1 (50%)
43.46 § 4.56 <0.001
1.41 § 0.30 <0.001
2.70 § 0.19 <0.001
0.92 § 0.27 <0.001

ical status classification system; MMS, Modified Mallampati Score;
cisor Distance; ULBT, Upper Lip Bite Test; CP, Cervical Perimeter;
piglottis; DSAC, Distance from Skin to Anterior Commissure of the



TaggedFigure

Figure 2 Receiver Operating Characteristic (ROC) for clinical
test and ultrasound measurements for a C-L ≥ 2b. MMS modified
Mallampati score (pink dotted line), TMD, Thyromental Distance
(yellow dotted line); STM, Sternomental Distance (orange dot-
ted line); IID, Interincisor Distance (red dotted line); ULBT,
Upper Lip Bite Test (black dotted line); CP, Cervical Perimeter
(grey dotted line); DSHB, Distance from Skin to Hyoid Bone
(solid green line); DSE, Distance from Skin to Epiglottis (solid
blue line) and DSAC, Distance from Skin to Anterior Commissure
of the vocal cords (solid purple line). TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 539−547
TaggedPThe 46 restricted/difficult laryngoscopy patients were
more men (restricted/difficult laryngoscopy 33 men/13
women vs. easy laryngoscopy 83 men/80 women; p <
0.012), older (restricted/difficult laryngoscopy 64.6§
9.4 years vs. easy laryngoscopy 54.8 § 15.5 years; p <
0.001), and with higher BMI (restricted/difficult laryngos-
copy 27.5 § 3.2 Kg.m�2 vs. easy laryngoscopy 24.8 § 3.4
Kg.m�2; p < 0.001), without difference for ASA physical
status (Table 1). The Mallampati score, sternomental dis-
tance, upper lip bite test, and cervical perimeter were
statistically significant worse. No differences were found
for the thyromental distance and the interincisal dis-
tance. Ultrasound measures revealed statistically signifi-
cant greater thickness for the distance from skin to the
hyoid bone, the distance from skin to the epiglottis, and
the distance from skin to the anterior commissure of the
vocal cords (Table 1). TaggedEnd

TaggedPThe diagnostic accuracy expressed as ROC AUC to detect
a restricted/difficult laryngoscopy were best for the dis-
tance from skin to the epiglottis DSE (0.96 [95% CI 0.94‒
0.99]; p < 0.001) and the distance from skin to the hyoid
bone (0.74 [95% CI 0.66‒0.82]; p < 0.001), which was in the
same range as the Mallampati score (0.74 [95% CI 0.66‒
0.82]; p < 0.001) and the cervical perimeter (0.73 [95% CI
0.66‒0,81]; p < 0.001) (Table 2).TaggedEnd

TaggedPUsing binary logistic regression to maximize the Youden’s
index, sensitivity, specificity, Positive Predictive Value
(PPV), the Negative Predictive Value (NPV) for the diagnosis
of restricted/difficult laryngoscopy, and the cut-off points
for the distance from skin to hyoid bone, the distance from
skin to epiglottis and the distance from skin to anterior com-
missure of the vocal cords were established. The distance
from skin to hyoid bone with a cut-off point at 1.19 cm could
be predicted with a PPV of 36.3% (95% CI 26.5‒46.1%] and a
NPV of 91.6% (95% CI 85.9‒97.3%). The distance from skin to
epiglottis with a cut-off at 2.48 cm had a PPV of 89.4% (95%
CI 79.5‒99.2%) and a NPV of 97.5% [95% CI 94.8‒100.00%).
The distance from skin to anterior commissure of the vocal
cords had a cut-off of 0.82 cm with a PPV of 35.6% (95% CI
25.0‒46.3%) and a NPV of 87.7% (95% CI 81.5‒93.9%)
(Table 2). TaggedEnd

TaggedPThe correlation between clinical airway assessment tests,
ultrasound measurements and C-L ≥ 2b (restricted/difficult
TaggedEnd Table 2 Diagnostic accuracy of clinical airway screening tests and
laryngoscopy.

Variables AUC (95% CI) Sensitivity Specificit

MMS 0.74 (0.66‒0.82) 32.61 92.02
TMD 0.46 (0.37‒0.55) 15.22 87.12
STM 0.38 (0.29‒0.47) 47.83 72.39
IID 0.40 (0.31‒0.50) 6.52 98.16
ULBT 0.39 (0.29‒0.49) 2.17 99.39
CP 0.73 (0.66‒0.81) 50.00 76.07
DSHB 0.74 (0.66‒0.82) 80.43 60.12
DSE 0.96 (0.94‒0.99) 91.30 96.93
DSAC 0.66 (0.57‒0.75) 67.39 65.64

AUC, Area Under ROC Curve; MMS, Modified Mallampati Score; TMD, Th
Distance; ULBT, Upper Lip Bite Test; CP, Cervical Perimeter; DSHB, Dista
DSAC, Distance from Skin to Anterior Commissure of the vocal cords; PP
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TaggedEndTaggedPlaryngoscopy) is shown as Area Under the ROC Curves (AUC),
which is for the distance from skin to epiglottis with 0.96
the closest to 1 (95% CI 0.94‒0.99), sensitivity 91.30%, speci-
ficity 96.93% as the best ultrasound predictor performing
better than any clinical airway assessment parameter. The
AUC for the modified Mallampati score was 0.74 (95% CI
0.66‒0.82, sensitivity 32.61%, specificity of 92.02%) as the
best clinical airway assessment predictor (Fig. 2).TaggedEnd

TaggedPComparing sex and ultrasound variables, we found
slightly higher values for the AUC for all three ultrasound
parameters in women for the same cut-off points. These
show that the distance from skin to anterior commissure
of the vocal cords could also be a predictor in women, but
not stronger than the distance from skin to epiglottis.
(Table 3). TaggedEnd
ultrasound measurements for predicting a restricted/difficult

y PPV NPV Youden Index p-value

53.57 82.87 0.25 <0.001
25.00 78.45 0.02 0.5
32.84 83.10 0.20 0.017
50.00 78.82 0.05 0.058
50.00 78.26 0.02 0.027
37.10 84.35 0.26 <0.001
36.27 91.59 0.41 <0.001
89.36 97.53 0.88 <0.001
35.63 87.70 0.33 <0.001

yromental Distance; STM, Sternomental Distance; IID, Interincisor
nce from Skin to Hyoid Bone; DSE, Distance from Skin to Epiglottis;
V, Positive Predictive Value; NPV, Negative Predictive Value.



TaggedEnd Table 3 Diagnostic accuracy of ultrasound for predicting a restricted/difficult laryngoscopy by sex.

Variables AUC (95% CI) Cut-Off Sensitivity Specificity p-value

DSHB (M) 0.74 (0.63‒0.84) 1.19 cm 78.8 61.4 <0.001
DSHB (F) 0.75 (0.60‒0.89) 1.19cm 84.6 56.2 0.004
DSE (M) 0.94 (0.89‒0.99) 2.48 cm 90.9 95.2 <0.001
DSE (F) 0.99 (0.97‒1) 2.48 cm 92.3 98.8 <0.001
DSAC (M) 0.64 (0.53‒0.75) 0.82 cm 60.6 71.1 0.015
DSAC (F) 0.78 (0.65‒0.91) 0.82 cm 84.6 60.0 <0.001

AUC, Area Under ROC Curve; DSHB, Distance from Skin to Hyoid Bone; DSE, Distance from Skin to Epiglottis; DSAC, Distance from Skin to
Anterior Commissure of the vocal cords, (M) Men and (F) Women.

TaggedEndM.A. Fernandez-Vaquero, P. Charco-Mora, M.A. Garcia-Aroca et al.
TaggedH1Discussion TaggedEnd

TaggedPThis prospective observational study comparing clinical air-
way assessment parameters and ultrasound measurements
showed the best and strong correlation for the ultrasound
distance from skin to epiglottis and a moderate correlation
for the distance from skin to hyoid bone measured in the
sniffing position to predict restricted/difficult laryngoscopy
defined as a Cormack-Lehane grade ≥2b at direct laryngos-
copy with a Macintosh blade. The distance from skin to ante-
rior commissure of the vocal cords had a similar ROC AUC as
all the clinical airway assessment measurements. These
results are similar to recent reviews and meta-analyses13−15

that recommended to introduce ultrasonography for preop-
erative airway assessment in anesthesiology curriculum
training. Interestingly, the distance from skin to epiglottis
was the strongest independent predictor for difficult laryn-
goscopy for men and women. Therefore, this ultrasound
parameter with a cut-off value of 2.48 cm, having a sensitiv-
ity of 91.3% and a specificity of 96.9%, is able to predict diffi-
culty in airway management in routine clinical practice and
therefore has the potential to improve patient safety.21TaggedEnd

TaggedPOur results about the distance from skin to epiglottis are
comparable to the findings of others but all with a slightly
lower sensitivity and specificity: Falcetta et al.12 described
a cut off at 2.54 cm (sensitivity 82%; specificity 91%), Pinto
et al.,11 2.75 cm (sensitivity 64.7%; specificity 77.1%), and
Martinez et al.,26 3.0 cm (sensitivity 56.3%; specificity
88.2%) in similar population. Adhikari et al.,9 described a
cut-off point of 2.8 cm in a Caucasian and African American
population, Wu et al.,10 a cut-off of 1.78 cm (sensitivity
100%; specificity 66.3%) in a Chinese population, and Para-
meswari et al.,24 found a cut-off of 1.8 cm (sensitivity 75%;
specificity 63.6%) in an Indian population. All authors pro-
pose the distance from skin to epiglottis as the most promis-
ing independent ultrasound predictor of a difficult
laryngoscopy. The variable is robust, valid in different eth-
nicities, and far better than any other clinical predictors
are. However, methodology heterogeneity in ultrasound
measurements and in laryngoscopy technique might result in
a bias (Table 4). TaggedEnd

TaggedPAnatomical differences between men and women seems
to be an issue. We found that the distance from skin to epi-
glottis is a better parameter in women (sensitivity of 92.3%
and specificity of 98.8%, compared to sensitivity of 90.9%
and specificity of 95.2% in men). Falcetta et al., described
also higher values for women (sensitivity 100% and specific-
ity 83%) compared to men (sensitivity 75% and specificity
544
TaggedEndTaggedP92%). Unfortunately, no other authors have analyzed the dif-
ferences between men and women. TaggedEnd

TaggedPOur data about the distance from skin to hyoid bone (cut-
off at 1.19 cm; sensitivity 80.4%, specificity 60.1%) are simi-
lar to findings by Wu et al.10 (cut-off point 1.28 cm; sensitiv-
ity 85.7 %, specificity 85.1%) and Adhikari et al.9 (with a cut-
off at 1.69 cm). However, a similar analysis by Martinez
et al.26 in a Spanish population showed a non-significant
association (p = 0.580), probably due to an underpowered
sample size of the study (50 patients). Interestingly, the dis-
tance from skin to anterior commissure of the vocal cords
was the weakest predictor of difficult laryngoscopy in our
study, which is in line with previous data by Falcetta et al.12

and Martinez et al.26 (same ethnicity), but contrary to Ezri
et al.27 (in an obese population) and Wu et al.10 (in a Chinese
population). TaggedEnd

TaggedPThe modified Mallampati score and the cervical perime-
ter were the best clinical airway assessment tests with an
AUC of 0.74 and 0.73, respectively, similar to reports by
Pinto et al.11 (Portuguese population) and Martinez et al.26

(Spanish population), but in contrast to Ezri et al.27 (Middle-
East obese population, Israel) or Komatsu et al.28 (Caucasian
and African-American obese population, USA). Differences
among ethnicities, methodology, and experience of physi-
cians may explain such different results, as age, sex, and
BMI, presented statistically significant differences according
to Martinez,26 Adhikari,9 Komatsu,28 Pinto,11 Ezri,27 and
Wu,10 respectively.TaggedEnd

TaggedPA strength of our study is the standardized ultrasound
measurements (sniffing position, the final position for endo-
tracheal intubation), and the standardized laryngoscopy
applying the Benumof19 criteria for “best view at the first
attempt”. Furthermore, the analysis of differences between
men and women confirming the value of ultrasound in pre-
dicting airway management difficulties in female patients.
All clinical airway assessments and the ultrasound measure-
ments were taken by the same investigator which improves
inter-rated reliability but also might introduce a bias driven
by the competence of experts. As far as we know, to date
there is no international endorsed ultrasound airway assess-
ment certification, but in this study all ultrasound measure-
ments were taken by an investigator who has eight years of
experience in teaching airway ultrasound in national and
international courses. Regardless, point-of-care ultrasonog-
raphy of the airways has a steep learning curve.7,28 We
favored direct laryngoscopy as a relevant outcome parame-
ter over tracheal intubation because best view on the glottis
is the first step to facilitate easy tracheal intubation. Proper



TaggedEnd Table 4 Cut-off points, sensitivity, specificity, ultrasound-measured position, and laryngoscopy method in publications by various authors.

Author Adhikari 2011 Wu 2014 Pinto 2016 Parameswari
2017

Falcetta 2018 Martinez 2019 Fern�andez-
Vaquero 2019

DSE cut-off point 2.8 cm 1.78 cm 2.75 cm 1.8 cm 2.54 cm 3 cm 2.48 cm
Sensitivity Not showed 100% 64.7% 75% 82% 56.3% 91.3%
Specificity Not showed 66.3% 77.1% 63.3% 91% 88.2% 96.9%
Ultrasound measurement

position
Neutral neck
position

Neutral neck
position

Neutral neck
position

Neutral neck
position

Neutral neck
position

Sniffing position Sniffing position

Laryngoscopy (Benumof's
criteria)

1. BURP Not BURP
applied.

Not BURP
applied.

Not BURP
applied.

Not BURP
applied.

BURP only if
necessary.

Not BURP
applied.

BURP applied.

2. Experience Physician resi-
dent/ nurse.

2-years experi-
enced
physicians.

Experience not
specified.

Experience not
specified.

5-years experi-
enced
physicians.

10-years expe-
rienced
physicians.

5-years experi-
enced
physicians.

3. TOF TOF not
Specified.

TOF not
Specified.

TOF not
Specified.

TOF not
Specified.

TOF 0. TOF 0. TOF 0.

4. Neck position Neck position
not specified.

Neck position
not specified.

Neck position
not specified.

Neck position
not specified.

Neck position
not specified.

Sniffing
position.

Sniffing
position.

Population Caucasian Afri-
can-American

Chinese Portuguese Indian Italian Spanish Spanish
Portuguese

Sample size (n) 51 203 74 130 301 50 209
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TaggedEndM.A. Fernandez-Vaquero, P. Charco-Mora, M.A. Garcia-Aroca et al.
TaggedEndTaggedPlaryngoscopy depends a bit on the skill of the clinician who
performs it,29 but we are aware of the differences between
laryngoscopy and tracheal intubation, which is even more
prominent during video laryngoscopy with the well-known
“you-see-that-you-fail” phenomenon.30 The results of our
study cannot be related to tracheal intubation success. TaggedEnd

TaggedPThe trial was registered in November 2019, about 6
months into the recruitment period. Another limitation of
our study relates to the impossibility of blinding airway man-
agement and ultrasound measurements, as well as the non-
randomized design and the single-center study in a specific
European population, which might limit generalization.
Therefore, future research should aim to validate our find-
ings and quantify generalizability across different popula-
tions and operators. TaggedEnd

TaggedPIn conclusion, this study correlated ultrasound meas-
urements of pre-tracheal tissue with difficult laryngos-
copy and showed that the distance from the skin to the
epiglottis, measured in the sniffing position, is the most
reliable parameter for preoperative airway assessment
predicting difficult laryngoscopy (defined as Cormack/
Lehane grade ≥ 2b) in men and women with a cut-off
value of 2.48 cm having a sensitivity of 91.3% and a spec-
ificity of 96.9%. TaggedEnd
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eceived  4  May  2020;  accepted  19  July  2021
vailable  online  9  August  2021

KEYWORDS
Coronary  artery
bypass  grafting
surgery;
Airtraq;
C-MAC;
Videolaryngoscopy;
Hemodynamic
response;
Intubation

Abstract
Background:  Endotracheal  intubation  (ETI),  which  is  the  gold  standard  in  coronary  artery  bypass
grafting (CABG),  may  cause  myocardial  ischaemia  by  disturbing  the  balance  between  haemody-
namic changes  and  oxygen  supply  and  consumption  of  the  myocardium  as  a  result  of  sympathetic
stimulation.  In  this  study,  we  aimed  to  compare  two  different  videolaryngoscopes  (C-MAC  and
Airtraq) in  the  hemodynamic  response  to  ETI.
Methods:  Fifty  ASA  II---III  CABG  surgery  patients  were  randomly  assigned  to  C-MAC  or  Airtraq.
The hemodynamic  data  included  arterial  blood  pressure  [systolic  (SAP),  diastolic  (DAP)  and
mean (MAP)]  and  heart  rate  (HR)  and  were  recorded  at  six  different  points  in  time:  before
laryngoscopy-T1,  during  laryngoscopy-T2,  immediately  after  intubation-T3,  and  3  (T4),  5  (T5)
and 10  (T6)  minutes  after  intubation.  Intraoperative  complications  were  recorded.  Patients
were questioned  about  postoperative  complications  2  and  24  hours  following  extubation.
Results: The  hemodynamic  response  to  ETI  was  significantly  greater  with  C-MAC.  The  increase
in HR  started  with  the  laryngoscopy  procedure,  whereas  increases  in  SAP,  DAP,  and  MAP  started
immediately  after  ETI  (p  =  0.024;  p  =  0.012;  p  =  0.030;  p  =  0.009,  respectively).  In  group  anal-
yses, T1---T2,  T2---T3  and  T1---T3  comparisons  did  not  show  any  significant  differences  in  HR
with Airtraq.  However,  with  C-MAC,  HR  after  intubation  increased  significantly  compared  to
the pre-laryngoscopy  values  (T1---T3)  (p  =  0.004).  The  duration  of  laryngoscopy  was  significantly
reduced with  C-MAC  (p  <  0.001),  but  the  duration  of  intubation  and  total  intubation  were  similar
(p =  0.36;  p  =  0.79).
Conclusions:  Compared  to  C-MAC,  the  hemodynamic  response  to  ETI  was  less  with  Airtraq.
Thus, Airtraq  may  be  preferred  in  CABG  patients  for  ETI.
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Figure  1  The  angles  at  which  the  tangent  lines  cross  the  out-
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via  a  face  mask,  and  peripheral  venous  access  was  achieved
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ndotracheal  intubation  (ETI)  is  the  gold  standard  for  airway
aintenance  in  patients  who  are  scheduled  to  undergo  coro-

ary  artery  bypass  grafting  (CABG)  surgery  under  general
nesthesia.  Laryngoscopy  and  intubation  lead  to  sympa-
hetic  stimulation,  resulting  in  hypertension,  tachycardia,
nd  dysrhythmia.1 These  hemodynamic  changes  during  ETI
ay  cause  myocardial  ischemia  by  disrupting  the  bal-

nce  between  the  oxygen  supply  and  consumption  in  the
yocardium  in  patients  with  coronary  artery  disease.  Due

o  this  instability  in  hemodynamic  parameters,  the  severity
f  the  condition  will  further  increase.2,3 Therefore,  preven-
ion  of  the  hemodynamic  response  to  ETI  in  coronary  artery
isease  patients  who  are  scheduled  for  CABG  is  more  crucial
han  that  in  non-cardiac  affected  patients.

Another  problem  related  to  patients  who  are  scheduled
o  undergo  cardiac  surgery  is  that  the  possibility  of  a  difficult
irway  (DA)  is  greater  than  that  of  other  patient  groups  due
o  comorbid  diseases.4 Given  that  the  possibility  of  a  DA  is

 factor  that  is  independent  of  anesthetists,  it  is  important
o  reduce  the  hemodynamic  response  to  ETI.

During  ETI,  stimulation  of  the  supraglottic  area  by  laryn-
oscopy,  passage  of  the  endotracheal  tube  (ETT)  through
he  vocal  cords,  and  inflating  the  cuff  of  the  ETT  in  the
nfraglottic  area  induce  a  hemodynamic  response.2 Laryn-
oscope  design,  laryngoscopy  time,  and  lifting  power  are
mportant  in  the  magnitude  of  this  response.5 Videolaryngo-
copes  (VLs)  are  airway  devices  developed  for  use  in  a  DA,
nd  unlike  standard  direct  laryngoscopes,  VLs  allow  endotra-
heal  intubation  without  the  need  for  the  oral,  pharyngeal
nd  laryngeal  axes  to  be  aligned.6 VLs  improve  glottic  visu-
lization  and  reduce  trauma  to  laryngeal  structures.7 The
-MAC  VL  (Karl  Storz  GmbH  and  Co.  KG,  Tuttlingen,  Ger-
any)  is  a  fourth-generation  VL  and  provides  clear  image
uality;  its  camera  has  complementary  metal-oxide  semi-
onductor  (CMOS)  technology.  It  has  original  Macintosh  blade
hapes  (sizes  2,  3,  and  4),  and  it  has  a  D-Blade  shape  for
dults  with  DAs.  The  blade  is  manufactured  from  stain-
ess  steel,  and  the  proximal  finish  has  a  pronounced  flat
orm.  The  image  is  viewed  on  a  7-inch  (18  cm)  moni-
or  connected  to  the  electronic  module  attached  to  the
aryngoscope.8

The  Airtraq  VL  (Prodol,  Meditec  S.A.,  Vizcaya,  Spain)  has
 preformed  curvature  and  two  channeled  blades.  While  one
hannel  provides  placement  of  the  tracheal  tube,  the  other
hannel  ends  with  a  distal  lens.  Reusable  blades  are  avail-
ble  for  adult  and  pediatric  patients.  A  battery-operated
ight  source  is  located  at  the  end  of  the  blade.  The  image
s  transmitted  to  the  proximal  area  using  lens  and  prism
ombinations.9 Niforopoulou  P.  et  al.10 described  the  Air-
raq’s  blade  as  anatomically  shaped.  We  measured  the  angle
t  which  the  tangent  lines  cross  the  outermost  points  of
he  handle  and  blades  cross  with  each  other  (C-MAC  size
hree  blade  and  blade  size  3  [the  blue  blade]  for  the  Air-
raq).  We  found  that  this  angle  was  45  degrees  for  the
-MAC  and  78  degrees  for  the  Airtraq  VL  (Fig.  1A  and  B).
e  hypothesized  that  owing  to  its  blade  shape,  the  Airtraq
L  may  result  in  a  less  severe  hemodynamic  response  due

o  decreased  stimulation  of  oropharyngeal  structures  and
ess  lifting  force  used  during  laryngoscopy.  In  addition,  we
oncluded  that  the  presence  of  an  ETT  in  the  canal  dur-

i
(
s

54
rmost  points  of  the  handle  and  blades  between  the  Airtraq  and
-MAC VL.

ng  intubation  would  reduce  contact  with  the  oropharyngeal
tructures,  thus  reducing  the  hemodynamic  response  to  ETI.
e  aimed  to  compare  the  C-MAC  and  Airtraq  VLs  in  terms  of
emodynamic  response  to  ETI  in  CABG  surgery.

ethods

ifty  patients  aged  between  40  and  70  years,  classified
s  ASA  II---III  and  scheduled  for  elective  CABG  surgery
etween  April  2018  and  March  2019  were  included  in  this
rospective  randomized  study  after  ethics  approval  was
btained  from  the  local  ethics  committee  of  the  university
KOU-KAEK  2017-405,  NCT  number:  03483285).  The  patients
ere  informed  about  the  study,  and  written  consent  was
btained.  Those  with  a  history  of  difficult  intubation  or
nticipated  DA  (thyromental  distance  <  6  cm,  mouth  open-
ng  <  3  cm,  Mallampati  score  of  3  or  4,  temporomandibular
nd  atlantooccipital  joint  movement  restriction,  previous
ead  and  neck  surgery),  pregnancy,  abnormal  respiratory
unction  test,  hypoxia  or  hypercapnia  in  arterial  blood
as,  left  main  coronary  artery  disease,  poor  ventricu-
ar  ejection  fraction  (ejection  fraction  <  35%),  body  mass
ndex  (BMI)  greater  than  35  kg.m-2,  cardiac  valvulopathy  and
ardiovascular  autonomic  dysfunction,  and  hemodynamic
nstability  requiring  manipulation  and  medical  treatment
hypertension,  hypotension,  bradycardia,  and  tachycardia)
ere  excluded  from  the  study.  All  antihypertensive  and
ntianginal  medications  were  continued  until  the  morning
f  surgery,  except  angiotensin-converting  enzyme  inhibitors,
nd  angiotensin  receptor  blockers.

The  patients  were  premedicated  with  0.03  mg.kg-1 intra-
enous  (IV)  midazolam  before  being  transferred  to  the
perating  room.  Then,  5  L.min-1 oxygen  was  administered
n  the  antecubital  area  using  an  18G  catheter.  Heart  rate
HR)  was  measured  by  5-channel  electrocardiography,  and
tandard  peripheral  oxygen  saturation  (SpO2)  and  nonin-

9
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Figure  2  Con

asive  blood  pressure  monitoring  were  performed.  After
ocal  anesthesia  with  2%  lidocaine  and  1  �g.kg-1 IV  fen-
anyl  were  administered,  an  arterial  catheter  was  placed
efore  anesthesia  induction.  Anesthesia  was  induced  with

 mg.kg-1 thiopental,  5---7  �g.kg-1 fentanyl,  and  1  mg.kg-1 IV
ocuronium  in  all  patients  following  preoxygenation.  ETI  was
erformed  with  a  donut-shaped  pillow  (20.5  ×  7.5  ×  4.5  cm,
ction  Ltd.,  Maryland,  USA)  under  the  head,  with  the  head

n  neutral  position  and  when  the  train-of-four  response  was
ot  achieved.  Randomization  was  achieved  using  a sealed
nvelope  technique  performed  by  a  blinded  anesthesia  res-
dent.

In  the  C-MAC  group,  a  conventional  (C)  size  three  blade
as  used.  The  tongue  was  placed  to  the  left  side,  while  the
lade  was  advanced  into  the  mouth.  The  lower  end  of  the
lade  was  placed  in  the  vallecula,  and  videolaryngoscopy
as  suspended  until  laryngeal  structures  were  visualized  on

he  screen.  Then,  the  patient  was  intubated,  and  the  cuff

as  inflated.  For  the  Airtraq  group,  the  Airtraq  Avant  VL

Prodol  Meditec,  Las  Arena,  Spain)  and  a  size  3  blade  were
sed.  First,  the  ETT  was  loaded  into  the  channel,  and  then

fi

O

55
 flow  diagram.

he  Airtraq  VL  was  advanced  into  the  mouth  using  the  stan-
ard  technique.  Once  the  view  of  the  glottis  was  optimized,
he  tracheal  tube  was  passed  through  the  vocal  cords,  and
he  cuff  was  inflated.  The  tube  was  then  held  in  place  as  the
irtraq  VL  was  removed.  The  images  were  received  from

 video  system  incorporating  a  video  camera  attached  to
he  Airtraq  device  and  a  wireless  monitor.  A  cuffed  tracheal
ube  was  used  (size  7.0  in  women  and  size  8.0  in  men),  and
he  cuff  pressure  of  the  ETT  was  maintained  within  20  cm
2O  in  the  two  groups  until  extubation  of  the  patients.  In
he  C-MAC  group,  BURP  (consisting  of  backward,  upward,
nd  right-sided  pressure  on  the  thyroid  and  cricoid  carti-
age)  and  considerable  lifting  force  maneuvers  were  used  to
chieve  an  optimal  glottic  view.  A  semi-rigid  stylet  was  used
n  cases  of  unsuccessful  intubation  on  the  first  attempt.  In
he  Airtraq  group,  reinsertion  and  excessive  lifting  force  for
aryngoscopy  and  anti-clockwise  rotation  maneuvers  were
sed  for  intubation.  Correct  placement  of  the  ETT  was  con-

rmed  by  auscultation  of  bilateral  breath  sounds.

Anesthesia  was  maintained  with  40%/60%
2/air  +  desflurane  and  remifentanil  infusion.  All  decisions
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bout  these  manipulations  were  made  by  the  consultant
nesthetist  performing  anesthesia  induction.

All  airway  insertions  were  performed  by  the  same  anes-
hesiologist  with  10  years  of  experience  who  had  performed
t  least  30  intubations  with  the  two  airway  devices  in  a
linical  setting  before  the  study.  If  the  time  to  successful
ntubation  exceeded  2  minutes  or  after  three  attempts,  the
ttempt  was  considered  a  failure.  Cormack-Lehane  (C---L)
rades  were  recorded.  The  duration  of  laryngoscopy  was
efined  as  the  time  that  elapsed  from  insertion  of  the  blade
etween  the  incisors  until  optimal  glottic  visualization  was
chieved.  The  duration  of  intubation  was  defined  as  the
ime  interval  from  optimal  glottic  structure  visualization  to
nflation  of  the  tracheal  tube  cuff.  The  duration  of  total  intu-
ation  was  defined  as  the  time  from  insertion  of  the  blade
etween  the  incisors  until  inflation  of  the  tracheal  tube  cuff.

Hemodynamic  data,  including  the  invasive  arterial  blood
ressure  [systolic  arterial  pressure  (SAP),  diastolic  arterial
ressure  (DAP)  and  mean  arterial  pressure  (MAP)]  and  HR,
ere  recorded  at  six  different  time  points:  before  laryn-
oscopy  (T1),  during  laryngoscopy  (T2),  immediately  after
ntubation  (T3),  and  three  (T4),  five  (T5)  and  ten  (T6)  min-
tes  after  intubation.  Intraoperative  complications,  such  as
ucosal,  lip,  and  dental  damage,  were  recorded.  Data  were

ollected  by  unblinded  anesthesia  residents  in  the  operat-
ng  room.  The  patients  were  questioned  about  postoperative
omplications  (sore  throat,  hoarseness,  and  dysphagia)  by  a
linded  anesthesiologist  2  and  24  hours  following  extubation
n  the  postoperative  cardiovascular  intensive  care  unit.

The  primary  aim  of  this  study  was  to  compare  the
ncrease  in  HR  between  the  Airtraq  and  C-MAC  devices  dur-
ng  intubation.  Our  secondary  aims  were  to  measure  blood
ressure,  laryngoscopy  and  intubation  time,  total  tracheal
ntubation  time,  stylet  use,  maneuvers  used  for  an  optimal
lottic  view  and  minor  postoperative  complications,  such  as
ucosal,  dental  and  lip  damage,  sore  throat,  dysphagia,  and

oarseness.

ample  size

n  a  previous  study,  immediately  after  intubation,  the  HR
as  not  increased  after  tracheal  intubation  with  the  Airtraq
L  in  cardiac  surgery  patients.11 Another  study  assessed  the
R  changes  during  intubation  and  reported  that  compared
o  other  VLs,  the  C-MAC  device  increased  the  HR  significan-
ly  after  intubation  (baseline  83.00  ±  16.80  vs.  93.65  ±  15.50
eats.min-1).12 According  to  these  findings,  we  hypothe-
ized  that  the  increase  in  HR  during  ETI  with  the  Airtraq  VL
ould  be  20%  lower  due  to  the  available  form  of  the  device.

wenty-two  patients  were  required  for  each  group.  Thus,
he  alpha  was  0.05,  and  the  power  was  80%.  Considering  the
ossibilities,  we  planned  for  25  patients  in  each  group.

tatistical  analysis

he  analyses  in  this  study  were  performed  with  the  Sta-
istical  Package  for  the  Social  Sciences  version  21.  In  all

nalyses,  0.05  was  used  as  the  level  of  significance.  The
olmogorov-Smirnov  test  was  used  to  assess  normality,  and
evene’s  test  was  used  to  determine  homogeneity.  Normally
istributed  data  are  presented  as  the  mean  ±  standard  devi-

A
r
p
b

55
logy  2023;73(5):548---555

tion,  and  the  median  and  1  st  (Q1)  and  3rd  quartile  (Q3)
25---75%)  values  are  presented  for  non-normally  distributed
ariables.  Frequencies  and  percentages  are  presented  for
on-parametric  variables.

For  normal  and  homogeneous  distributions,  indepen-
ent  t-tests  were  applied  for  between  group  comparisons.
or  normal  and  non-homogeneous  distributions,  the  Mann-
hitney  U  test  was  applied  for  between-group  comparisons.
he  association  between  two  categorical  variables  was
xamined  by  Chi-square  test.  The  Bonferroni  test  was  used
o  assess  repeated  variables.

esults

ne  patient  in  the  Airtraq  group  died  in  the  early
ostoperative  period,  and  this  patient  was  excluded
ecause  postoperative  complications  could  not  be  evalu-
ted.  Another  patient  in  the  C-MAC  group  who  received
asopressors  and  atropine  for  severe  hypotension  and  brady-
ardia  during  induction  was  excluded  from  the  study.  Data
rom  48  patients  were  included  in  the  analysis  (Fig.  2).

Patients  were  similar  in  terms  of  demographic  char-
cteristics  and  medications.  Airway  characteristics  and
aryngoscopic  views  as  assessed  by  the  C-L  grades  were  sim-
lar.  The  duration  of  laryngoscopy  was  significantly  shorter
ith  the  C-MAC  device  (p  <  0.001),  but  the  duration  of  intu-
ation  and  total  intubation  were  similar  between  the  groups
p  =  0.360;  p  =  0.793).  Intubation  success  rates  on  the  first
ttempt  were  similar  (p  =  0.752).  Intubation  was  achieved  in
ll  patients.  The  numbers  of  patients  requiring  maneuvers
or  laryngoscopy  and  ETI  were  similar  (Table  1).

The  HR  was  significantly  higher  from  the  beginning  of
aryngoscopy  (T2)  until  5  minutes  after  intubation  (T5)  in  the
-MAC  group.

The  SAP,  DAP,  and  MAP  were  increased  significantly  at  the
nd  of  intubation  (T3) in  the  C-MAC  group,  and  this  increase
ontinued  until  5  min  after  intubation  (T5)  for  the  SAP  and
ntil  10  minutes  after  intubation  (T6)  for  the  DAP  and  MAP
Table  2).

In group  analyses,  T1---T2,  T2---T3 and  T1---T3 comparisons
id  not  reveal  any  significant  increases  in  HR  in  the  Airtraq
roup.  However,  in  the  C-MAC  group,  the  HR  after  intubation
as  significantly  increased  compared  to  the  prelaryngoscopy
alue  (T1-T3) (p  =  0.004).  No  significant  increases  in  arte-
ial  blood  pressure  were  observed  in  the  Airtraq  group.
owever,  in  the  C-MAC  group,  the  SAP  and  MAP  were  signi-
cantly  increased  after  intubation  compared  to  the  values
ecorded  during  laryngoscopy  (T2---T3)  (p  =  0.036;  p  =  0.014,
espectively)  (Table  3).

The  incidence  of  hoarseness  was  significantly  increased
n  the  Airtraq  group  compared  with  the  C-MAC  group  at
he  2nd  hour  after  extubation  (45.8%;  8.3%,  p  =  0.008)  and
ecreased  to  a  similar  rate  at  the  24th  hour  after  extubation
p  =  0.609).  Other  complication  rates  were  similar  (Table  4).

iscussion
ccording  to  the  results  of  our  study,  the  hemodynamic
esponse  to  ETI  was  increased  with  the  C-MAC  VL.  When
lanning  our  study,  we  predicted  that  the  HR  would  increase
y  an  additional  20%  at  the  end  of  ETI  when  using  the  C-

1
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Table  1  Demographic  variables  and  airway  management  data.

Group  C-MAC  Group  Airtraq  p

Gender  (Male/Female);  n  (%)  17(70.80)/7(29.20)  19(79.20)/5(20.80)  0.740
Age (years);  mean  ±  SD  64.54  ±  7.71  61.45  ±  7.14  0.158
ASA (II/III);  n  (%)  9(37.50)/15(62.50)  7(29.20)/17(70.80)  0.760
BMI (kg.  m-2);  mean  ±  SD  27.27  ±  3.01  28.20  ±  3.59  0.339
Mallampati score;  1/2  12(50.00)/12(50.00)  13(54.20)/11(45.80)  1.000
n (%)
Mouth  openinga (cm);  med(Q1---Q3)  4.00(4.00---5.00)  4.00(4.0---5.00)  0.520
Thyromental distancea,b (cm);  med(Q1---Q3)  7.00(6.00---7.00)  7.00(6.00---7.00)  0.878
Sternomental distance  (cm);  mean  ±  SD  13.96  ±  1.00  14.33  ±  1.05  0.211
Mandibular protrusion  (A/B/C);  n  (%)  22(91.70)/2(8.30)/0(0.00)  23(95.8)/1(4.2)  /  0(0.0)  1.000
Dentition (own/partial/edentulous);  n  (%)  10(41.70)/8(33.30)/6(25.00)  12(50.00)/6(25.00)/6(25.00)  0.792
Comorbidity (HT/Diabet/COAH);  n  (%)  18(75.00)/3(12.50)/2(8.30)  18(75.00)/4(16.70)/1(4.20)  0.924
Medication (Beta  blocker/Ca  Antag/Bronchodilator);  n  (%)  20(83.03)/2(8.30)/2(8.30)  21(87.50)/2(8.30)/1(4.20)  0.836
Antiplatelet medication;  n  (%)  4(16.70)  6(25.00)  0.724
EF (%);  mean  ±  SD  0.52  ±  0.11  0.56  ±  0.10  0.118
Ventilation (one  hand/two  hands/two  hands  with  flush/impossible);  n  (%)  14(58.3)/10(41.7)/0(0.0)/0(0.0)  15(62.5)/9(37.5)/0(0.0)/0(0.0)  0.766
Duration of  laryngoscopy a (s);  med(Q1---Q3)  4.00  (3.00---4.00)  6.50(5.00---8.75)  <  0.001
Duration of  intubation  (s);  mean  ±  SD  11.63  ±  7.16  9.79  ±  6.56  0.360
Duration of  total  intubation  (s);  mean  ±  SD  16.04  ±  8.54  16.67  ±  7.82  0.793
Maneuver requirement  of  optimal  glottic  view;  n  (%)  6(25.00)  6(25.00)  /  1.000
Cormack---Lehane scores  (1/2/3/4);  n  (%)  12(50.0)/7(29.16)/4(16.66)/1(4.16)  15(62.5)/4(16.66)/4(16.66)/1(4.16)  0.765
Maneuver requirement  for  intubation;  n  (%)  6(25.00)  8(33.30)  0.752
First attempt  success  rate  of  intubation;  n  (%)  18(75.00)  16(66.70)  0.752
SpO2 ;  med(Q1---Q3)a 97.00(96.00---97.00)  97.00(96.00---97.50)  0.659
SpO2<90;  n  (%)  2(8.30)  1(4.20)  1.000
Duration of  surgery  (min);  mean  ±  SD  338.13  ±  73.35  307.29  ±  79.70  0.170
Time to  extubation  (h);  mean  ±  SD  9.21  ±  3.83  10.38  ±  8.73  0.550

ASA, American Society of Anesthesiologists; BMI, Body mass index; BSA, Body surface area; EF, Ejection fraction; HT, Hypertension; SD, Standard deviation.
Normal distributed parametric variables were calculated by t-test.
Non-normal distributed parametric variables were calculated by Mann-Whitney U Test.
Data are presented as mean ± SD, median (Q1--- Q3) (25---75 percentile) or frequency (and %) of patients.

a Not normal distributed in C-MAC VL.
b Not normal distributed in Airtraq VL.
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Table  2  Hemodynamic  variability  data  are  compared  between  the  Groups.

Group  C-MAC  Group  Airtraq  Difference  %  between  groups  pa,b

Heart  Rate T1 70.83  ±  12.33  65.33  ±  9.80  8%  0.094
T2 72.79  ±  12.79  64.75  ±  11.10  12%  0.024
T3 79.71  ±  13.31  66.46  ±  11.44  20%  0.001
T4 69.75  ±  7.78  64.75  ±  7.88  8%  0.032
T5 71.54  ±  16.28  61.33  ±  10.83  17%  0.014
T6 70.63  ±  12.96  63.92  ±  13.07  10%  0.081

Systolic
Arterial
Pressure

T1 123.08  ±  12.60  118.42  ±  14.22  4%  0.235
T2 110.25  ±  28.75  107.58  ±  20.38  2%  0.713
T3 129.00  ±  24.39 112.25  ±  19.90 15%  0.012
T4 114.50  ±  11.80 103.46  ±  12.83 11%  0.003
T5 108.88  ±  11.33 96.21  ±  17.59 13%  0.005b

T6 99.83  ±  7.45  97.71  ±  11.09  2%  0.440
Diastolic
Arterial
Pressure

T1 67.88  ±  7.86  64.63  ±  8.68  5%  0.181
T2 60.50  ±  5.28  58.38  ±  5.19  4%  0.166
T3 66.58  ±  11.53  58.13  ±  14.53  15%  0.030
T4 63.08  ±  9.35  56.08  ±  8.31  12%  0.009
T5 61.17  ±  9.00  55.38  ±  4.86  10%  0.039b

T6 62.79  ±  5.12  59.42  ±  4.50  6%  0.019
Mean
Arterial
Pressure

T1 86.28  ±  7.37  82.56  ±  8.86  5%  0.120
T2 77.08  ±  11.57  74.78  ±  8.13  3%  0.429
T3 87.39  ±  14.23  76.17  ±  14.42  15%  0.009
T4 80.22  ±  8.26  71.88  ±  7.43  12%  0.001
T5 77.07  ±  8.40  68.99  ±  7.85  12%  0.001
T6 75.14  ±  4.52  72.18  ±  4.96  4%  0.036

T1, Before laryngoscopy; T2, During laryngoscopy; T3, Immediately after intubation; T4, Three minutes after intubation; T5, Five minutes
after intubation; T6, Ten minutes after intubation.
Values were presented as mean ± sd.

a t-test is used for analyzing the difference of means between groups.
b Since the homogeneity was not achieved. Mann-Whitney U Test was applied.

Table  3  Variables  among  groups  at  different  measure  times.

Group  C-MAC  Group  Airtraq

Difference  %  p  Difference  %  p

Heart  Rate T1 ---  T2 2.76  1.000  -0.89  1.000
T1 ---  T3 12.53  0.004a 1.72  1.000
T2 ---  T3 9.50  0.060  2.64  1.000

Systolic
Arterial
Pressure

T1 ---  T2 -10.43  0.831  -9.15  0.076
T1 ---  T3 4.81  1.000  -5.21  0.716
T2 ---  T3 17.01  0.036b 4.34  1.000

Diastolic
Arterial
Pressure

T1 ---  T2 -10.87  0.004c -9.67  0.029c

T1 ---  T3 -1.90  1.000  -10.06  0.397
T2 ---  T3 10.06  0.099  -0.43  1.000

Mean
Arterial
Pressure

T1 ---  T2 -10.66  0.036c -9.42  0.002c

T1 ---  T3 1.29  1.000  -7.74  0.498
T2 ---  T3 13.37  0.014b 1.86  1.000

T1, Before laryngoscopy; T2, During laryngoscopy; T3, Immediately after intubation.
Bonferroni Test was used to find difference between measured times.

a Within-group comparison of T1 and T3.

M
i
h

b Within-group comparison of T2 and T3.
c Within-group comparison of T1 and T2.
AC  VL.  Table  2  reveals  that  the  T3 value  was  20%  higher
n  the  C-MAC  group,  and  these  results  support  our  initial
ypothesis.  While  the  increase  in  HR  with  the  C-MAC  VL

s
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tarted  with  the  laryngoscopy  procedure,  the  ETI  procedure
as  effective  in  increasing  blood  pressure.  As  noted  in  our

nitial  hypothesis,  we  suggest  that  due  to  the  anatomical
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Table  4  Postoperative  complications.

Group  C-MAC  Group  Airtraq  p

Mucosal  damage  0(0.0)  2(8.3)  0.489
Lip damage  1(4.2)  0(0.0)  1.000
Dental damage 2(8.3)  0(0.0)  0.489
Sore throat  2nd h  2(8.3)  0(0.0)  0.751
Sore throat  24th h  1(4.2)  0(0.0)  1.000
Dysphagia 2nd h  1(4.2)  3(12.5)  0.609
Dysphagia 24th h  1(4.2)  1(4.2)  1.000
Hoarseness  2nd h  2(8.3)  11(45.8)  0.008
Hoarseness  24th h  1(4.2)  3(12.5)  0.609
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Data were expressed as frequency (%) of patients.

hape  of  the  Airtraq  VL,  the  wide  angle  between  the  handle
nd  blade  reduces  the  hemodynamic  response  by  reducing
ompression  of  the  laryngeal  structures  during  laryngoscopy.
he  increased  blood  pressure  response  during  ETI  was  longer
han  the  increase  in  HR.

According  to  Table  3,  which  presents  the  changes  within
roups  at  different  times,  it  can  be  argued  that  almost  no
emodynamic  response  was  obtained  with  the  Airtraq  VL.

Although  the  increases  in  HR  and  MAP  of  greater  than  10%
chieved  with  the  C-MAC  VL  are  below  the  value  that  would
e  considered  clinically  significant,  these  increases  may  lead
o  important  consequences  in  hypertensive  and  tachycardic
atients  during  CABG  surgery.2,3

In  our  study,  the  duration  of  laryngoscopy  with  the  C-
AC  VL  was  reduced  compared  to  that  with  the  Airtraq  VL.
he  C-MAC  is  a  Macintosh-type  VL.  The  shorter  laryngoscopy
ime  with  the  C-MAC  VL  may  be  related  to  our  familiarity
nd  practice  with  Macintosh  laryngoscopy,  which  has  been
sed  since  the  first  day  of  anesthesia  training.  Macintosh
aryngoscope  blades  were  defined  by  Macintosh  in  1943  and
ave  since  been  indispensable  for  intubation  applications
n  and  out  of  the  operating  room.13 Ng  I  Hill  et  al.14 also
eported  that  anesthetists  were  more  familiar  and  comfort-
ble  with  the  Macintosh  blades  on  the  C-MAC  VL.  Although
eports  suggest  that  the  hemodynamic  response  increases
ith  increasing  laryngoscopy  time,  some  studies  support

hat  shorter  laryngoscopy  periods  do  not  always  result  in
ewer  hemodynamic  responses.15,16 In  our  study,  although
he  laryngoscopy  time  with  the  C-MAC  VL  was  shorter  than
hat  with  the  Airtraq  VL,  the  hemodynamic  response  did  not
ecrease,  which  supports  the  studies  that  indicated  that  the
aryngoscopy  duration  and  the  hemodynamic  response  are
ot  always  directly  proportional.

The  Airtraq  is  a  tube-channeled  VL.  Although  some
uthors  argue  that  tube-channeled  VLs  result  in  shorter  intu-
ation  times  than  non-channeled  VLs,  others  have  reported
he  opposite  finding.17,18 We  evaluated  the  laryngoscopy
ime,  intubation  time  and  total  intubation  time  separately
o  investigate  the  contribution  of  the  channel  in  the  Airtraq
L  to  the  intubation  time  and  the  hemodynamic  response
hat  occurs  during  these  times.  In  our  study,  the  intuba-
ion  time  was  similar  in  both  VLs,  showing  that  Airtraq’s

hannel  does  not  provide  any  advantage  in  intubation.  Both
he  VL  intubation  and  total  intubation  times  were  simi-
ar;  however,  the  hemodynamic  response  was  greater  with
he  C-MAC  VL,  indicating  that  the  intubation  time  was  not

r
s

p

55
lways  directly  proportional  to  the  hemodynamic  response.
n  tube-channeled  VLs,  such  as  the  Airtraq,  pre-insertion  of
he  ETT  into  the  guide  channel  was  reported  to  reduce  the
eed  for  a  stylet  and  external  laryngeal  manipulation  for
ntubation,  which  would  reduce  the  hemodynamic  response
nd  provide  an  advantage  in  favor  of  tube-channeled  VLs.5

n  our  study,  the  number  of  patients  who  required  maneu-
ers  to  obtain  optimal  laryngeal  visualization  and  intubation
ere  similar  in  both  groups.  Therefore,  we  suggest  that

he  effect  of  the  Airtraq  VL  regarding  prevention  of  the
emodynamic  response  to  ETI  was  not  based  on  reducing
he  need  for  a  stylet  and  maneuvers.  At  the  end  of  ETI,
he  decreased  hemodynamic  response  with  the  Airtraq  VL
an  be  explained  by  the  fact  that  the  ETT  has  less  contact
ith  the  oropharyngeal  structures  due  to  the  channel.  In
ur  study,  the  incidence  of  hoarseness  was  higher  with  the
irtraq  VL  at  the  2nd  hour  after  extubation  and  regressed
o  similar  levels  to  the  C-MAC  VL  at  24  hours.  Postopera-
ive  hoarseness  is  observed  in  14.5---50%  of  patients  who
ndergo  ETI  and  is  mostly  transient.19 Its  causes  include
dema,  hematoma,  laceration,  damage  to  the  tracheal  mus-
le  layer  and  cartilage  tissue,  arytenoid  subluxation,  vocal
ord  granuloma,  and  laryngeal  stenosis.  Various  reports  have
ndicated  that  the  shape  of  the  Airtraq  blade  is  associated
ith  an  increased  risk  of  airway  trauma.20 Especially  in
atients  with  limited  mouth  opening,  the  Airtraq  VL  may
ause  oropharyngeal  trauma  and  mucosal  damage  on  the
ight  side,  depending  on  the  tube  channel,  if  adequate  care
s  not  taken.  The  authors  therefore  noted  that  a  manufac-
uring  modification  is  required  for  the  Airtraq  VL.20 In  our
tudy,  macroscopic  signs  and  symptoms  that  would  indicate
rauma  to  the  upper  airway  mucosa  were  identical  with  both
aryngoscopes.  Perhaps  a  study  including  routine  endoscopic
aryngeal  examination  following  extubation  of  patients  intu-
ated  with  the  Airtraq  VL  should  be  planned  to  detect
icroscopic  damage.  An  attempt  was  made  to  exclude  other

actors  that  may  contribute  to  hoarseness  by  maintaining  a
onstant  cuff  pressure  at  20  cmH2O,  using  an  ETT  size  8.0
n  men  and  ETT  size  7.0  in  women  and  performing  similar
nesthesia  methods  in  both  groups.

The  limitation  of  our  study  is  moderately  high-dose  fen-
anyl  (5---7  �g.kg-1) which  may  suppress  the  hemodynamic

esponse  and  cannot  be  generalized  for  the  non-cardiac
urgery  population  in  routine  anesthesia  practice.

The  reasons  for  differences  in  results  of  studies  com-
aring  the  performance  of  the  C-MAC  and  Airtraq  VL
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n  non-cardiac  surgery  may  include  the  experience  of
ractitioners,21,22 position  of  the  head  and  neck  dur-
ng  laryngoscopy  (cervical  spine  immobile-neutral-inline
tabile-neutral),  primary  outcomes,23,24 study  groups,  and
nthropologic  differences.25,26

Until  the  conclusion  of  the  present  study,  there  were
o  published  studies  comparing  the  C-MAC  and  Airtraq
L  in  cardiac  surgery  were  available,  but  the  C-MAC
nd  Airtraq  VL  were  individually  compared  to  the  Macin-
osh  DL.  One  of  these  studies  reported  that  the  Airtraq
aryngoscope  provided  better  hemodynamics  than  the  Mac-
ntosh  laryngoscope.11 In  the  other  study,  the  C-MAC
nd  Macintosh  laryngoscopes  provided  similar  and  stable
aemodynamics.27 In  their  non-randomized  study,  Schälte
t  al.3 found  the  Airtraq  VL  to  be  safe  as  it  provided  stable
ntubation  in  patients  undergoing  high-risk  cardiac  surgery.

In  conclusion,  the  hemodynamic  responses  to  ETI  were
ess  common  with  the  Airtraq  VL  compared  to  the  C-MAC.
hus,  the  Airtraq  VL  may  be  preferred  for  ETI  of  CABG
atients.  Further  investigations  are  needed  to  demonstrate
he  clinical  superiority  of  the  Airtraq  VL.
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TaggedPAbstract
Background: Awake fiberoptic tracheal intubation is an established method of securing difficult
airways, but there are some reservations about its use because many practitioners find it techni-
cally complicated, time-consuming, and unpleasant for patients. Our main goal was to test the
safety and efficacy of a 300-mm working length fiberscope (video rhino-laryngoscope) when used
for awake nasotracheal intubation in difficult airway cases.
Methods: This was a prospective, single-center study involving adult patients, having an ASA
physical status between I and IV, with laryngopharyngeal pathology causing distorted airway
anatomy. Awake nasotracheal intubation, using topical anesthesia and light sedation, was per-
formed using a 300 mm long and 2.9 mm diameter fiberscope equipped with a lubricated rein-
forced endotracheal tube. The primary outcomes were the success and duration of the
procedure. Patients’ periprocedural satisfaction and other incidents were recorded.
Results: We successfully intubated all 25 patients included in this study. The mean §SD duration
of the procedure, starting from the passage of the intubating tube through one of the nostrils
until the endotracheal intubation, was 76 § 36 seconds. Most of the patients showed no discom-
fort during the procedure with statistical significance between the No reaction Group with the
Slight grimacing Group (95%CI 0.13, 0.53, p = 0.047) and the Heavy grimacing Group (95%CI 0.05,
0.83, p = 0.003). The mean §SD satisfaction score 24 hours post-intervention was 1.8 § 0.86 −
mild discomfort. No significant incidents occurred.
Conclusions: Our study showed that a 300-mm working length flexible endoscope is fast, safe,
and well-tolerated for nasotracheal awake intubation under challenging airways.
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). TaggedEnd
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intubation;
Local anesthesia;
Patient satisfaction TaggedEnd
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TaggedPPatients with a tumoral or inflammatory pathology of the
base of the tongue, epiglottis, and glottic aperture, or a his-
tory of prior surgery or radiotherapy are at risk of difficult or
impossible facemask ventilation and tracheal intubation.1,2

These lesions may not be fully appreciated during standard
preoperative airway examination, as clinical signs and symp-
toms are often discrete.2,3TaggedEnd

TaggedPAwake fiberoptic intubation, with proper topical anesthe-
sia and sedation, is the gold standard in securing the airway
in such cases while maintaining spontaneous respiration and
airway reflexes.3−5 About 1% of all intubations are per-
formed in an awake state, most of them for head and neck
surgery, and the development of the new intubating tools
did not affect this proportion.5,6 The high safety profile and
rate of success when performed by experienced practi-
tioners, low incidence of complications, and, according to
some reports, excellent cardiovascular tolerance result in
an extensive presence of this technique in algorithms and
guidelines.5−7 Ultrasound and airway endoscopic evaluation
could complete a standard pre-anesthetic airway exam, and
it could lead to proper airway control strategy: awake or
not, supraglottic or invasive.2,7 While some reports suggest
that there is room for improvement in the majority of fatali-
ties related to airway control, some reservation about the
use of awake intubation persists for various reasons: fear of
failure, new devices which improved airway control, lack of
training, or time pressure of a busy operating room.8,9 Apart
from the conventional fiber bronchoscope, which is usually
600 mm long, some other tools also aid awake intubation,
with the video laryngoscope gaining field.9TaggedEnd

TaggedPAs it is a routine instrument in Otorhinolaryngology prac-
tice, office, or hospital, the flexible video rhino-laryngo-
scope has the advantage of being a minimally invasive easy
to handle fiberscope because of its 300 mm working length
and around 3 mm diameter.10,11 We found few references in
the literature, mostly case reports, regarding the use of a
flexible fiberoptic rhino-laryngoscope for awake endotra-
cheal intubation dating from the eighth decade of the last
century.12 TaggedEnd

TaggedPThis study aims to show that awake nasotracheal intuba-
tion performed with a minimal invasive 2.9 mm diameter,
300 mm working length fiberscope, could offer safety and
comfort to patients with challenging airways while using
low dose titrated sedation and carefully applied topical
anesthesia.TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPWe designed a prospective, observational, single-center
study with the agreement of the Ethics Committee no. 100/
12.02.2018, in accordance with the Declaration of Helsinki,
and registered with ClinicalTrials.gov, identification number
NCT03546088. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines were followed.
Between February 20, 2018, and December 25, 2018, we
included consecutive adult patients, ASA (American Society
of Anesthesiologists) physical status I−IV, with a SARI (Sim-
plified Airway Risk Index) score ≥ 4, presented with dis-
torted airway anatomy caused by laryngopharyngeal
557
TaggedEndTaggedPmasses, previous radiotherapy, and acute inflammation, and
referred for surgery under general anesthesia. An otorhino-
laryngology and preanesthetic airway exam, which included
flexible nasopharyngolaryngoscopy, concluded that awake
fiberoptic nasal intubation is the safest choice for securing
the airway, as the loss of spontaneous respiration or other
approaches of the airway could present a vital risk. TaggedEnd

TaggedPThe exclusion criteria were refusal for consent,
obstructed nasal passage, bleeding disorders, patients aller-
gic to the medication used within the trial, poor understand-
ing and cooperation, marked stridor with obstructing
respiratory failure. TaggedEnd

TaggedH2Patient preparation TaggedEnd

TaggedPThe patients were informed about the details of the proce-
dure and were asked for consent. In the operative room,
they were administered midazolam 0.5−1 mg IV (intrave-
nously), atropine 0.4 mg IV and nebulized lidocaine 2% via
facial mask for ten minutes. If the airway could have been
compromised by tissue edema, hydrocortisone 100 mg IV
was administered.13 The following step was to transfer the
patients to the operating theatre, where they were placed
in a sitting position on the adjusted operating table and
monitored. Oxygenation was supplemented via nasal can-
nula, as they were administered xylometazoline 0.1% and
lidocaine 10% nasal spray. We decided on a final manage-
ment plan after the trans-nasal fiberoptic airway evaluation
with the fiberoptic video rhino-laryngoscope (TELE PACK X
LED 11101 VP, Karl Storz, Germany). We identified the most
suitable nostril and evaluated if the passage of the tube
through the supraglottic and glottic space until mid-trachea
was possible.14 If the decision of awake intubation was still
considered the best option after this exam, the preparation
continued with midazolam 0.5−1 mg IV, fentanyl 0.05
−0.1 mg IV in titrated doses over 5 minutes until an Observ-
er’s Assessment of Alertness/Sedation Scale (OAA/S) of 4−5
was achieved: cooperative, oriented, and calm patient. We
omitted or titrated the sedation dose carefully in patients
for whom sedative medication was likely to worsen airway
obstruction. Then we topically administered 2% lidocaine,
first gargling, and then dripping with a curved oropharyn-
geal catheter under trans-nasal fiberoptic guidance as the
subject was encouraged to inspire and vocalize during
instilment. If the patient did not cough while dripping local
anesthetic in the larynx, we considered that we had
achieved a good level of anesthesia. We inserted a cotton
gauze soaked with lidocaine 4% in the chosen nostril along
the septum. We took care that the total dose of lidocaine
would not exceed 7 mg.kg�1 in total (nebulized and topi-
cally).TaggedEnd
TaggedH2Intervention TaggedEnd

TaggedPAfter 5−7 minutes from sedation and topical anesthesia, the
maneuver started with the flexible rhino-laryngoscope
(2.9 mm diameter, 300 mm working length) armed with a
cuffed reinforced intubating tube with 5.5−6.5 mm internal
diameter (ID), lubricated with 2% lidocaine gel. Training for
using the flexible rhino-laryngoscope consisted of perform-
ing perioperative endoscopic airway examination and awake
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TaggedEndTaggedPintubation to five patients before starting this research
under the guidance of an otorhinolaryngologist. TaggedEnd

TaggedPAlthough the working length (the flexible optical cord) of
the rhino-laryngoscope is 300 mm, an intubating tube, which
is 300 mm long, will fit perfectly and will not cover the artic-
ulated tip of the fiberscope because the handle of the transi-
tion part of the fiberscope will get covered by the tube. It
will help to hold the tube in a fixed position on the endo-
scope while advancing the tube-fiberscope assemble (Fig. 1).
As the 6.5-mm ID intubating tube is 32 cm long and it would
block the free movement of the fiberscope tip, we removed
the connecting piece during awake intubation and placed it
back when we connected the intubating tube to the anesthe-
sia machine, if we used an intubating tube of that size.TaggedEnd

TaggedPThe bevel of the intubating tube was oriented laterally
during nasal passage to lower the chance of injuring the infe-
rior concha. After the nasal passage of the fiberscope armed
with the tube, the fiberscope and tube slowly advanced,
with gentle movements, while maintaining verbal contact
with the subject until we visualized the glottis. This proved
to be challenging to achieve in some circumstances, such as
large oropharyngeal tumors or distorted anatomy, so we had
to reposition the subject’s head, either by rotating it left-
right or by flexion-extension movements until we could visu-
alize the glottis and achieve an alignment so we could
advance with the fiberscope and the tube through the glot-
tis. If the tube reaches the laryngeal inlet at a too sharp
angle, it is useful to withdraw and slowly rotate the tube 908
counter-clockwise or reposition the subject’s head, either by
rotating left-right or flexion-extension.15 We decided that
the investigator should have a single attempt for tracheal
intubation, during which the intubating tube should not be
withdrawn above the nasopharynx unless major complica-
tions occurred or the patient requested so. In such cases, we
considered that the procedure failed. Once it passed the
TaggedFigure
Figure 1 The fiber rhino-laryngoscope armed with a 6.0 rein-
forced intubating tube. The articulated tip is continuing the
tube, guiding it through the nasal passage until the trachea. TaggedEnd

558
TaggedEndTaggedPvocal cords, the tube is advanced to the level of the mid-tra-
chea, and the successful tracheal intubation is confirmed by
fiberscope view, spontaneous bag ventilation movement, and
capnography. Most studies state that the depth at which the
intubating tube should be inserted in case of nasotracheal
intubation is 26 cm for women and 28 cm for men, a recom-
mendation that we generally followed.16TaggedEnd

TaggedH2Data collection TaggedEnd

TaggedPThe primary outcome measure was the duration of the suc-
cessful procedure, starting from the beginning of the nasal
passage with the intubating tube until the confirmation of
the tracheal intubation, noticing the anesthesia machine
bag free movement and capnography waveform. During the
maneuver, we monitored blood pressure every minute during
the procedure, electrocardiogram, oxygen saturation and
kept continuous verbal contact with the subject. We used a
scale to mark the subject’s reaction during the process as
follows: 0, no response; 1, slight grimacing; 2, heavy grimac-
ing; 3, verbal protest; and 4, head and body movement. We
noted the results as markers of subject discomfort, which
was the second outcome measure. We also documented the
complications − epistaxis, pharyngolaryngeal bleeding or
injury, laryngospasm, heart rate disturbances, over-seda-
tion, respiratory or cardiac arrest, as well as incidents
occurring during the maintenance of anesthesia: intubating
tube displacement or inadequate lung ventilation. TaggedEnd

TaggedPPatients were asked to complete a satisfaction score of
the intubation procedure 24 hours after surgery in the form
of a visual analog scale (VAS). The scale was a line marked
with five grades of their discomfort during the procedure:
none, mild, moderate, very bad, and unbearable. Above
these written words, there was a 1 to 10 scale on which the
subjects noted their satisfaction score: 1, no discomfort; 10,
unbearable discomfort. TaggedEnd

TaggedPAll patients at risk of post-extubation complications fol-
lowed a extubating protocol, which included the ENT sur-
geon’s opinion, the leak test of the uncuffed tracheal tube,
and a fully awake and responsive patient. If the risk of
edema or bleeding was substantial, the tube was main-
tained for 24−48 hours with the patient sedated. We were
prepared to place an Airway Exchange Catheter, and the
fiberscope was at hand for airway evaluation and reintuba-
tion.17 An experienced team in anterior neck access was
also on stand-by. TaggedEnd

TaggedH2Sample size TaggedEnd

TaggedPAn audit of sample sizes for feasibility trials carried out in
the United Kingdom revealed a median (IQR) [Range] of 36
(20, 60) [10, 300].18 Starting from these results, we calcu-
lated the sample size based on the presumed success rate of
the procedure. Awake fiberoptic intubation carries a failure
risk of 1−1.5% in most large trials.5,6,19 We assumed that our
feasibility trial would have a failure rate of 10%, because of
the challenging airways and the lack of experience with a
new device. Therefore, the resulting sample size was 25,
considering an alpha level of 5%, a study power of 80%, and a
failure rate of 1% from the literature. Sample size calcula-
tions were performed with the help of the web platform
https://clincalc.com/stats/samplesize.aspx. TaggedEnd

https://clincalc.com/stats/samplesize.aspx


TaggedEnd Table 1 Patients’ characteristics.

Age mean § SD, years 60.7 § 11.6
Body mass index mean § SD, kg.m�2 22.6 § 3.6
Height mean § SD, m 1.76 § 0.06
Female sex, n (%) 3 (12)
Inter incisors gap < 2 cm, n (%) 6 (24)
ASA mean § SD 2.56 § 0.76
SARI mean § SD 5.16 § 0.98
Primary diagnoses, n (%)
Ludwig’s Angina 2 (8)
Epiglottis tumor 4 (16)
Larynx tumor 6 (24)
Hypopharynx tumor 2 (8)
Previous radiotherapy 2 (8)
Tongue base tumor 9 (36)

SD, standard deviation; ASA, American Society of Anesthesiolo-
gists physical status; SARI, Simplified Airway Risk Index.

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 556−562
TaggedH2Statistical analysis TaggedEnd

TaggedPThe variables studied were categorical except for the dura-
tion of intervention, which is numerical. We performed fre-
quency analysis and calculated the mean, median, standard
deviation (SD), and interquartile range (IQR) for all appropri-
ate variables. A value of p < 0.05 was considered statistically
TaggedEnd Table 2 Results.

Duration of the procedure, s Mean 76.04
95% Confiden
Lower Bound
Upper Bound
5% Trimmed M
Median 63.00
SD 36.15
Minimum 47.
Maximum 22
Range 180.00
Interquartile

Momentary discomfort
0, no response
1, slight grimacing
2, heavy grimacing
3, verbal protest
4, head and body movement

Mean 0.60
95% Confiden
Lower Bound
Upper Bound
5% Trimmed M
Median 0.00
Std. Deviatio
Minimum 0.0
Maximum 2.0
Range 2.00
Interquartile

24-hour satisfaction score
1, no discomfort
2, mild discomfort
3,4,5, moderate discomfort
6,7,8, very bad discomfort
9,10, unbearable discomfort

Mean 1.80
95% Confiden
Lower Bound
Upper Bound
5% Trimmed M
Median 2.00
Std. Deviatio
Minimum 1.0
Maximum 4.0
Range 3.00
Interquartile
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TaggedEndTaggedPsignificant. We tried to find correlations between the dis-
comfort during the procedure and the other variables and
between the satisfaction at 24 hours and the other variables.
The statistical tests used were Fisher’s exact test, Pearson’s
R, ANOVA, Spearman’s, and t-tests. TaggedEnd

TaggedPTo provide statistical analysis, we used SPSS� version 21
as well as JASP�. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPOver the eleven months, we recruited 32 consecutive
patients for this study. Seven of them were excluded from
the study during the preoperative trans-nasal fiberoptic
examination, because they pleaded for another type of air-
way approach. Table 1 presents the general features of the
patients included in the study.TaggedEnd

TaggedH2Main outcome TaggedEnd

TaggedPAll 25 patients included in this study, aged between 34 and
82 years, had their tracheas successfully intubated with the
flexible rhino-laryngoscope. The mean § SD duration of the
procedure, starting from the passage of the intubating tube
through one of the nostrils until the endotracheal intubation
confirmation by free bag movement and capnography, was
76 § 36 seconds (Table 2). TaggedEnd
ce Interval for Mean
61.11
90.96
ean 70.52

00
7.00

Range 32.00

Less than 60 s, n (%)
7 (28), p = 0.043

Between 60 and 90 s
13 (52), p = 1.000

More than 90 s
5 (20), p = 0.004

ce Interval for Mean
0.28
0.91
ean 0.55

n 0.76
0
0

Range 1.00

No reaction, n (%)
14 (56), p = 0.690

Slight grimacing
7 (28), p = 0.043

Heavy grimacing
4 (16), p < 0.001

ce Interval for Mean
1.44
2.15
ean 1.73

n 0.86
0
0

Range 1.00

No discomfort, n (%)
11 (44), p = 0.069

Mild discomfort
9 (36), p = 0.023

Moderate discomfort
5 (20), p = 0.004



TaggedEndI.F. Marchis, C. Zdrehus, S. Pop et al.
TaggedH2Patients’ satisfaction TaggedEnd

TaggedPThe patients tolerated the procedure well, remaining calm
and cooperative, and most of them showed no reaction dur-
ing the passage of the intubating tube, with statistical signif-
icance when comparing the group with no reaction with the
Slight grimacing group (95%CI − 0.13 to 0.53, p = 0.047) and
the Heavy grimacing group (95%CI − 0.05 to 0.83, p = 0.003).
The patients rated the maneuver with a mean § SD score of
1.8 § 0.86 − none to mild discomfort during the post-inter-
vention satisfaction score. Statistically, the 24-hour satisfac-
tion was not correlated with momentary discomfort but with
the duration of the procedure (p = 0.001). TaggedEnd

TaggedH2Complications and incidents TaggedEnd

TaggedPWe did not encounter any significant complications. Patients
were hemodynamically stable during the procedure with no
significant variation of heart rate or arterial pressure, the
lowest oxygen saturation recorded being 90%. One subject
presented transient epistaxis following the intubating tube
nasal passage, and one patient became slightly over sedated
with the possibility of airway compromise. The airway
pathology of the patients included in the study was in the
majority of tumoral nature (Fig. 2).TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPMany anesthesiologists have reservations about using awake
intubation because of the fear of failing, the lack of training,
or a previous bad experience with this technique.9,19 We
think that a 600-mm fiberscope may be challenging to
TaggedFigure

Figure 2 Some of the challenging cases. A) Glottis tumor, B)
Laryngeal tumor in a subject associating ankylosing spondylitis,
C) Epiglottic cyst, D) Base of tongue tumor.TaggedEnd
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TaggedEndTaggedPmaneuver for some practitioners, considering that an essen-
tial part of practitioners’ attention focuses on how to hold
the fiberscope in position, which alters their capacity to con-
centrate on advancing and introducing the fiberscope and
intubating tube between the vocal cords. Another undesired
scenario is to advance the fiberscope into the trachea only
to realize that the intubating tube does not fit the nostril, or
if one chooses the blind nasal passage, epistaxis or concha
injury may occur. “Railroading”, the only blind maneuver
when awake fiberoptic intubation is performed, is a critical
moment that carries some risks of impingement, airway
trauma, esophageal or bronchial intubation.20 When using a
300-mm fiberscope, there is no need to railroad the tube
over the fiberscope as they enter the glottis together, and
the fiberscope is extracted once the tube reaches the tra-
chea. If there is a pathology of the anterior airway or tris-
mus, other alternatives of awake intubation, besides the
fiberscope, may not be suitable.21TaggedEnd

TaggedPThe sitting position is ideal for awake intubation, offering
both the practitioner and the patient more safety and com-
fort.22 More than that, in the case of lesions of the anterior
airway or large neck masses, chances are that the supine
position compromises an already reduced respiratory space.TaggedEnd

TaggedPPreoperative endoscopy performed with a flexible video
laryngoscope could bring valuable information regarding the
patency of the nasal cavity, the risks associated with tra-
cheal intubation when an airway pathology is present or if
the awake intubation is the best choice, and it could help
the practitioner to plan the steps for a successful
procedure.2,14 Ultrasonography and other imagistic exami-
nations could complete the airway exam.23 TaggedEnd

TaggedPWe believe that a patient with obstructive pathology
of the base of tongue, supraglottic and glottic structures
with a respiratory space large enough to accommodate a
5−5.5 mm diameter tube is an appropriate candidate for
our technique. The device was practical and versatile in
the case of large pharyngeal, supraglottic, or glottic
tumors where it is necessary to advance the intubating
tube very gentle without producing bleeding or swelling
of the tumoral tissue. On the other hand, when a 7-mm
ID or larger tube is needed, a longer fiberscope may be
the first choice. TaggedEnd

TaggedPBecause the flexible rhino-laryngoscope is thin, usually
around 3 mm in diameter, and easy to handle due to its
length, the procedure is well-perceived by patients with lit-
tle to no risk of hemorrhage and trauma.11TaggedEnd

TaggedPA shorter fiberscope is easy to manipulate with one hand,
leaving the other hand available for positioning the patient’s
head in a manner that aligns the glottis and the armed fiber-
scope. Urging the subject to protrude the tongue and to
take deep breaths during the glottis passage also proved
helpful in this matter. The fact that the tube is closely fol-
lowing the tip of the fiberscope helps practitioners through
the nasal passage and to anticipate the moment when the
tube is passing the glottis as the tip of the endoscope
reaches the larynx. Therefore, they may timely apply the
above-described measures or slightly rotate the tube when
an obstacle is encountered. TaggedEnd

TaggedPThe maneuver was straightforward in most cases, with
a significant advantage concerning intubation time when
compared to a study by Kramer and colleagues involving
patients with comparable airway pathology and experienced



TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 556−562
TaggedEndTaggedPinvestigators.24 They reported a median (IQR) intubation
time of 100 (50−300) s with a 96% success rate in a study
involving 50 patients. In our study, the median (IQR) duration
of the procedure was 63 (56−88), statistically faster with a
(95% CI − 38.9 to -9, p = 0,003) and a mean difference of
23.96 seconds. This suggests that our results are encourag-
ing, but not necessarily better since our study was carried
out in different conditions. TaggedEnd

TaggedPA faster and smooth procedure would reflect itself in
patients’ satisfaction, as proved by our study, with patients
reporting only minor discomfort or no discomfort, even
those cases with a particularly difficult airway, which
required more time for intubation. TaggedEnd

TaggedH2Limitations TaggedEnd

TaggedPThis study has some specific limitations. The number of
patients included in the study may be insufficient. We com-
pared the results of our study with other study results and
not with a control group; the patients’ satisfaction score
has been influenced by sedation and general anesthesia.
It is an observational single-center study that relies on
personal perception and the skill of a limited number of
investigators. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPOur study showed that a 300-mm working length, 2.9-mm
diameter flexible rhino-laryngoscope could be efficient
and well-tolerated when used for nasal awake intubation
in problematic airway patients who benefit from this kind
of airway approach. This tool is now widely available,
and it may be used for both airway assessment and con-
trol. More elaborate trials are necessary to confirm our
findings. TaggedEnd
TaggedH1Presentations TaggedEnd

TaggedPPreliminary data for this study were presented at The
National Congress of Otorhinolaryngology and Cervico-Facial
Surgery, Arad, Romania, 6-9 June 2018 and at The Fifth Diffi-
cult Airway Conference, Cluj Napoca, Romania, 21-23 June
2018 TaggedEnd
TaggedH1ClinicalTrials.gov identifier TaggedEnd

TaggedPNCT03546088, Registered 20 February 2018 - Retrospectively
registered, https://clinicaltrials.gov/ct2/show/NCT03546088TaggedEnd
TaggedH1Funding TaggedEnd

TaggedP“Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-
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grant number 1680/2018.TaggedEnd
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Abstract
Background  and  objectives:  In  this  study,  we  aimed  to  determine  the  risk  of  obstructive  sleep
apnea (OSA)  in  patients  undergoing  elective  surgery  and  its  relationship  with  difficult  intubation
(DI).
Methods:  This  prospective,  descriptive,  cross-sectional  study  was  conducted  between  Decem-
ber 2018  and  February  2020  in  the  anesthesiology  and  reanimation  service  of  a  training  and
research hospital.  The  study  included  patients  who  were  ASA  I---II,  18  years  of  age,  and  older
who underwent  elective  surgery  under  general  anesthesia.  A  form  regarding  the  baseline  char-
acteristics  of  the  participants  as  well  as  STOP-Bang  score,  Mallampati,  and  Cormack-Lehane
classification  was  used  to  collect  the  data.
Results:  The  study  included  307  patients.  It  was  determined  that  64.2%  of  patients  had  a  high
risk of  OSA.  The  presence  of  DI  (determined  by  repeated  attempts  at  intubation)  was  28.6%
in the  high-risk  OSA  group,  while  there  was  no  DI  in  the  low-risk  OSA  group.  A  statistically
significant  difference  was  found  between  the  groups  in  terms  of  OSA  risk  according  to  the
presence of  DI  according  to  repeated  attempts,  Cormack-Lehane  classification,  and  Mallampati
classification  (p  <  0.001).
Conclusion:  Due  to  the  high  rate  of  DI  in  patients  with  a  high  risk  of  OSA,  the  security  of  the
airway in  these  patients  is  endangered.  Early  clinical  recognition  of  OSA  can  help  in  designing
a safer  care  plan.

© 2021  Sociedade  Brasileira  de
open access  article  under  the  C
nc-nd/4.0/).

∗ Corresponding author.
E-mails: vozen81@gmail.com (V. Ozen), ozenurten@yahoo.com.tr (N.

ttps://doi.org/10.1016/j.bjane.2021.08.010
 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Ed

icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
 Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
C  BY-NC-ND  license  (http://creativecommons.org/licenses/by-

 Ozen).

itora Ltda. This is an open access article under the CC BY-NC-ND

https://doi.org/10.1016/j.bjane.2021.08.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2021.08.010&domain=pdf
https://orcid.org/0000-0002-2714-9046
https://orcid.org/0000-0003-3988-0474
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:vozen81@gmail.com
mailto:ozenurten@yahoo.com.tr
https://doi.org/10.1016/j.bjane.2021.08.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


and  N

I

O
a
a
d
c
w
i
e
i
a
o

p
i
t
t
m
s
s
T
d
h
a
d
b
t
s
p
m
3

i
t
m
i
i
r
e
O
6
m
o
u
p
d
t
o
w
a
c
c
t

l
u
O
t
s
u

s
e

i
w

M

T
d
t
F
t
(
i
t
p

e
r
d
h
p
s

S
o
g
a
v
p
t
w
r
p

p
c
l
a
p
s
e

O

F
r
w
l
u

M

V.  Ozen  

ntroduction

bstructive  sleep  apnea  (OSA)  is  a  common  and  often  undi-
gnosed  disease  that  causes  blood  oxygen  desaturation  as

 result  of  the  recurrent  collapse  of  the  upper  airways
uring  sleep.  OSA  causes  a  serious  increase  in  the  risk  of
omplications  that  may  occur  in  the  perioperative  period,  as
ell  as  poor  health  outcomes  in  the  long  term.1 Due  to  this

ncreased  perioperative  risk,  recently  published  guidelines
mphasize  that  the  presence  of  OSA  in  patients  should  be
dentified  to  raise  awareness  among  healthcare  profession-
ls,  reduce  the  risk  of  complications,  and  improve  patient
utcomes.1

The  presence  of  obstructive  sleep  apnea  is  an  inde-
endent  risk  factor  for  difficult  intubation  (DI),  making
t  difficult  to  ventilate  the  patient  with  a  mask.  Thus,
he  anesthesia  team  should  take  the  necessary  precautions
o  ensure  that  adequate  airway  patency  is  continuously
aintained.1 Patients  with  OSA  wake  up  repeatedly  from

leep  in  order  to  maintain  airway  patency,  causing  daytime
leepiness,  fatigue,  and  impairment  in  cognitive  functions.2

he  presence  of  OSA  causes  an  increase  in  the  risk  of  car-
iovascular  disease  and  therefore  mortality,  uncontrolled
yperglycemia  in  diabetic  patients,  death  from  traffic
ccidents  due  to  impaired  cognitive  functions,  and  the
evelopment  of  cancer.3 The  diagnosis  of  OSA  is  often  made
y  the  apnea-hypopnea  index  (AHI),  which  is  measured  by
aking  the  sum  of  the  number  of  apnea  and  hypopnea  events
een  per  hour  in  measurements  performed  by  polysomnogra-
hy  overnight.  An  AHI  is  between  5---14  per  hour  is  considered
ild  OSA,  between  15---29  is  considered  moderate  OSA,  and

0  and  above  is  considered  severe  OSA.4

In  a  systematic  review  evaluating  24  studies  conducted
n  the  general  population,  the  prevalence  of  OSA  was  found
o  be  between  6---17%,  and  it  was  established  that  it  is
ore  common  in  males,  obese  individuals,  and  elderly

ndividuals.5 Studies  have  confirmed  the  presence  of  OSA
n  3.3---66%  of  patients  who  underwent  surgery  and  were
eported  to  have  a  difficult  airway.  In  a  narrative  review6

valuating  10  studies,  the  incidence  of  DI  was  higher  in
SA  patients  than  in  non-OSA  patients  [56/386  (14.5%)  vs.
9/897  (7.7%);  p  =  0.0002].  It  has  also  been  revealed  that
ore  complications  are  seen  in  the  perioperative  and  post-

perative  period  in  patients  with  a  diagnosis  of  OSA  who
nderwent  intravenous  sedation,  general  anesthesia,  and
ostoperative  opioid  analgesia.7 Additionally,  the  risk  of  car-
iovascular  complications  from  general  anesthesia  is  2---3
imes  higher  in  patients  diagnosed  with  OSA.8 Although  the
pioid  dose  consumed  in  the  postoperative  period  in  patients
ho  underwent  surgery  with  and  without  OSA  diagnosis  in

 recent  study  was  similar,  the  incidence  of  pulmonary,
ardiovascular,  gastrointestinal,  renal,  and  thromboembolic
omplications  was  higher  in  patients  diagnosed  with  OSA
han  in  patients  without  OSA.9

Although  it  has  been  pointed  out  in  the  recently  pub-
ished  updated  guidelines  that  every  patient  with  plans  to
ndergo  surgery  should  be  screened  with  a  valid  and  reliable
SA  measurement  tool,1 it  is  stated  that  only  34.7%  of  anes-

hesiologists  perform  OSA  screening.10 It  was  observed  in  the
tudy  of  Singh  et  al.11 that  although  267  patients  who  were  to
ndergo  surgical  operation  were  diagnosed  with  moderate-
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evere  OSA,  92%  of  surgeons  and  60%  of  anesthetists  did  not
valuate  patients  for  the  presence  of  OSA.

The  aim  of  this  study  was  to  determine  the  risk  of  OSA
n  patients  undergoing  elective  surgery  and  its  relationship
ith  DI.

ethods

his  prospective,  descriptive,  and  relational  study  was  con-
ucted  in  the  anesthesiology  and  reanimation  service  of  a
raining  and  research  hospital  between  November  2018  and
ebruary  2020.  The  study  was  conducted  in  accordance  with
he  Declaration  of  Helsinki.  Local  ethics  committee  approval
meeting  date:  11/06/2018,  decision  no:  1030)  was  obtained
n  addition  to  the  necessary  permissions  from  the  hospi-
al  where  the  study  was  conducted  and  the  consent  of  the
atients.

Surgical  operations  of  the  ear,  nose,  throat,  urology,  gen-
ral  surgery,  and  joints  were  performed  under  general  and
egional  anesthesia  in  the  unit  where  the  study  was  con-
ucted.  An  anesthesiologist  was  present  in  the  unit,  which
as  a  total  of  four  operating  theatres.  After  the  operation,
atients  were  taken  to  the  recovery  unit  before  they  were
ent  to  the  clinic,  and  their  care  was  provided  by  two  nurses.

The  study  included  patients  who  were  ASA  (American
ociety  of  Anesthesiologists)  physical  status  I---II,  18  years
f  age  and  older  who  underwent  elective  surgery  under
eneral  anesthesia,  who  were  not  pregnant,  did  not  have
ny  psychiatric  disorder  that  prevented  communication,  and
olunteered  to  participate  in  the  study.  Patients  who  were
reviously  diagnosed  with  OSA  and  did  not  participate  in
he  study  were  excluded  from  the  study.  Documented  OSA
as  defined  as  an  OSA  diagnosis  based  on  a  previous  labo-

atory  or  portable  polysomnography  or  if  the  patient  had  a
rescription  for  continuous  positive  airway  pressure  for  OSA.

This  study  was  designed  based  on  the  hypothesis  that
atients  with  high-risk  OSA  were  at  increased  risk  for  DI
ompared  with  patients  with  low-risk  OSA.  Sampling  calcu-
ations  were  performed  using  the  GPower  3.1.9.4  program,
nd  according  to  the  Chung  et  al.12 study,  23.83%  of  the
atients  had  a  low  risk  of  OSA.  According  to  these  data,  the
ample  size  should  be  289  with  95%  power  and  5%  Type  1
rror.

utcomes

or  the  primary  outcome  measure,  we  aimed  to  assess  the
isk  of  OSA  and  its  relationship  with  DI.  The  STOP-Bang  score
as  used  to  detect  OSA  in  the  patients  before  surgery.  Mal-

ampati  classification  and  the  Cormack-Lehane  test  were
sed  to  evaluate  the  risk  of  DI  in  each  patient.

easurements
or  data  collection,  the  baseline  characteristics  of  the  par-
icipants,  STOP-BANG  score,  Mallampati  Classification,  and
ormack-Lehane  test  were  used.
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he  form  regarding  the  baseline  characteristics  of
he participants

he  semi-structured  questionnaire  developed  by
esearchers  was  used  after  relevant  literature
eview.1,2,8,11,13,14 The  form  includes  a  total  of  9  ques-
ions,  including  5  questions  regarding  the  patient’s  age,
ex,  height,  weight,  and  surgical  operation,  and  4  questions
egarding  postoperative  complications  with  blood  pressure,
eart  rate  and  oxygen  saturation  (SpO2).

TOP-Bang  Score

his  scoring  system  was  developed  by  Chung  et  al.,15 and  its
urkish  validity  and  reliability  are  reported  by  Acar  et  al.16

he  STOP-Bang  scoring  system  consists  of  eight  questions  in
otal,  and  the  questions  are  answered  as  yes  or  no. 1̈  poinẗis
iven  for  each  yes  answer  and 0̈  poinẗfor  a  no  answer.  If  the
otal  score  is  less  than  3,  it  is  determined  that  there  is  a  low
isk  of  OSA;  if  3  and  above,  there  is  a  high  risk  of  OSA.  In
his  study,  patients  were  divided  into  low-  and  high-risk  OSA
roups.

efinition  of  DI

e  used  three  tools  for  detecting  DI:

 Difficult  intubation  was  defined  as  both  a  2013-updated
report  on  practice  guidelines  for  management  of  the  diffi-
cult  airway  by  the  American  Society  of  Anesthesiologists17

and  the  study  of  Corso  et  al.14 as  a  maneuver  performed
with  a  correct  head  position  and  external  laryngeal  manip-
ulation  resulting  in:  a)  difficult  laryngoscopy,  defined  as
being  characterized  by  the  impossibility  of  obtaining  a
view  of  the  vocal  cords  even  after  the  best  external  laryn-
geal  manipulation;  b)  necessity  of  repeated  attempts.
Accordingly,  a  single  repeated  attempt  or  switch  to  a  dif-
ferent  blade  qualifies  as  DI.

 Mallampati  Classification:  This  classification  was  used  to
predict  the  risk  of  DI  in  the  patient.18 This  measure  has  4
classes:  class  1  -  soft  palate,  uvula,  and  pharyngeal  pillars
are  visible;  class  2  -  soft  palate,  uvula  are  visible;  class  3
-  soft  palate  and  base  of  uvula  are  visible;  class  4  -  soft
palate  is  considered  to  be  invisible.18,19 In  this  study,  it
was  established  that  patients  in  Mallampati  classes  3  and
4  had  a  risk  of  DI.18,19

 Cormack-Lehane  Classification:  The  vocal  cord  images
were  evaluated  between  class  1  and  class  4  using  a  laryn-
goscope  according  to  the  Cormack-Lehane  classification
system.  This  system  has  4  classes:  class  1  -  glottis  is
fully  visible;  class  2  -  glottis  partially  visible;  class  3  -
only  epiglottis  is  visible;  class  4  -  epiglottis  expressed  as
invisible.20 In  this  study,  the  presence  of  DI  was  estab-
lished  if  a  patient  had  a  Cormack-Lehane  grade  of  class  3
or  class  4,  indicating  poor  vocal  cord  imaging.21
ata  collection

ata  were  collected  by  investigators  prior  to  the  patient
ndergoing  surgery.  The  answers  to  the  first  5  questions  in
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he  questionnaire  regarding  the  baseline  characteristics  of
he  participants  were  taken  from  the  patient’s  medical  file.
ostoperative  variables  were  obtained  from  the  patient’s  file
n  the  recovery  unit.  The  patient’s  blood  pressure,  pulse  rate
nd  SpO2 values  were  routinely  measured  every  15  minutes
uring  the  first  hour  in  the  postoperative  recovery  unit.
hese  values  were  recorded  on  the  observation  form  by
urses  who  were  working  in  the  unit  and  who  were  unaware
f  the  research,  and  these  values  were  transferred  to  the
uestionnaire  by  the  researchers.

A  qualified  anesthesiologist  administered  anesthesia.
fter  the  patients  had  been  taken  to  the  surgical
able  with  no  premedication,  a  noninvasive  blood  pres-
ure  cuff,  peripheral  oxygen  saturation  measurement  and
-lead  electrocardiogram  were  tracked  in  a  regular  man-
er.  In  the  dorsum  of  the  hand,  a  20/22G  intravenous
atheter  was  placed  into  a  small  vein.  One  hundred  per-
ent  oxygen  was  derived  from  a  mask  for  2---3  minutes
t  5  L.min-1 for  denitrogenization,  which  was  adminis-
ered  by  voluntary  ventilation.  A  target-controlled  infusion
ump  administered  propofol  (10  mg.mL-1)  and  remifen-
anil  (50  �g.mL-1)  (OrchestraTM,  Fresenius  Vial,  France).
he  Minto  model  was  selected  for  remifentanil,  and  the
chnider  model  was  selected  for  propofol.  Propofol  was
et  at  a  target  effect-site  concentration  of  4.0  �g.mL-1.
emifentanil  was  set  at  a  target  effect-site  concentration
f  3.0  ng.mL-1.  After  remifentanil  administration,  propofol
as  administered,  and  the  target  effect-site  concentra-

ion  reached  3.0  ng.mL-1. Following  loss  of  consciousness,
.6  mg.kg-1rocuronium  (a  muscle  relaxant)  was  given  intra-
enously  (IV).  The  head  was  positioned  in  a  sniffing  position
o  facilitate  intubation  after  approximately  2  minutes,  when
aralysis  was  observed.  The  airway  was  then  assessed  and
raded  according  to  Cormack  and  Lehane’s  method,  without
ressing  upon  the  thyroid  cartilage,  for  optimum  exposure
f  the  glottis.

The  Mallampati  classification  was  evaluated  by  the
nesthesiologist  involved  in  the  study  prior  the  patient
ndergoing  surgery.  After  the  patient  was  placed  in  a  sit-
ing  position,  he/she  was  asked  to  open  his/her  mouth,  stick
is/her  tongue  out,  and  not  to  make  a  sound.  The  pharyngeal
tructure  of  the  patient  was  illuminated  with  an  appropri-
te  light  source  and  evaluated  according  to  the  Mallampati
lassification  system.

The  Cormack-Lehane  classification  was  evaluated  by  the
nesthesiologist  who  took  part  in  the  study,  using  a  Macin-
osh  blade  suitable  for  gender,  without  applying  pressure  to
he  jack  with  the  laryngoscope.  Intubation  was  performed
ith  a  Portex  tube,  and  the  number  of  attempts  at  intuba-

ion  was  recorded.
The  STOP-Bang  score  was  evaluated  by  the  anesthesiol-

gist  involved  in  the  study  before  the  operation.  The  neck
ircumference  of  the  patient  was  measured  with  a  suitable
ape  measure  by  a  nurse  who  was  unaware  of  the  research.
he  STROBE  checklist  was  used  for  reporting  the  study.

tatistical  analysis
BM  SPSS  Statistics  for  Windows,  Version  22.0  (SPSS;  IBM
orp.,  Armonk,  NY,  USA)  was  used  at  the  end  of  the  study
or  statistical  analysis  of  the  data  obtained.  The  compat-
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bility  of  the  obtained  measurement  values  to  a  normal
istribution  was  examined  with  the  Shapiro-Wilk  test.  The
edian  and  interquartile  range  (IQR)  were  used  to  represent

he  descriptive  statistics  of  continuous  numerical  variables.
umber  (n)  and  percentage  (%)  were  used  to  display  cate-
orical  variables.  Comparisons  regarding  data  that  did  not
how  a  normal  distribution  were  made  using  the  Mann-
hitney  U  test,  chi-squared  test,  or  Fisher’s  exact  test.  In

he  multigroup  analysis,  if  the  p-value  was  less  than  0.05,
he  Mann-Whitney  U  test  with  Bonferroni  Correction,  one  of
he  post  hoc  tests,  was  used  to  determine  which  group(s)
aused  the  difference.  In  statistical  decisions,  the  p  <  0.05
evel  was  considered  statistically  significant.

esults

he  study  included  307  patients.  There  were  197  patients
64.2%)  at  high  risk  for  OSAS  as  defined  by  a  STOP-BANG
core  of  3  or  higher.  Five  patients  were  awakened  after  three
nsuccessful  intubation  attempts  due  to  DI.  Age  (p  <  0.001)
as  significantly  higher  in  patients  with  high  OSA  risk  than

n  those  with  low  OSA  risk.  OSA  risk  was  found  to  be  signifi-
antly  higher  in  males  (p  <  0.001).  The  risk  of  OSA  was  found
o  be  low  in  obese  patients  (p  <  0.001).  A  statistically  sig-
ificant  difference  was  found  between  the  groups  in  terms
f  OSA  risk  according  to  operation  type.  According  to  the
onferroni  corrected  Mann-Whitney  U  test,  the  difference
riginated  from  the  patients  who  underwent  ENT  (p  <  0.001),
eneral  surgery  (p  =  0.002),  and  urology  (p  <  0.001)  opera-
ions.  Patients  in  the  ENT  group  had  a  high  risk  of  OSA
Table  1).

The  presence  of  DI,  based  on  the  need  for  repeated
ttempts  for  intubation,  was  28.6%  in  the  high-risk  OSA
roup,  while  there  was  no  DI  in  the  low-risk  OSA  group.  A
tatistically  significant  difference  was  found  between  the
roups  in  terms  of  OSA  risk  according  to  the  presence  of
I  based  on  the  need  for  repeated  attempts  (p  <  0.001),
ormack-Lehane  (p  <  0.001)  and  Mallampati  classification  (p

 0.001)  (Table  2).

iscussion

s  a  result  of  this  study,  64.2%  of  patients  had  a  high  risk  of
SA.  It  was  found  that  age  was  higher  in  patients  with  high
SA  risk,  and  males  had  a  high  risk  of  OSA.  The  risk  of  OSA
as  high  in  Mallampati  class  3  patients  who  underwent  ENT

urgery.  It  was  observed  that  the  patients  with  low  OSA  risk
ere  not  obese,  were  easily  intubated,  and  had  a  Cormack-
ehane  grade  of  1.

In this  study,  64.2%  of  the  patients  had  a  high  risk  of
SA,  and  35.8%  had  a  low  risk  of  OSA.  OSA  prevalence  is
igher  in  patients  undergoing  elective  surgery  than  in  the
eneral  population.  OSA  is  seen  in  one  of  every  4  men
nd  one  of  every  10  women  who  undergo  surgery.22 Finkel
t  al.23 screened  of  2,877  patients  scheduled  for  surgery  and
bserved  that  24%  had  a  high  risk  of  OSA,  and  81%  of  these
atients  did  not  have  a  prior  diagnosis  of  OSA.  Before  elec-

ive  surgery,  patients  should  be  checked  for  the  risk  of  OSA
ith  physical  examination  and  screening  tests.  In  a  previ-
us  study  it  was  observed  that  although  a  moderate  risk  of
SA  was  detected  in  38%  of  patients,  60%  of  anesthetists  and
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2%  of  surgeons  did  not  diagnose  OSA  prior  to  surgery.11 The
igh  prevalence  of  OSA  in  our  study,  similar  to  previously
eported  in  the  literature,  demonstrates  that  patients  were
ot  screened  for  OSA  risk  by  the  anesthesiologist  and/or  sur-
eon  before  the  operation.  With  this  in  mind,  it  is  important
o  note  that  the  American  Society  of  Anesthesiologists  also
ecommends  preoperative  screening  for  OSA.2

In  this  study,  it  was  observed  that  patients  with  a
ow  risk  of  OSA  did  not  experience  DI.  OSA  is  associated
ith  an  increased  incidence  of  DI,  increased  duration  of
ostanesthesia  care  unit  length  of  stay,  and  respiratory
nd  cardiovascular  complications  during  the  perioperative
eriod.24 Both  anesthesia  and  sleep  create  a  predisposing
actor  for  upper  airway  obstruction  by  causing  a  decrease  in
haryngeal  dilator  muscle  activity  and  lung  volume.25 OSA
auses  a  delay  (100---200  milliseconds)  or  deterioration  in
pper  airway  muscle  tone.  Hiremath  et  al.26 were  the  first
o  find  a  significant  relationship  between  the  presence  of
SA  and  DI  in  their  studies  with  polysomnography.  Chung
t  al.15 also  confirmed  the  presence  of  OSA  in  66%  of  patients
ith  DI.  Siyam  et  al.27 studied  36  surgical  patients  with
olysomnography-confirmed  OSA,  matching  two  or  three
emographically  controlled  patients  for  every  OSA  patient.
SA  patients  had  a  higher  incidence  of  DI  than  non-OSA
atients  [8/36  (21.9%)  vs.  2/77  (2.6%)].  In  the  study  by  Kim
t  al.,28 90  patients  with  polysomnography-confirmed  OSA
ere  compared  with  non-OSA  patients  matched  for  age  and

ex.  The  incidence  of  DI  was  higher  in  OSA  patients  than
n  non-OSA  patients  [15/90  (16.7%)  vs.  3/90  (3.3%)].  Liao
t  al.29 found  that  patients  with  OSA  had  difficult  intubation
OSA  vs  non-OSA:  20%  vs.  10%).  Similar  to  the  literature,  in
ur  study,  the  rate  of  DI  was  higher  in  patients  with  a  high
isk  of  OSA.

Many  ear,  nose,  and  tongue  disorders  may  lead  to  OSA.30

specially  in  patients  undergoing  ear-nose-throat  surgery,
ifficulties  are  often  encountered  in  providing  effective  ven-
ilation,  and  these  patients  with  a  history  of  the  difficult
irway  are  at  risk  for  the  development  of  OSA.31 The  con-
itions  that  cause  ENT-specific  surgical  operations  such  as
etrognathic  mandible,  nasal  obstruction,  and  enlarged  ade-
oids  and  tonsils  also  increase  the  risk  of  OSA.  Similar  to  the
iterature,14 the  risk  of  OSA  was  found  to  be  high  in  patients
ho  underwent  ENT  surgery  in  this  study.

Although  polysomnography  applied  in  the  laboratory  is
he  gold  standard  in  the  detection  of  obstructive  sleep
pnea,32 its  usage  rate  is  low  due  to  its  high  cost,  lack  of
vailability  in  every  hospital,  and  long  wait  times.  One  of
he  well-validated  questionnaires  suggested  by  the  Ameri-
an  Society  of  Anesthesiologists  in  the  evaluation  of  OSA  in
he  surgical  population  is  the  STOP-Bang  score.13 It  is  often
referred  because  of  its  fast  application  and  easy  use.12 The
ariables  of  age,  sex,  blood  pressure,  and  obesity  in  the
TOP-Bang  score  are  similar  to  the  literature  in  this  study14

s  the  variables  affecting  patients  with  high  OSA  risk.
There  is  evidence  of  OSA  pathogenesis  due  to  the  upper

irway  size  and  shape.33 The  Mallampati  class  is  an  easy  and
eplicable  method  for  determining  the  size  and  shape  of  the
pper  airways  and  is  validated  as  a  tool  to  assess  the  risk  of

I.34 Shah  et  al.30 revealed  that  a  one-unit  increase  in  the
allampati  score  increases  the  risk  of  OSA  more  than  1.5

imes.  In  the  study  of  Hukins,34 although  Mallampati  classes
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Table  1  Baseline  characteristics  of  study  patients  (n  =  307).

Variables  Low  risk  OSA  High  Risk  OSA  p-value
110 (35.8%)  197  (64.2%)

Age,  years  30  [22---38]  41  [25---47]  <0.001
BMI, kg.  m-2

Not  obese  (BMI  <  30)  108  (98.2)  137  (69.5)  <0.001
Obese (BMI  ≥  30)  2  (1.8)  60  (30.5)
Gender
Female 36  (32.7)  ---  <  0.001
Male 74  (67.3)  197  (100)

Type of  operation
Orthopedic  10  (9.1) 32  (16.2) <0.001
Genitourinary  26  (23.6) 8  (4.1)
General surgery  31  (28.2)  35  (17.8)
Otorhinolaryngologic  43  (39.1)  122  (61.9)

Comorbidities
Yes 2  (1.8)  11  (5.6)  0.146
No 108  (98.2)  186  (94.4)

Diabetes mellitus
Yes  ---  47  (3.6)  0.054
No 108  (100)  190  (96.4)

Hypertension
Yes 2  (1.8)  9  (4.6)  0.339
No 108  (98.2)  188  (95.4)

BMI, body mass index; OSA, Obstructive sleep apnea.

Table  2  Comparing  two  groups  according  to  presence  of  difficult  intubation  (n  =  307).

Variables  Low  risk  OSA  High  Risk  OSA  p-value
110  (35.8%)  197  (64.2%)

Mallampati  class
1 90  (81.8)  78  (39.6)  <0.001
2 20  (18.2)  77  (39.1)
3 ---  42  (21.3)

Cormack-Lehane  class
1 61  (55.5)  65  (33.0)  <0.001
2 49  (44.5)  72  (36.5)
3 ---  47  (23.9)
4 ---  13  (6.6)

DI according  to  Cormack-Lehane  Classification
Yes ---  60  (30.5)  <0.001
No 110  (100)  137  (69.5)

DI according  to  Mallampati  Classification
Yes ---  42  (21.3)  <0.001
No 110  (100) 155  (78.7)

DI according  to  repeated  attempt
Yes ---  55  (28.6)  <0.001
No 110  137  (71.4)

2
t
t
s
o
M

u

C
h
g
f

DI, difficult intubation.

 and  3  were  high  in  the  presence  of  OSA,  they  stated  that
here  was  no  relationship  between  Mallampati  1  and  4  and
he  presence  of  OSA,  and  suggested  that  the  use  of  the  clas-
ification  system  was  not  beneficial.  In  this  study,  it  was

bserved  that  the  risk  of  OSA  was  highest  in  patients  with
allampati  class  3.

The  Cormack-Lehane  classification  is  one  of  the  methods
sed  to  evaluate  the  risk  of  DI.35 In  the  literature,16 the

o

a
s

56
ormack-Lehane  grade  was  found  to  be  high  in  patients  at
igh  risk  of  OSA.  In  this  study,  patients  in  the  high-risk  OSA
roup  also  had  higher  Cormack-Lehane  grades.  The  reason
or  this  situation  can  be  demonstrated  by  the  high  presence

f  DI  in  patients  with  a  high  risk  of  OSA.

Our  study  has  a  few  limitations.  First,  the
pnea/hypopnea  scores  did  not  graduate.  Second,  the
moking  status  of  the  patients  was  not  recorded.  Third,
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nalysis  of  baseline  predictors  for  DI,  such  as  thyromental
istance,  interincisor  distance  and  dentition  was  not
eported  in  this  study.  The  risk  and  incidence  of  difficult
ask  ventilation  among  patients,  which  is  also  an  important

actor  in  difficult  airways,  was  not  assessed  in  this  study.
atients  who  had  difficult  mask  ventilation  after  muscle
elaxation  had  DI.  Last,  the  results  can  be  generalized  for
ur  country,  but  not  another  broader  population.

onclusion

n  conclusion,  it  was  observed  that  the  risk  of  OSA  was  high
n  patients  who  underwent  elective  surgery  under  general
nesthesia  and  that  the  presence  OSA  increases  the  risk  of
I.  Due  to  the  high  rate  of  DI  in  patients  with  a  high  risk
f  OSA,  the  security  of  the  patient’s  airway  is  endangered.
herefore,  it  is  necessary  to  use  screening  tools  in  operating
ooms  to  diagnose  OSA.  Early  clinical  recognition  of  OSA  can
elp  in  designing  a  safer  care  plan.  More  studies  evaluat-
ng  the  risk  of  OSA  in  patients  undergoing  surgical  operation
re  needed.  The  authors  recommended  that  patients  with
I  should  be  screened  for  OSA  and  considered  for  diagnosis
ith  polysomnography.
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TaggedPAbstract
Background: Predicting difficult direct laryngoscopies remains challenging and improvements
are needed in preoperative airway assessment. We conceived two new tests (the upper airway
angle and the glottic height) and assessed their association with difficult direct laryngoscopies as
well as their predictive performance.
Methods: A prospective cohort was conducted with 211 patients undergoing general anesthesia
for surgical procedures. We assessed the association between difficult laryngoscopies and modi-
fied Mallampati Test (MMT), Upper Lip Bite Test (ULBT), Mandibular Length (ML), Neck Circumfer-
ence (NC), Mouth Opening (MO), Sternomental Distance (SMD), Thyromental Distance (TMD),
Upper Airway Angle (UAA), and Glottic Height (GH). We also estimated their predictive values.
Results: Difficult laryngoscopy was presented by 12 patients (5.7%). Six tests were significantly
associated with difficult laryngoscopies and their area under the ROC curve, and 95% CIs were as
follows: UAA = 88.82 (81.86−95.78); GH = 86.43 (72.67−100); ML = 83.75 (72.77−94.74);
NC = 79.17 (64.98−93.36); MO = 65.58 (45.13−86.02); and MMT = 77.89 (68.37−87.41).
Conclusion: We have found two new features (the UAA and the GH) to be significantly associated
with the occurrence of difficult direct laryngoscopies. They also presented the best predictive per-
formance amongst the nine evaluated tests in our cohort of patients. We cannot ensure, however,
these tests to be superior to other regularly used bedside tests based on our estimated 95% CIs.
© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).TaggedEnd
TaggedEndTAGGEDPKEYWORDS
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TaggedH1Introduction TaggedEnd

TaggedPProblems with tracheal intubation are the main cause of
major airway-related complications during anesthesia and
may unfold some life-threatening conditions.1-3 Much effort
has then been made to find out a way of anticipating its
occurrence in order to prepare a suitable strategy to tackle
this scenario.4 However, despite the several bedside tests
for airway assessment described so far, none of them have
high accuracy to segregate easy and difficult intubations.4-11TaggedEnd

TaggedPThis poor ability we currently have to identify difficult
airways leads some anesthesiologists and researchers to
question the actual utility of undertaking a preoperative air-
way assessment.6 Notwithstanding, most airway guidelines
recommend preoperative airway assessments.12-15 TaggedEnd

TaggedPHowever, there is currently no consensus on what predic-
tor or combination of tests we should rely on. It is also prob-
lematic to figure whether an airway will be difficult to
manage when the patient holds predictors of ease and diffi-
culty simultaneously. These are some issues that along with
the inaccurate diagnostic performance of the available pre-
dictors highlight the need for seeking new approaches to
improve preoperative airway assessment. TaggedEnd

TaggedPAs such, we conceived the Upper Airway Angle (UAA) to
predict difficult Direct Laryngoscopies (DLs). Since DLs may
be defined as the impossibility to see glottic structures dur-
ing laryngoscopy and it comes from our inability to line up
the oral and the pharyngeal axes, we may assume that the
more acute the angle between the oral axis and the pharyn-
geal axis with the patient already in intubating position, the
more difficult the laryngoscopy tends to be.3,16-18 For the
sake of clinical applicability, we may also assume the line
linking the mentum to the mandibular angle (line 1) as being
representative of the oral axis, while the line linking the
mandibular angle to the anterior border of the thyroid carti-
lage (line 2) as being representative of the pharyngeal axis.
Therefore, the angle between lines 1 and 2 − the UAA
(Fig. 1) − might be associated with difficult direct laryngos-
copies. TaggedEnd

TaggedPFurthermore, as it seems well accepted that many differ-
ent factors may influence the unfold of a difficult airway,7 it
is also reasonable to accept that we might benefit from pre-
dictors carrying information from different parts of the
upper airway. Accordingly, we regard the UAA as a more
comprehensive test, since it encompasses information on
multiple features, as follows: mandibular shape − it changes
line 1 and mandibular angle; thyromental and sternomental
distances − they are expected to maintain correlation with
the UAA see Figure 1; glottic height − it moves line 2 and
hence changes the UAA; neck mobility − it is also assumed
to be directly correlated with the UAA; and others still. TaggedEnd

TaggedPWe also conceived an extra test: the glottic height (GH −
the height from the mandibular angle to the prominence of
the thyroid cartilage [Fig. 1]). We developed this test based
on the rationale that the antero-posterior glottic position
plays a prominent role in airway assessment − as inferred by
a recent systematic review with meta-analysis19 evaluating
the thyromental height test − the height between the ante-
rior border of the thyroid cartilage and the anterior border
of the mentum.20 TaggedEnd

TaggedPBased on the aforementioned, we primarily aimed to
evaluate whether difficult direct laryngoscopies would be
571
TaggedEndTaggedPassociated with both the UAA and the GH. Alternatively, we
assessed the predictive performances of these new features
and compared them with those of other widely used bedside
tests. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedH2Ethics TaggedEnd

TaggedPEthical approval for this study (n° 3.738.989) was provided
by the Ethical Committee of the Federal University of Per-
nambuco’s Teaching Hospital (Chairperson: Jos�e Ângelo
Rizzo) on December 2, 2019. TaggedEnd

TaggedPThis prospective study was performed at the surgical the-
ater of the Federal University of Pernambuco’s Teaching Hos-
pital between December 2019 and July 2021. The study
started only after Ethical Committee approval, and patients
were only included if they agreed to participate and signed
the informed consent form or the informed assent form in
the case of patients under 18 years of age.TaggedEnd

TaggedPWe included patients scheduled for surgery under gen-
eral anesthesia, aged > 15 years, and in a consecutive
series. We excluded patients submitted to awake laryn-
goscopy and patients not submitted to direct laryngos-
copy with a Macintosh blade, but no patient met the
exclusion criteria. The variables evaluated were age;
sex; height; weight; Body Mass Index (BMI); American
Society of Anesthesiologists (ASA) physical status; Modi-
fied Mallampati Test (MMT); Mouth Opening (MO); Mandib-
ular Length (ML); Neck Circumference (NC); Sternomental
Distance (SMD); Thyromental Distance (TMD); Upper Lip
Bite Test (ULBT); Upper Airway Angle (UAA); Glottic
Height (GH); and difficult laryngoscopy. TaggedEnd

TaggedPLaryngoscopy was described as difficult when the anes-
thesiologist, using direct laryngoscopy with the Macintosh
blade (Smiths Medical France Sas, 3‒5 rue du Pont des
Halles, 94656 Rungis, France), classified the patient as grade
3 or 4 according to the Cormack and Lehane classification
system.21TaggedEnd

TaggedPA preanesthesia evaluation was performed just before
surgeries assessing the predictors of difficult airways as fol-
lows: TaggedEnd

TaggedPMMT: Determined with patient seated; examiner’s eyes at
the level of patient’s mouth; and patient with her/his mouth
opened as widely as possible without phonation. The individ-
ual was then classified as Mallampati 1, 2, 3 or 4.22 TaggedEnd

TaggedPSMD: Distance in centimeters between the superior bor-
der of the manubrium sterni and the bony point of the men-
tum, measured by a millimeter ruler with the patient in
supine position, mouth closed, and head fully extended. TaggedEnd

TaggedPTMD: Distance in centimeters between the thyroid promi-
nence and the most anterior part of the mental prominence
of the mandible, measured by a millimeter ruler with the
patient in supine position, mouth closed, and head fully
extended. TaggedEnd

TaggedPULBT: Patients were asked to bite upper lip as high as pos-
sible with the lower incisors. Then, they were classified as
class I, lower incisors could bite the upper lip above the ver-
milion line; class II, lower incisors could bite the upper lip
bellow the vermilion line; and class III, lower incisors could
not bite the upper lip. TaggedEnd



TaggedFigure

Figure 1 Upper Airway Angle (UAA) and Glottic Height (GH). While patient lies supine with head fully extended and performing the
upper lip bite test, the angle made by lines 1 and 2 is the UAA and the height between the mandibular angle and the tip of the thyroid
cartilage is the GH.TaggedEnd

TaggedEndC.C. de Carvalho, D.M. da Silva, M.S. Leite et al.
TaggedPNC: Cervical perimeter measured with a ruler at the level
of the thyroid cartilage. TaggedEnd

TaggedPMO: Distance between the upper and the lower incisors
measured by a ruler with the mouth fully opened. TaggedEnd

TaggedPUAA: Angle formed by lines 1 and 2 (Fig. 1). Patients were
put in supine position, head fully extended without pads
under their occiputs, and performing the upper lip bite test.
The anatomic landmarks were assessed by physical exam
and discriminated on the skin surface by pen marks for pos-
terior measurement of the UAA. A side photo of the patient’s
face and neck was then taken by the back camera of an
Apple iPhone 11 Pro Max, model A2218 (Foxconn, Zhengz-
hou, China). The camera was placed at 30 cm from patient’s
head, 90 degrees with its bed − both measures ensured by
appropriate rulers. Later, the angle was measured from the
photo by Fiji, a free software program.23 The angle meas-
urements of all photos were performed by the first author
(CC), who also performed a second measurement for 50 ran-
dom patients eight weeks after the first assessment. We
invited a person not involved in any way with the research
to perform a third independent measure of the 50 randomly
chosen participants. These multiple measures were for
assessment of intra and inter-observer reliability. CC did not
take part of neither the pre-anesthetic assessment nor the
upper airway manipulations. TaggedEnd
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TaggedPGH: Height between the mandibular angle and the thy-
roid prominence with patients in the same position as for
the measurement of the UAA (Fig. 1). The GH was also taken
from the patients’ pictures with the aid of the Fiji software.
Multiple independent measures were also taken for assess-
ment of intra and inter-observer reliability as for the UAA. TaggedEnd

TaggedPML: Length between the mentum and the mandibular
angle. This measure was also taken from photos through the
Fiji software. TaggedEnd

TaggedPThe preanesthetic evaluation, including skin marks and
photo captures, was performed by the second author (DdaS)
and the third author (ML), who were not involved in induc-
tion of anesthesia or laryngoscopies. TaggedEnd

TaggedPFollowing intravenous access and routine monitoring (i.
e., ECG, pulse oximetry, and non-invasive blood pressure),
the patients were put in sniffing position and pre-oxygen-
ated for 3−5 minutes. General anesthesia was induced
according to the clinical judgment of the attending anesthe-
siologist − no standard protocol. After neuromuscular block-
ade, a manual facemask ventilation was performed for 3
minutes if the patient was not submitted to rapid sequence
intubation. The laryngoscopies and the tracheal intubations
were then carried out using the appropriate Macintosh blade
by one of the residents or attending anesthesiologists, who
were not aware of the preanesthetic evaluation. TaggedEnd
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TaggedH2Statistical analysis TaggedEnd

TaggedPData analysis was performed using the R project software
program.24 First, a descriptive analysis was performed,
with percentages and measures of central tendency and
dispersion (means and standard deviation, SD) being cal-
culated. For categorical variables, the chi-square and
Fisher’s exact tests were used. Student’s t-test was used
for quantitative variables with normal distribution, while
the Wilcoxon test was applied for those quantitative vari-
ables with non-normal distribution. We also evaluated
the presence of correlation between the Cormack and
Lehane classification and both the UAA and the GH by
the Spearman method. TaggedEnd

TaggedPWe built nine different univariable models and their ROC
curves and defined their AUC and further predictive values. TaggedEnd

TaggedPFor sample size calculation, we first conducted a pilot
study with 50 patients. The OpenEpi25, version 3 − a free and
open-source software program for epidemiological statistics
− was used for estimations with both confidence interval and
power of 95%.26 We considered a frequency of difficult laryn-
goscopy of 11%26 and employed data from the pilot study as
follows: UAA for easy laryngoscopy (mean = 63; SD = 11.9);
UAA for difficult laryngoscopy (mean = 46; SD = 3.6). The
sample size was then estimated in 14 patients (12 easy and 2
difficult laryngoscopies). As the pilot study had already sur-
passed the estimated sample for the primary objective, we
decided to collect data to evaluate the secondary objective:
predictive performance of the UAA. We assumed MMT sensi-
tivity to be 50% and specificity to be 80%.26 A sample of 12
positive outcomes would then be needed to catch a sensitiv-
ity of 90% for the UAA, at the same MMT specificity, for a p-
value of 0.039 and a power of 0.889.27TaggedEnd
TaggedH1Results TaggedEnd

TaggedPA total of 211 patients were enrolled for the study without
any exclusion (Fig. 2). Difficult laryngoscopy was present in

TaggedFigure

Figure 2 Diagram with the flow of
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TaggedEndTaggedP12 patients (5.7%). Age ranged from 15 to 84 years; weight
from 33 to 164 Kg; height from 130 to 188 cm; and BMI from
13.6 to 61.7 kg.m�2. Additional descriptive analysis is sum-
marized in Table 1.TaggedEnd

TaggedPIntubators’ experience ranged from less than one month
(novice residents) up to 32 years (experienced anesthetists). TaggedEnd

TaggedPThe observer variability for the UAA assessed by the intra-
class correlation coefficient was as follows: intra-observer
variability (ICC = 0.88; 95% CI: 0.80 to 0.93; p < 0.001) and
inter-observer variability (ICC = 0.96; 95% CI: 0.92 to 0.97; p
< 0.001). For the GH, we had the following values: intra-
observer variability (ICC = 0.92; 95% CI: 0.86 to 0.95; p <
0.001) and inter-observer variability (ICC = 0.98; 95% CI:
0.96 to 0.99; p < 0.001). TaggedEnd

TaggedPThe results from the bivariate analyses for difficult laryn-
goscopy are displayed in Tables 1 and 2. TaggedEnd

TaggedPThe Cormack and Lehane classification was negatively
correlated with the UAA (r = -0.22; p = 0.001) and positively
correlated with the GH (r = 0.14; p = 0.036). TaggedEnd

TaggedPWe built nine univariable predictive models for difficult lar-
yngoscopy: one for UAA; one for GH; one for ML; one for NC;
one for MMT; one for ULBT; one for MO; one for SMD; and one
for TMD. We also plotted the ROC curves (Fig. 3) and esti-
mated the Area Under the ROC Curve (AUC) for each model
(Table 2). The Youden index was used to determine the cut-
off values for categorization of each feature in two classes:
predictive of ease or difficulty. Forest plots with the estimated
AUC, sensitivity, and specificity as well as their 95% CIs for
each predictor are displayed in Figure 4. The predictive values
calculated from these cut-offs are presented in Table 3.TaggedEnd

TaggedPThe UAA was negatively correlated with the number of
intubation attempts (r = -0.22; p = 0.002). The GH did not
reach statistically significant correlation with this outcome
(r = 0.09; p = 0.213). TaggedEnd

Ta ggedPAll the results presented in this paper as well as further
results may be checked in the published analysis code:
https://rpubs.com/clistenescarvalho/UAAandGH. TaggedEnd

TaggedPOur data set can also be checked in the Mendeley Data
(DOI: 10.17632/vvkx4hjmp3.1).28TaggedEnd
participants through the study. TaggedEnd

https://rpubs.com/clistenescarvalho/UAAandGH


TaggedEnd Table 1 Demographic data and ASA physical status. Values are mean (SD) or n (%).

Characteristics Laryngoscopy p-value

Total Easy Difficult

n = 211 n = 116 n = 9

Age; years 47.7 (16.3) 47.2 (16.2) 56.6 (15.1) 0.063
Height; cm 162.2 (10) 162 (9.8) 164.4 (12.3) 0.661
Weight; kg 72.2 (18.4) 71.8 (18.4) 79.6 (17) 0.094
BMI; kg.m�2 27.4 (6.5) 27.3 (6.6) 29.3 (4.9) 0.138
Sex 0.077
Female 130 (61.6) 126 (63.3) 4 (33.3)
Male 81 (38.4) 73 (36.7) 8 (66.7)

ASA Classification 0.206
I 82 (39.4) 80 (40.8) 2 (16.7)
II 97 (46.6) 90 (45.9) 7 (58.3)
III 29 (14) 26 (13.3) 3 (25)
IV 0 (0.0) 0 (0.0) -

SD, Standard Deviation; ASA classification, physical status classification according to the American Society of Anesthesiology system; BMI,
Body Mass Index; < Less; ≥ Greater or equal.

TaggedEndC.C. de Carvalho, D.M. da Silva, M.S. Leite et al.
TaggedH1Discussion TaggedEnd

TaggedPThe present study has revealed a significant association
between difficult laryngoscopies and two new measures, the
Upper Airway Angle (UAA) and the Glottic Height (GH). These
two tests presented the best predictive values amongst the
nine investigated tests (Table 3). However, when accounting
for the uncertainty from the analyses (Fig. 4), we cannot
ensure these tests to have higher accuracy than regularly
TaggedEnd Table 2 Distribution of the patients according to different pred
laryngoscopy was easy or difficult. Rows displaying significant assoc

Laryngoscopy

Variable Easy (n = 199) (n = 116) Difficult (n

UAA Easy 125 0
Difficult 74 12

GH Easy 18 2
Difficult 17 10

ML Easy 128 2
Difficult 70 10

NC Easy 159 5
Difficult 38 7

MMT Easy 146 4
Difficult 53 8

MO Easy 188 9
Difficult 11 3

ULBT Easy 134 10
Difficult 65 2

SMD Easy 161 8
Difficult 38 4

TMD Easy 103 4
Difficult 96 8

UAA, Upper Airway Angle (easy ≥ 60°; difficult < 60°); GH, Glottic Heig
≤ 9 cm; difficult > 9 cm); NC, Neck Circumference (easy ≤ 40 cm;
difficult = III, IV); MO, Mouth Opening (easy ≥ 4 cm; difficult <4 cm); UL
tal Distance (easy ≥ 15 cm; difficult < 15 cm);TMD, Thyromental Dist
Interval.
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TaggedEndTaggedPused bedside tests. To overcome such flaw, further research
with a larger sample size would be necessary.TaggedEnd

TaggedPAlthough our results have not demonstrated the UAA and
the GH to ideally segregate easy and difficult laryngoscop-
ies, these two features could somewhat improve what we
currently have to predict difficult airways. The threshold of
60 degrees for the UAA had a sensitivity of 100%. Having an
UAA < 60°might then indicate the use of a videolaryngo-
scope from the first attempt, as an example. TaggedEnd
ictive tests in the bivariate analysis as a function of whether
iations are highlighted in grey.

Bivariate analysis

= 12) Odds ratio Fisher (95 CI) Chi-square (p-value)

Inf (4.49‒Inf) < 0.001

51.06 (9.79‒514.41) < 0.001

9.05 (1.85‒87.35) 0.001

5.79 (1.49‒24.48) 0.005

5.46 (1.39‒25.80) 0.006

5.61 (0.86‒27.18) 0.036

0.41 (0.04‒2.02) 0.346

2.12 (0.44‒8.38) 0.262

2.14 (0.55‒10.02) 0.247

ht (easy ≤ 3.5 cm; difficult > 3.5 cm); ML, Mandibular Length (easy
difficult > 40 cm); MMT, Modified Mallampati Test (easy = I,II;

BT, Upper Lip Bite Test (easy = I; difficult = II, III); SMD, Sternomen-
ance (easy ≥ 8.5 cm; difficult < 8.5 cm); 95% CI, 95% Confidence



TaggedFigure

Figure 3 Receiver operating characteristic curve of different
tests for prediction of difficult laryngoscopies. Black line: upper
airway angle; purple: glottic height; brown: mandibular length;
light blue: neck circumference; red: Modified Mallampati Test;
blue: mouth opening; pink: upper lip bite test; yellow: sterno-
mental distance; green: thyromental distance. The black
dashed line represents an AUC of 50%, corresponding to classify-
ing every patient as easy or everyone as difficult. TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 570−577
TaggedPThe GH also presented a prominent performance amongst
the evaluated tests with the highest overall and balanced
accuracies as well as the highest positive predictive value. It
may highlight the important role of the antero-posterior
glottic position on the unfold of a difficult airway − what
was also inferred from a recent systematic review evaluating
the predictive performance of the thyromental height for
difficult laryngoscopies 19]. However, although the GH has
more properly segregated the easy and the difficult laryng-
oscopies in our cohort of patients as compared to the UAA,
the highest sensitivity (100%) of this latter test may be more
clinically useful as the focus of the airway assessment is sup-
posed to lie on the difficult airways. We should bear in mind,
however, this estimated sensitivity needs to be more pre-
cisely defined by future research with a larger sample size. TaggedEnd

TaggedPAn alternative approach might include multivariable
models or composite scores with these two features − what
we did not evaluate due to our limited number of positive

TaggedFigure

Figure 4 Forest plot with the predictive values of different tests
results of the Area Under the ROC Curve (AUC) as well as the sensitiv
sent the estimated 95% CIs. The dashed vertical line in the AUC facet
in the sensitivity and the specificity facets are only to support compa
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TaggedEndTaggedPoutcomes − 12 events. We assume such approaches would
overcome their individual performance as it has been dem-
onstrated to happen with other predictors − an expected
behavior since we have a multitude of factors potentially
influencing the appearance of difficult airways.7,8 TaggedEnd

TaggedPRegardless of the diagnostic performance presented by
the evaluated tests, we should keep in mind that they are
still valuable tools throughout airway management.7,12-15

We may sometimes be disappointed by test errors, but it
may be due to how we face the problem. Airway managers
might avoid looking at these tests purely as diagnostic and
try to see them also as risk factors, which augment the chan-
ces of having a difficult airway when present. Difficult lar-
yngoscopies are relatively infrequent occurrences and even
with the presence of a GH > 3.5 cm, which enhances the
odds of having a difficult laryngoscopy by 51 times, the
unfold of an actual difficult laryngoscopy will still be less
likely than that of an easy laryngoscopy. We should not
neglect such increased odds, however. TaggedEnd

TaggedPAlthough our results for the clinically used tests cannot
be directly compared to those of recent meta-analyses26,29

− because we have determined our own optimal thresholds
and they differed from those regularly used, we could see an
unexpected poor predictive performance of the ULBT. This
result drew our attention to concerns about representative-
ness of our sample and consequently about the external
validity of our results − a concern to be addressed by further
research. TaggedEnd

TaggedPReaders should have in mind some limitations of the pres-
ent work when interpreting our results. Apart from what
was already discussed such as the uncertainty related to our
analyses and the concern about external validity, as the first
attempt to evaluate the UAA and the GH, we did not have
appropriate tools to draw these measures directly from
patients. We consequently extracted them from pictures,
which is not ideal for clinical practice and may have influ-
enced the accuracy of these measures. The same is valid for
the ML, which was also extracted from pictures. Therefore,
further studies might try to directly draw these measures.
Additionally, as the predictors’ performance were tested in
for difficult direct laryngoscopy. The blue squares represent the
ity and the specificity for the optimal thresholds. The bars repre-
represents the lack of diagnostic performance. The dashed lines
risons amongst the tests. The data is sorted by descending AUC. TaggedEnd



TaggedEnd Table 3 Predictive values of different tests for difficult direct laryngoscopy. Data is sorted by descending AUC.

Features AUC (95% CI) Acc (95% CI) Bal Acc Sens PPV Spec NPV

UAA 88.82 (81.86‒95.78) 64.93 (58.1.5‒71.4) 81.4 100 14 62.8 100
GH 86.43 (72.67‒100) 91 (86.2‒94.5) 87.4 83.3 37 91.4 98.9
ML 83.75 (72.77‒94.74) 65.7 (58.9‒72.1) 74 83.3 12.5 64.6 98.5
NC 79.17 (64.98‒93.36) 79.4 (73.3‒84.7) 69.5 58.3 15.6 80.7 97
MMT 77.89 (68.37‒87.41) 73 (66.5‒78.9) 70 66.7 13.1 73.4 97.3
MO 65.58 (45.13‒86.02) 90.5 (85.7‒94.1) 59.7 25 21.4 94.5 95.4
ULBT 58.58 (47.80‒69.37) 64.5 (57.6‒70.9) 42 16.7 3 67.3 93.1
SMD 55.07 (34.84‒75.29) 78.2 (72‒83.6) 57.1 33.3 9.5 80.9 95.3
TMD 54.42 (37.39‒71.44) 52.6 (45.6‒59.5) 59.2 66.7 7.7 51.8 96.3

UAA, Upper Airway Angle; GH, Glottic Height; ML, Mandibular Length; NC, Neck Circumference; MMT, Modified Mallampati Test; MO, Mouth
Opening; ULBT, Upper Lip Bite Test; SMD, Sternomental Distance; TMD, Thyromental Distance; Sens, Sensitivity; PPV, Positive Predictive
Value; Spec, Specificity; NPV, Negative Predictive Value; Acc, overall accuracy; Bal Acc, Balanced Accuracy; AUC, Area Under the ROC
Curve.

TaggedEndC.C. de Carvalho, D.M. da Silva, M.S. Leite et al.
TaggedEndTaggedPthe same set of data from which we estimated the thresh-
olds, we may have had some overfitting and consequently
some overestimated performance. Also, we did not evaluate
head extension and consequently we cannot ensure the per-
formance of the UAA is not only a reflex of this feature.
Besides, the airway managers’ experience varied too much,
and it may have had some influence over our results, even
though the 12 difficult laryngoscopies were checked and
confirmed by an experienced anesthesiologist with at least
5 years of experience after failure by the resident. A further
concern is related to the lack of a drug protocol for anesthe-
sia induction, with different patients being submitted to
different combinations of inductors, opioids, and neuromus-
cular blocking agents. This way, patients may have been
managed under different conditions of hypnosis and neuro-
muscular blockade. TaggedEnd

TaggedPIn conclusion, we have found two new measures (the UAA
and the GH) to be significantly associated with the occur-
rence of difficult direct laryngoscopies. These two tests also
held the best predictive performances amongst the nine
evaluated tests in our cohort of patients. However, we can-
not ensure their superiority as compared to regularly used
bedside tests due to the amount of uncertainty present in
our analyses. TaggedEnd
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Abstract
Objective:  To  compare  the  Rapid  Shallow  Breathing  Index  (RSBI)  obtained  by  the  ventilometer
and from  mechanical  ventilation  parameters.
Methods:  Randomized  crossover  trial,  including  33  intubated  patients,  on  mechanical  ventila-
tion for  at  least  24  hours,  undergoing  spontaneous  breathing  test.  Patients  were  submitted  to
the measurement  of  RSBI  by  four  methods:  disconnected  from  the  ventilator  through  the  ven-
tilometer;  in  Pressure  Support  Ventilation  (PSV)  mode  at  a  pressure  of  7  cm  H2O;  in  Continuous
Positive Airway  Pressure  (CPAP)  mode  at  a  pressure  of  5  cmH2O  with  flow  trigger;  in  CPAP  mode
at a  pressure  of  5  cmH2O  with  pressure  trigger.
Results:  No  significant  difference  was  detected  between  the  RSBI  obtained  by  the  ventilometer
and in  the  CPAP  mode  with  flow  and  pressure  triggers,  however,  in  the  PSV  mode,  the  values
were lower  than  in  the  other  measurements  (p  <  0.001).  By  selecting  patients  from  the  sample
with higher  RSBI  (≥  80  cycles.min-1.L-1),  the  value  of  the  index  obtained  by  the  ventilometer
was higher  than  that  obtained  in  the  three  options  of  ventilation  methods.
Conclusion:  The  RSBI  obtained  in  the  CPAP  mode  at  a  pressure  of  5  cmH2O,  in  both  triggers
types, did  not  differ  from  that  measured  by  the  ventilometer;  it  is,  therefore,  an  alterna-
tive when  obtaining  it  from  mechanical  ventilation  parameters  is  necessary.  However,  in  the
presence  of  borderline  values,  the  RSBI  measured  by  ventilometer  is  recommended,  as  in  this
method the  values  are  significantly  higher  than  in  the  three  ventilation  modalities  investigated.
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Patients  were  included  in  the  study  when  submitted  to
SBT,  which  was  performed  in  PSV  mode,  with  PSV  less  than
Brazilian  Journal  of  Anesth
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n  average,  40%  patients  admitted  to  Intensive  Care  Units
ICUs)  are  on  Mechanical  Ventilation  (MV),1 of  which  up
o  25%  may  have  difficulty  in  weaning.2 Once  the  health
ondition  that  led  to  respiratory  insufficiency  was  reversed,
atient  should  be  released  from  MV  as  it  imposes  a  series
f  risks.3 On  the  other  hand,  premature  extubation  is  sus-
eptible  to  secondary  complications,  which,  as  well  as  its
elay,  also  results  in  increased  morbidity  and  mortality  in
he  ICUs.4,5

To  identify  patients  who  are  candidates  for  extubation,
t  is  recommended  to  perform  a  Spontaneous  Breathing  Trial
SBT).  It  is  usually  done  in  Pressure  Support  Ventilation  (PSV)
ode,  with  pressure  between  5  and  7  cmH2O,  or  with  the
atient  breathing  spontaneously  with  an  oxygen  source  con-
ected  to  the  endotracheal  tube,  lasting  from  30  minutes
o  2  hours.1,3 It  is  considered  successful  weaning  when  the
atient  is  successful  in  the  SBT,  and  successful  extubation
hen  there  is  no  reintubation  in  the  first  48  hours  after

emoval  of  the  endotracheal  tube.3

Even  after  successful  SBT,  up  to  30%  patients  have  failed
xtubation.2 Several  scores  have  already  been  proposed  in
n  attempt  to  identify  who  will  be  successful  at  wean-
ng  and  extubation,3,6,7 and  among  these  the  Rapid  Shallow
reathing  Index  (RSBI)  is  the  most  studied  and  used  in  ICUs
ecause  it  is  practical,  noninvasive  and  easily  obtained.7

escribed  by  Yang  and  Tobin,8 it  consists  of  obtaining  the
alues  of  Respiratory  Rate  (RR)  and  Tidal  Volume  (TV)  with
he  ventilometer  connected  to  the  artificial  airway  with  the
atient  in  spontaneous  breathing  for  one  minute.  RSBI  is
alculated  by  the  ratio  of  RR  to  TV  (RR/TV)  expressed  in
ycles.min-1.L-1,  and  values  less  than  105  cycles.min-1.L-1

redict  success  in  weaning  with  a  sensitivity  of  97%,  speci-
city  of  64%,  positive  predictive  value  of  78%  and  negative
redictive  value  of  95%.

Originally,  ventilometer  is  the  recommended  instrument
o  measure  the  variables  used  in  the  calculation  of  the
SBI;8 however,  in  clinical  practice,  many  professionals
btain  these  values  directly  from  the  ventilator  display.4,6

wo  studies  ---  one  conducted  in  the  Federal  District4 and
he  other  in  the  city  of  São  Paulo9 ---  evidenced,  respec-
ively,  that  95%4 and  85%9 of  physical  therapists  collect  data
or  the  calculation  of  RSBI  based  on  MV  parameters,  citing
he  non-availability  of  the  device  as  a  justification.  How-
ver,  using  the  measurements  obtained  by  the  ventilator  can
ompromise  the  accuracy  of  the  RSBI,  since  non-calibrated
entilators  and  the  addition  of  positive  pressure  can  affect
he  accuracy  of  the  measurement.4,6,9

Some  studies  have  indicated  that  calculating  the  RSBI
sing  data  from  the  ventilator  can  interfere  with  the  value
eached.5,10---13 Obtaining  it  in  PSV  mode,  even  with  low
ressure  levels,  generates  lower  RSBI  values  than  from  spon-
aneous  breathing  with  the  use  of  the  ventilometer.5,11,13---16

hen  comparing  the  RSBI  obtained  by  the  ventilometer  with
he  one  from  Continuous  Positive  Airway  Pressure  (CPAP)
ode,  the  data  are  conflicting.  There  are  studies  reporting

ower  values  in  the  CPAP  mode10,15,17,18 and  others  that  show

n  increase19 or  absence  of  difference.11 The  main  conse-
uence  of  using  ventilatory  support  during  the  assessment

o
a

57
logy  2023;73(5):578---583

ould  be  the  early  extubation  of  patients  unable  to  sustain
pontaneous  breathing.14

Base  flow,  provided  by  some  ventilators  when  using  flow
rigger,  can  influence  the  variables  measured  by  the  venti-
ator  for  the  calculation  of  RSBI.10,20 The  reduction  in  RSBI
as  been  described20 when  obtained  in  MV  with  flow  trigger
ompared  to  the  pressure  trigger,  justifying  that  this  effect
s  due  to  the  base  flow  present  in  this  type  of  trigger.  This
ssue,  however,  needs  to  be  further  investigated.

Considering  the  difficulty  ---  due  to  the  lack  of  resources  in
any  services  ---  in  obtaining  the  RSBI  by  a  ventilometer,4,9

nd  also  the  ease  that  currently  exists  with  the  incorpo-
ation  of  its  calculation  and  presentation  in  the  display  of
he  most  modern  ventilators,6 it  justifies  the  investigation
f  which  ventilation  parameter  could  offer  indices  with  val-
es  closer  to  those  generated  by  means  of  the  ventilometer,
nd  also  the  possible  interference  of  the  base  flow  in  these
esults.  The  goal  of  the  study  was  to  compare  the  RSBI
btained  through  the  ventilometer  with  that  obtained  from
V  parameters  in  PSV  mode  and  in  CPAP  mode  with  flow  and
ressure  triggers.

ethods

he  study  was  approved  by  the  Research  Ethics  Committee
f  the  Federal  University  of  Espírito  Santo  ---  UFES  (opin-
on  1.472.040)  and  registered  on  the  Brazilian  Clinical  Trial
egistry  (ReBEC)  with  protocol  n  RBR-96cwz48.  Family  mem-
ers  or  guardians  of  patients  received  information  regarding
he  study  and  their  rights,  allowing  their  participation  by
igning  the  Informed  Consent  Form  (ICF).  The  CONSORT
Consolidated  Standards  of  Reporting  Trials)  guidelines  were
ollowed  when  reporting  this  study.

A  randomized  prospective  crossover  study  was  conducted
n  the  ICU  of  a  university  hospital  in  Vitória,  state  of  Espírito
anto.  All  patients  who  were  admitted  to  the  ICU,  between
ugust  2018  and  March  2019,  were  evaluated  for  possi-
le  participation  in  the  study.  Participants  were  selected
ccording  to  the  following  inclusion  criteria:  both  sexes;
ged  18  years  and  older;  hospitalized  in  the  ICU;  intubated
nd  on  MV  for  at  least  24  hours;  ventilated  with  Puritan-
ennett  840  or  Dixtal  3012  plus  ventilators;  undergoing  SBT;
emodynamically  stable,  without  continuous  administra-
ion  of  vasopressors  or  central  nervous  system  depressants;
nd  with  a  PaO2/FiO2 relation  above  200  mmHg.  Tra-
heostomized  patients,  reintubated  in  the  last  seven  days
r  whose  family  member  or  guardian  refused  to  sign  the
nformed  consent  form  were  excluded.

The  following  clinical  and  demographic  data  were  col-
ected  from  patients:  age,  sex,  race,  the  Simplified  Acute
hysiology  Score  3  (SAPS  3)  prognostic  index,  reason  for
dmission  to  the  ICU,  reason  for  intubation  and  time  from
ntubation  to  SBT,  ventilatory  and  monitoring  parameters.
ll  decisions  about  SBT  and  extubation  were  made  by  the  ICU
are  team  according  to  the  sector  routine,  without  interfer-
nce  from  researchers.
r  equal  to  7  cmH2O,  PEEP  less  than  or  equal  to  8  cmH2O,
nd  fraction  of  inspired  O2 (FiO2) less  than  or  equal  to  40%.3

9
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Table  1  Clinical  and  demographic  characteristics  of
patients  (n  =  33).

Characteristics  Values

Age  (years)  62.3  ±  15.7
Color  [n  (%)]
Brown  17  (52)
White  13  (39)
Black  3  (9)
Sex [n  (%)]
Female  18  (55)
Male 15  (45)
SAPS 3 59.1  ±  14.4
Reasons  for  admission  to  the  ICU  [n  (%)]
Abdominal  surgery  6  (18)
Acute  myocardial  infarction  6  (18)
Cardiac  insufficiency  4  (12)
Sepsis  4  (12)
Cardiorespiratory  arrest  4  (12)
Acute  respiratory  insufficiency  2  (6)
Others  7  (22)
Reasons  for  intubation  [n  (%)]
Secondary  to  surgery  14  (43)
Acute  respiratory  insufficiency  12  (36)
Lowering  the  level  of  consciousness  2  (6)
Others  5  (15)

ICU, Intensive Care Unit; SAPS 3, Simplified Acute Physiology
Score 3.

d
r
a
2
R
p
8
a

R

P
6
t
o
T
p

o
d

t
t
(
p

H.  Duarte,  D.L.  Fra

entilation  data  for  the  calculation  of  the  RSBI  was  collected
uring  the  SBT  (between  15  and  120  minutes  SBT)  and  prior
o  extubation,  as  long  as  the  patient  did  not  show  any  of  the
ollowing  signs  of  intolerance:  RR  greater  than  35  rpm;  Satu-
ation  of  Peripheral  Oxygen  (SpO2)  less  than  90%;  heart  rate
reater  than  140  bpm;  systolic  blood  pressure  greater  than
80  mmHg  or  less  than  90  mmHg;  and  signs  and  symptoms
f  agitation,  sweating,  or  altered  level  of  consciousness.3

All  patients  were  submitted  to  the  four  methods  of
btaining  the  RSBI,  and  their  data  were  later  compared.  For
ata  collection,  they  were  kept  in  the  supine  position  with
5◦ head  elevation.  RSBI  was  calculated  from  the  variables
V  and  RR,  verified  both  through  an  analog  ventilometer
Wright)  and  through  the  ventilator  display,  with  the  patient
ubmitted  to  three  ventilation  modalities:  PSV  of  7  cmH20
ith  pressure  trigger  (2  cmH2O);  CPAP  of  5  cmH2O  with  pres-

ure  trigger  (2  cmH2O)  (CPAP/P);  and  CPAP  of  5  cmH2O  with
ow  trigger  (2  LPM)  (CPAP/F).

Changes  in  ventilation  modes  were  carried  out  by  phys-
cal  therapists  in  the  sector,  and  data  were  recorded  by
esearchers.  The  sequence  for  obtaining  the  index  was  first
n  the  PSV  mode,  since  it  was  already  the  ventilation  mode
n  which  they  were  undergoing  the  SBT,  and  the  order
f  obtaining  in  the  other  modalities  was  randomized,  by
he  researchers,  by  drawing  opaque  and  sealed  envelopes
ontaining  the  different  options  of  sequences.  It  was  not
ossible  to  blind  the  evaluators  given  the  difficulty  of  pre-
enting  the  evaluator  from  knowing  the  ventilation  modality
f  the  patient  at  the  time  of  data  collection.

For  the  collection  of  ventilator  data,  a  period  of  two  min-
tes  was  waited  after  each  change  in  ventilation  mode,  for
tabilization  purposes,  and  then  the  minute  volume  and  RR
alues  were  recorded  for  four  consecutive  times,  with  a  min-
mum  interval  of  three  breaths  between  them.  To  calculate
he  RSBI,  the  minute  volume  value  was  divided  by  the  RR
o  obtain  the  TV,  followed  by  the  division  of  the  RR  by  TV,
n  liters.  RSBI  values  of  the  four  measures  were  calculated,
xcluding  the  most  discrepant  and  averaging  the  others.

For  the  measurement  by  means  of  the  ventilometer,
atients  were  disconnected  from  the  ventilator  and  placed
n  spontaneous  breathing  with  the  ventilometer  connected
o  the  endotracheal  tube;  if  necessary  (to  keep  SpO2 above
2%),  oxygen  could  be  offered  through  a  macronebulization
ircuit,  with  an  oxygen  flow  of  a  maximum  of  5  L.min-1.
efore  the  measurement,  a  period  of  30  seconds  to  1  minute
as  waited  for  the  breathing  pattern  to  stabilize.  Data  col-

ection  could  be  interrupted  if  the  patient  had  any  of  the
igns  of  intolerance  described  for  the  SBT,  which  was  prop-
rly  attended  by  the  ICU  care  team.

tatistical  analysis

he  sample  size  was  calculated  based  on  previous  data,13

onsidering  a  minimum  detectable  difference  of  19.15,  stan-
ard  deviation  of  20.71,  alpha  error  of  5%  and  power  of
0%,  suggesting  a  total  of  30  individuals.  Data  were  analyzed
sing  the  statistical  software  SPSS  version  20.0  (Armonk,

ew  York,  USA).  The  normal  distribution  of  continuous
ariables  was  checked  using  the  Shapiro-Wilk  test.  For  com-
arison  of  continuous  variables,  the  ANOVA  for  repeated
easures  or  the  Friedman  non-parametric  test  was  applied,

t
r
f
t

58
Values expressed as mean ± standard deviation or absolute value
and percentage.

epending  on  the  normal  distribution  or  not  of  the  data,
espectively.  Continuous  variables  are  presented  as  mean
nd  standard  deviation  (parametric  data)  or  median  and
5---75%  Interquartile  (IQ)  range  (non-parametric  data).  The
SBI  was  also  compared  within  the  subgroup  of  patients  who
resented  the  index  with  values  greater  than  or  equal  to
0  cycles.min-1.L-1. A  bilateral  p-value  less  than  0.05  was
dopted  as  a  level  of  statistical  significance  for  all  tests.

esults

articipants  were  33  patients,  with  a  mean  age  of
2.3  ±  15.7  years,  mean  SAPS  3  of  59.1  ±  14.4  and  average
ime  elapsed  from  intubation  to  SBT  of  4.7  ±  4.0  days.  The
ther  clinical  and  demographic  characteristics  are  listed  in
able  1. There  were  no  adverse  events  related  to  the  study
rotocol.

Table  2  lists  the  parameters  of  MV  and  hemodynamic  and
xygenation  monitoring  of  patients  before  the  beginning  of
ata  collection.

RSBI  was  lower  when  obtained  in  the  PSV  mode  than
hat  obtained  in  the  CPAP/P,  CPAP/F  modes  and  by  the  ven-
ilometer  (p  <  0.001),  with  no  difference  between  these
Table  3).  By  selecting  from  the  sample,  the  patients  who
resented  RSBI  by  the  ventilometer  greater  than  or  equal

-1 -1
o  80  cycles.min .L (which  could  be  considered  of  greater
isk  for  extubation,  given  the  proximity  to  the  cutoff  values
or  this  index),  it  was  noted  that,  in  these  people  (n  =  6),
he  RSBI  measured  by  the  ventilometer  was  higher  than

0
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Table  2  Ventilation  and  monitoring  parameters  before
data  collection  (n  =  33).

Variables  Values

PaO2/FiO2 relation  354.5  ±  126.4
SBT time  (min)  71.1  ±  63.9
FiO2 0.31  ±  0.05
SpO2 (%)  96.5  ±  2.1
PSV (cmH2O)  7.1  ±  0.4
PEEP (cmH2O) 5.4  ±  0.5
RR (rpm) 19.1  ±  6.1
TV (mL) 492.6  ±  165
Initial  SBP  (mmHg)  131.7  ±  24.2
Initial  DBP  (mmHg)  69.2  ±  11.1
Initial  HR  (bpm)  92.5  ±  17.8
Type  of  ventilator  [n  (%)]
Puritan-Bennett  840  22  (66.6)
Dixtal  3012  plus  11  (33.4)
Intubation  time  to  SBT  (days)  4.7  ±  4.0

DBP, Diastolic Blood Pressure; FiO2, Fraction of Inspired Oxygen;
HR, Heart Rate; PaO2, Pressure of Arterial Oxygen; PEEP, Positive
End-Expiratory Pressure; PSV, Pressure Support Ventilation; RR,
Respiratory Rate; SBP, Systolic Blood Pressure; SBT, Spontaneous
Breathing Test; SpO2, Peripheral Oxygen Saturation; TV, Tidal
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Values expressed as mean ± standard deviation or absolute value
and percentage.

hose  observed  through  the  PSV,  CPAP/F  and  CPAP/P  modes
p  =  0.003),  with  no  significant  difference  between  them
Table  3).

When  comparing  the  TV  measured  in  the  different  meth-
ds,  in  the  PSV  mode,  the  values  were  higher  than  those
btained  by  the  ventilometer,  CPAP/P  and  CPAP/F  modes
p  =  0.002),  with  no  difference  between  them.  The  RR  identi-
ed  by  the  ventilometer  was  similar  to  that  in  mode  CPAP/F,
ut  higher  than  in  CPAP/P  and  PSV  (p  =  0.004).  The  RR
bserved  in  CPAP/F  was  not  different  from  that  obtained
n  CPAP/P,  however  it  was  higher  than  in  PSV.

iscussion
he  correct  time  to  interrupt  MV  is  still  a  challenge  in  ICUs;
 test  capable  of  predicting  the  success  of  extubation  is
f  great  value.7 Ways  of  obtaining  the  RSBI  that  require

(
a
o

Table  3  Comparison  of  RSBI,  tidal  volume  and  respiratory  rate  in

Parameter  Ventilometer  PSV  

TV  (mL)  430  (350---500)  500  (430---58
RR  (rpm)  21.2  ±  6.3b,c 18.5  ±  5.4  

RSBI  (cycles.min-1.L-1)  46.3  (30.3---65.8)  33  (26.4---44
RSBI  ≥  80  (cycles.min-1.L-1)  90.6  ±  10.8a 65.5  ±  19.8

CPAP, Continuous Positive Airway Pressure; CPAP/F, CPAP mode with flow
Support Ventilation; RR, Respiratory Rate; RSBI, Rapid Shallow Breathi

a p < 0.05 compared with the other methods.
b p < 0.05 compared with PSV.
c p < 0.05 compared with CPAP/P; values expressed as median (25---7
d Friedman test.
e Repeated measures ANOVA.
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ess  investment  and  provide  greater  practicality  have  been
nvestigated.14---20

In  the  present  study,  it  was  found  that  obtaining  the  RSBI
rom  MV  parameters,  particularly  in  the  PSV  mode,  produces
alues  significantly  lower  than  those  calculated  from  the
entilometer.  In  addition,  the  RR  and  TV  values  were  also
ore  discrepant  in  the  PSV  mode  than  in  the  other  methods.
he  CPAP  mode,  regardless  of  the  type  of  trigger,  seems  to  be

 more  adequate  alternative,  since  in  this  mode  the  values
id  not  differ  from  those  measured  by  the  ventilometer.

The  evidence  that,  in  PSV,  RSBI  values  are  lower  than
hose  of  the  ventilometer  has  been  already  described
n  previous  studies,  with  PSV  values  of  10  cmH2O11,14

nd  7  cmH2O,5 and  even  with  minimum  values  of
 cmH2O.13,15,16,21 In  fact,  the  PSV  around  5  to  7  cmH2O  is  able
o  compensate  for  the  resistance  imposed  by  the  endotra-
heal  tube  and  the  ventilator  circuit,  which  does  not  occur  in
he  measurement  performed  with  the  ventilometer  because
he  resistance  imposed  by  the  tube  remains.22 Thus,  the  use
f  PSV  in  obtaining  RSBI  reduces  its  value  and  can  provide  a
alse  indication  that  the  patient  is  able  to  be  released  from
entilation  support.14

Despite  this  evidence,  PSV  is  the  most  commonly  used
entilation  mode  for  obtaining  RSBI  by  the  ventilator.4,9 A
tudy  conducted  in  the  city  of  São  Paulo  (SP)9 showed  that
1%  physical  therapists  used  it,  with  PSV  values  ranging
rom  6  to  12  cmH2O.  This  is  probably  because  it  is  the  ven-
ilation  mode  in  which  the  patient  is  already  during  the
BT.  In  addition,  there  is  currently  the  measurement  of  the
SBI  incorporated  in  the  algorithms  of  many  ventilators  and
hown  on  the  display  as  one  of  the  ventilation  parameters,6

hich  further  favors  the  achievement  of  this  index  in  ven-
ilation  modes  and  in  the  pressure  levels  at  which  patients
re  being  ventilated.

When  comparing  the  RSBI  obtained  by  the  ventilometer
ith  the  one  in  the  CPAP  mode,  the  results  of  the  present

tudy  are  similar  to  those  described  by  a  group  of  authors.11

hen  comparing  the  index  in  three  different  modalities  (PSV
f  10  cmH2O,  CPAP  of  5  cmH2O,  and  spontaneous  ventila-
ion),  they  detected  no  differences  between  the  RSBI  values
btained  with  the  ventilometer  and  in  the  CPAP  mode  but
dentified  significantly  lower  values  in  the  PSV  mode.
Other  authors19 tested  five  strategies  for  obtaining  RSBI
ventilometer;  CPAP  of  5  cmH2O  with  FiO2 of  21%  and  40%;
nd  CPAP  of  0  cmH2O,  with  FiO2 of  21%  and  40%)  and
bserved  higher  values  of  RSBI  in  the  four  CPAP  options  com-

 the  four  methods.

CPAP/F  CPAP/P  p-value

0)a 450  (350---570)  430  (370---540)  0.002d

20.3  ±  4.9b 19.2  ±  5.2  0.004e

.7)a 46.3  (29.7---61.9)  37.6  (28.3---60.7)  <  0.001d

 68.5  ±  12.8  73.6  ±  9.6  0.003e

 trigger; CPAP/P, CPAP mode with pressure trigger; PSV, Pressure
ng Index; TV, Tidal Volume.

5% quartiles) or mean ± standard deviation.
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superficial em pacientes submetidos ao desmame da ventilação
H.  Duarte,  D.L.  Fra

ared  to  the  ventilometer  (p  <  0.05).  This  result  was  contrary
o  that  evidenced  in  other  studies,10,17,18 which  reported
ower  values  of  RSBI  obtained  with  CPAP  of  5  cmH2O  when
ompared  with  the  ventilometer.  One  hypothesis  for  such
iscrepancies  is  the  different  ventilators  used  in  the  studies.

Taking  into  account  that  the  average  RSBI  found  in
he  sample  of  the  present  study  was  around  40  to  50
ycles.min-1.L-1,  and  assuming  that  the  interference  of  the
hosen  method  could  be  greater  in  those  patients  whose  RSBI
alues  were  closer  to  the  cutoff  value  established  by  Yang
nd  Tobin,8 this  study  analyzed  separately  the  RSBI  values
alculated  in  the  four  methods,  selecting  only  patients  with
he  index  ≥  80  cycles.min-1.L-1 (from  the  values  obtained
y  the  ventilometer),  considered  here  the  sample  most
usceptible  to  extubation  failure.  Values  observed  on  the
entilometer  were  higher  than  those  of  the  three  ventilation
ethods,  demonstrating  that  in  the  sample  of  patients  with

he  worst  indices,  obtaining  the  RSBI  from  MV  parameters
as  more  inadequate.

This  result  corroborates  other  study13 in  which,  when
eparating  in  the  sample  the  patients  who  were  success-
ul  or  unsuccessful  in  extubation,  it  was  also  found  that
he  RSBI  value  did  not  differ  between  the  two  methods
ventilometer  versus  PSV  of  5  cmH2O)  in  the  successful
roup,  but  was  smaller  when  obtained  in  PSV  among  patients
ho  failed  extubation;  this  confirms  that  the  discrepan-
ies  are  accentuated  in  individuals  in  potentially  more
evere  condition.  One  explanation  is  that  ventilation  support
an  reduce  respiratory  work  by  compensating  for  altered
ulmonary  mechanics  and  the  additional  load  imposed  by
he  endotracheal  tube  among  those  with  worse  respiratory
eserve.

Another  aspect  analyzed  was  the  possible  interference
f  the  base  flow,  provided  by  the  ventilators  when  the  flow
rigger  was  programmed  in  the  values  obtained  from  RSBI.
bout  this,  some  authors10 expected  to  find  a  higher  RSBI
ith  a  CPAP  of  0  cmH2O  when  compared  to  the  ventilome-

er,  but  found  lower  values,  attributing  this  ventilation  aid
o  the  interference  of  the  base  flow.  Subsequently,  other
esearchers20 found  lower  RSBI  values  in  the  CPAP  mode  of

 cmH2O  with  flow  trigger  compared  to  pressure  trigger  and
hat  obtained  by  the  ventilometer,  suggesting  the  interfer-
nce  of  the  base  flow  on  such  values.

In  the  present  study,  similar  values  were  verified  in  the
SBI  obtained  in  CPAP  modes  with  flow  and  pressure  triggers
nd  in  the  ventilometer.  A  possible  explanation  may  be  in
he  mechanical  ventilators  used,  since  it  has  already  been
emonstrated  that  the  base  flow  values  differ  between  the
entilators.23 In  addition,  there  are  studies  comparing  the
ffects  of  pressure  trigger  with  flow  trigger  in  patients  ven-
ilating  in  CPAP  which  also  found  no  differences  in  the  values
f  TV,  RR,24,25 and  the  RSBI  calculated  by  the  ventilator.25

An  alternative  that  has  emerged  is  the  use  of  differ-
nt  cutoff  values  when  using  the  ventilator  to  obtain  the
ndex.  Unlike  the  classic  value  of  105  cycles.min-1.L-1,8

 previous  study16 reported  greater  accuracy  in  predict-
ng  the  success  of  weaning  with  a  cutoff  value  of  100
ycles.min-1.L-1 for  the  RSBI  measured  using  the  ventilome-
er,  and  75  cycles.min-1.L-1 when  calculated  in  the  PSV  of
 cmH2O.  Another  study26 found  a  cutoff  value  of  88.5
ycles.min-1.L-1 for  the  RSBI  obtained  by  the  ventilometer,
nd  80.1  cycles.min-1.L-1 in  the  PSV  of  5  cmH2O,  analyzed

1
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sing  the  ROC  curve.  Such  an  analysis  was  not  possible  in
he  present  study  due  to  the  sample  size.

The  limitations  of  this  study  are  the  sample  size  and  the
act  that  it  is  a  convenience  sample.  Added  to  this  is  the
ifficulty  of  blinding  the  evaluators  when  obtaining  data  in
he  different  methods  of  measuring  the  index.

onclusion

he  RSBI  measured  by  the  ventilometer  did  not  differ  from
hat  obtained  in  the  CPAP  mode,  both  with  pressure  and
ow  triggers,  but  it  was  significantly  higher  than  in  the  PSV
ode.  Thus,  in  view  of  the  need  to  analyze  the  RSBI  calcu-

ated  from  MV  parameters,  it  is  suggested  that,  to  obtain  it,
he  patient  should  be  placed  on  the  CPAP  mode,  with  a  value
f  5  cmH2O.  However,  in  the  presence  of  borderline  RSBI  val-
es,  the  use  of  the  ventilometer  is  recommended,  as  in  this
ode  the  values  are  significantly  higher  than  those  verified

n  the  three  options  of  investigated  ventilation  parameters.
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Abstract
Background:  Correct  endotracheal  intubation  results  in  better  ventilation,  prevents  hypoxia
and its  possible  damages,  such  as  brain  injury,  and  minimizes  attempts  for  re-intubation.  Up
to now,  several  formulas  have  been  published  to  estimate  nasotracheal  intubation  tube  length.
This study  aims  to  compare  the  accuracy  of  different  suggested  formulas  to  find  the  one  that
better estimates  the  tube  insertion  distance.
Methods:  This  cross-sectional  retrospective  study  was  carried  out  in  102  (51  female,  51  male)
children who  underwent  cardiac  surgery  under  general  anesthesia.  Inclusion  criteria  were  cor-
rect nasotracheal  intubation  according  to  the  postintubation  chest  X-ray  (CXR).  The  estimated
tracheal tube  length  was  calculated  by  four  different  formulas.  Pearson’s  correlation  coefficient
was used  to  find  the  correlations  between  the  estimated  length  of  each  formula  and  the  cor-
rect nasotracheal  tube  length.  Also,  linear  regression  was  used  to  obtain  a  formula  to  estimate
nasotracheal  tube  length  by  weight,  height,  and  age.
Results:  The  formula  L=3*tube  size+2  had  the  best  correlation  with  tube  length  (r  =  0.81,  Confi-
dence Interval:  0.732---0.878,  p-value  <  0.001).  Among  demographic  variables,  height  had  the
highest correlation  coefficient  with  the  tube  length  (r  =  0.83,  Confidence  Interval:  0.788---0.802,
p-value <  0.001).  Therefore,  considering  the  height  as  an  independent  variable  and  tube  length
as a  dependent  variable,  using  linear  regression,  the  following  formula  was  achieved  for  deter-
mining tube  length:  nasotracheal  tube  length  =  0.1*Height+7.
Conclusions:  The  formula  L=3*tube  size+2  and  the  new  suggested  formula  in  this  study  can
be used  to  estimate  nasotracheal  tube  length  in  children  under  4  years  old.  However,  these
formulas  are  only  guides  and  require  confirmation  by  auscultation  and  CXR.
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Table  1  Recommended  Formulas  for  NTT  length
estimation.

No.  Formula  Condition

1  10.5+(weight/2)[16] age  <  4  y/o
2 L=(3atube  size)+2[20] weight  >  3  kg

3
(a) 9+(weight/2)[17] age  <  1  y/o
(b) 15+(age/2)b [17] age  >1  y/o

4 14+(age/2)[23] ---
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very  correct  endotracheal  intubation  consists  of  three
actors:  appropriate  tube  size,  correct  tube  length,  and
ube  fixation  in  the  correct  position.1 Major  differences
etween  the  airways  of  pediatric  and  adult  patients  make
ndotracheal  intubation  more  difficult  in  pediatrics.  If  the
ndotracheal  tube  is  not  introduced  at  a  sufficient  depth,
ccidental  extubation  and  laryngeal  injury  may  occur.2

n  contrast,  if  the  endotracheal  tube  is  placed  too  far,
ndobronchial  intubation  (mostly  in  the  right  bronchus)
ay  occur,  which  can  lead  to  overdistension  and  possibly
neumothorax.3 On  the  other  hand,  the  other  lung  is  usu-
lly  not  adequately  ventilated,  and  atelectasis  may  occur.4---6

o  confirm  the  position  of  the  tip  of  the  endotracheal
ube  immediately  after  intubation,  pulmonary  sound  aus-
ultation  is  recommended.  However,  the  standard  method
f  confirmation  is  evaluation  of  the  position  of  the  tip
f  the  tracheal  tube  by  chest  X-ray  (CXR).7 In  the  past,
everal  formulas  and  suggestions  have  been  published  to
stimate  tube  length.  Many  more  studies  have  suggested
ormulas  for  orotracheal  intubation  compared  to  estima-
ion  of  the  length  of  a  nasotracheal  tube  (NTT).8---11 In
ediatric  cardiac  surgery,  nasotracheal  intubation  ---  in  com-
arison  with  orotracheal  intubation  ---  lowers  the  risk  of
ube  movement  during  procedures  such  as  transesophageal
chocardiography.  A  nasotracheal  tube  is  also  better  toler-
ted.  However,  the  indications  of  nasotracheal  intubation
re  controversial  among  medical  centers.12---15 In  addition,

 valid  and  accepted  formula  for  estimation  of  NTT  length
s  not  available.16---19 The  main  objective  of  this  study  is  to
ompare  the  accuracy  of  four  different  suggested  formulas
n  pediatric  patients  undergoing  cardiac  surgery.

ethods

his  cross-sectional,  retrospective  study  was  carried  out  in
atients  who  underwent  cardiac  surgery  under  general  anes-
hesia  in  our  hospital  from  January  to  December  2018.  In  our
enter,  practice  of  the  nasotracheal  intubation  for  pediatric
ardiac  surgery  is  routine.  After  ethics  committee  approval
nd  assignment  of  a  specific  code  for  each  patient  which
as  not  directly  associated  with  the  patient’s  name  or  ID  in
edical  records,  patients’  CXRs  and  medical  records  were

valuated.  All  patients  had  post-surgical  CXRs.  Inclusion  cri-
eria  included  correct  nasotracheal  intubation  according  to
he  CXR:  the  NTT  tip  must  be  introduced  between  the  T1
pper  border  and  the  T2  lower  border  in  neonates18 and
etween  T1  and  T3  vertebral  bodies  in  other  pediatrics.19

o  prevent  bias,  two  physicians  independently  evaluated
he  CXRs  for  inclusion  criteria.  If  there  was  any  disagree-
ent,  a  radiologist  was  consulted  to  make  the  final  decision.

atients  with  airway  anomalies  and  abnormal  anatomies
ere  excluded  from  further  analysis.  Age,  weight,  height,
ex,  and  NTT  length  (cm)  and  size  (diameter,  mm)  were
btained  from  patients’  medical  records.  NTT  length  was
stimated  by  one  of  the  following  formulas16,17,20 according
o  the  patient’s  age  or  weight  (Table  1).

l
h
T
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a Weight (kg).
b Age (y).

tatistical  analysis

o  determine  the  total  sample  size  required  for  the  study,
e  used  the  previous  study  by  Antona  et  al.,16 evaluated  the
orrelation  between  formulas  and  correct  NTT  length;  the
east  correlation  coefficient  found  was  r  =  0.30.  This  deter-
ines  the  largest  required  sample  size  to  be  n  =  85  according

o  a  previously  suggested  calculator  for  correlation  sample
ize.21 Our  final  analysis  included  102  patients.  We  did  not
ut  the  patients  in  subgroups  based  on  age  or  weight;  how-
ver,  each  formula  had  its  own  conditions  according  to  the
eight  and  age.16,17,20 Pearson’s  correlation  coefficient  was
sed  to  find  the  correlation  between  each  formula  and  the
orrect  NTT  length  obtained  from  medical  records,  which
ad  correct  nasotracheal  intubation  according  to  CXR.  In
ddition,  Pearson’s  correlation  coefficient  (r)  was  used  to
nd  the  correlations  between  patient  demographics  (age,
eight,  and  height)  and  NTT  length  obtained  from  medi-
al  records.  Correlation  coefficient  was  considered  good  if

 0.7,  moderate  if  0.5---0.7,  and  poor  if  <  0.5.  Then,  linear
egression  was  used  to  obtain  a  formula  to  estimate  NTT
ength  by  weight,  height,  and  age.  All  analyses  were  per-
ormed  using  SPSS  v.22.  A  p-value  <  0.05  was  considered
ignificant.

esult

uring  this  study,  141  patients  underwent  nasotracheal
ntubation.  Thirty-one  patients  were  excluded  due  to  incom-
lete  medical  records,  and  the  remaining  110  cases  were
xamined  for  study  eligibility.  Finally,  102  patients  (51
emale,  51  male)  were  eligible  and  included  in  the  final  anal-
sis.  Two  patients  had  airway  anomalies,  and  six  CXRs  did
ot  meet  the  inclusion  criteria.  The  patients’  age  ranged
rom  2  days  to  4  years.  Eighty-two  patients  (80.4%)  were  ≤

 year-old  (Table  2).
Table  3  shows  the  correlation  among  4  suggested  for-

ulas  and  the  correct  tube  length.  Formula  2  ‘‘L=(3*tube
ize)+2’’20 had  the  highest  correlation  coefficient  with  tube
ength,  while  formula  3b  ‘‘15+(age/2)’’16 was  poorly  corre-
ated.

To  determine  a  new  formula  according  to  the  data
btained  in  this  study,  we  first  examined  the  correlation
etween  age,  weight,  and  height  of  the  patients  and  the

ength  of  correct  intubation.  According  to  Table  4,  height
ad  the  highest  correlation  coefficient  with  tube  length.
he  relationship  between  height  and  NTT  length  is  shown  in
igure  1. Therefore,  considering  height  as  an  independent

5
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Table  2  Children  patients’  characteristic.

N  (patients)  Gender  (boys/girls)  Age  (months)  Weight  (kg)  Height/length  (cm)

102  51/51  8  (12.2)  (2  days---4  years)  5.90  (4.07)  (2.20---22)  64.46  (17.11)  (40---127)

The data are presented as mean (SD) and (range).

Table  3  Correlation  between  suggested  NTT  length  by  formulas  and  correct  tube  length.

Formula  Participants Pearson’s  correlation  coefficient  (r) 95%  Confidence  Interval  p-value  Concordance  level

Formula  1[16]  99  0.583  0.304---0.895  <  0.001  moderate
Formula 2[20]  70  0.816  0.732---0.878  <  0.001  good
Formula 3a[17]  78  0.599  0.478---864  <  0.001  moderate
Formula 3b[17]  24  0.455  0.125---791  0.026  poor
Formula 4[23]  102  0.637  0.458---0.824  <  0.001  moderate

Table  4  Correlation  between  age,  weight,  and  height  with  tube  length.

Formula  Participants  Pearson’s  correlation  coefficient  (r)  95%  Confidence  Interval  p-value  Concordance  level

Age  102  0.776  0.677---0.862  <  0.001  good
Weight 102  0.600  0.330---0.883  <  0.001  moderate
Height 102  0.836  0.788---0.802  <  0.001  good
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Figure  1  Scatter  Plot  between  nasotrac

ariable  and  tube  length  as  a  dependent  variable,  using  lin-
ar  regression,  the  following  formula  for  determining  tube
ength  was  obtained:

asotrachealtubelength  =  0.09  ∗  height  +  7.06;

height(cm);
implifiedFormula  :  Nasotrachealtubelength  =
0.1  ∗  height  +  7;  height(cm)

m
t
f
r

58
tube  length  (cm)  and  child’s  height  (cm).

iscussion

his  study  compares  the  accuracy  of  previously  suggested
ormulas  predicting  correct  NTT  length  in  pediatrics  and
uggests  a  new  formula  based  on  the  child’s  height  to  esti-

ate  NTT  length.  According  to  variability  in  the  length  of

he  airway  in  children  of  the  same  age  or  weight,  suggested
ormulas  (based  on  age  or  weight)  may  not  be  sufficiently
eliable.22
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>  1  year-old  to  confirm  its  accuracy.  Second,  cases  with  con-
Brazilian  Journal  of  Anesth

In  a  prospective  study,  Antona  et  al.16 evaluated  the  con-
ordances  of  formulas  1  ‘‘10.5+(weight/2)’’,16 2  ‘‘L=(3*tube
ize)+2’’,20 and  4  ‘‘14+(age/2)’’23 with  correct  NTT  length  in
he  pediatric  intensive  care  unit.  Formula  4  ‘‘14+(age/2)’’23

howed  a  moderate  correlation  with  correct  tube  length
r  = 0.58).  Moreover,  in  our  study,  this  formula  showed  a
oderate  correlation  (r  =  0.63).  The  similarity  can  result

rom  almost  similar  mean  age  (8  months  in  this  study,  and
2.3  months  in  the  study  by  Antona  et  al.).  This  correla-
ion  demonstrates  that  formula  4  ‘‘14+(age/2)’’  (23)  (as  an
ge-based  formula)  is  not  reliable  for  children  in  a  low  age
roup.

Formula  1  ‘‘10.5+(weight/2)’’16 showed  good  correlation
ith  correct  NTT  length  (r  =  0.89)  in  the  study  by  Antona
t  al.,  but  in  our  study,  the  formula  showed  a  moderate
orrelation  (r  =  0.58).  Different  mean  weight  (5.9  kg  in  ours
nd  8.3  in  the  study  by  Antona  et  al.)  can  be  a  probable
ause.  This  different  result  can  be  explained  by  different
ethodologies.  Our  study  was  retrospective,  but  Antona

t  al.  followed  their  patients  prospectively.  Also,  we  evalu-
ted  children  undergoing  cardiac  surgery,  but  in  their  study,
ntona  et  al.  enrolled  children  who  had  been  admitted  to

CU.  These  different  underlying  conditions  may  also  affect
he  final  results.

Formula  2  ‘‘L=(3*tube  size)+2’’20 showed  a  good  corre-
ation  with  correct  NTT  length  in  both  the  study  by  Antona
t  al.  and  our  study  (r  =  0.75  and  0.71,  respectively).  It  can
e  concluded  that  this  formula  is  more  accurate  compared
o  others.

In  a  prospective  study  conducted  on  patients  who  were
andidates  for  elective  surgery  or  dental  procedures  under
eneral  anesthesia,  Kemper  et  al.10 calculated  the  percent-
ge  of  tube  tips  that  had  been  placed  in  the  correct  position.
hey  reported  that  92%  of  tube  tips  were  placed  in  the
orrect  position  using  formula  4  ‘‘14+(age/2)’’.23 This  for-
ula  was  the  second  best  among  the  suggested  formulas  in

ur  study.  This  difference  can  result  from  different  mean
ges.  In  the  study  by  Kemper  et  al.,  the  mean  age  was  5
ears,  whereas  in  our  study,  it  was  8  months.  It  can  be
oncluded  that  formula  4  ‘‘14+(age/2)’’23 is  not  accurate
nough  to  estimate  correct  NTT  length  in  lower  ages.  How-
ver,  different  methodologies  may  be  a  possible  cause.  We
nalyzed  the  correlation  coefficient  of  different  formulas
ith  actual  and  correct  NTT  length  in  children  who  were
orrectly  intubated.  Kemper  et  al.  reported  the  frequency
nd  percentage  of  correct  nasotracheal  intubations  using
ifferent  formulas.  They  also  reported  that  by  using  for-
ula  1  ‘‘10.5+(weight/2)’’,16 57%  of  tube  tips  were  placed

n  the  correct  position;  this  was  the  least  accurate  formula
mong  the  suggested  formulas.  Moreover,  in  our  study,  for-
ula  1  ‘‘10.5+(weight/2)’’,16 showed  moderate  correlation
ith  correct  NTT  length  (r  =  0.58).  This  shows  that  formula

 ‘‘10.5+(weight/2)’’16 is  not  reliable.  It  should  be  noted
hat  this  formula  is  suggested  for  children  <  4  years-old,
hile  in  Kemper  et  al.  study,  the  mean  age  was  5  years-old
nd  it  is  expected  that  fewer  children  were  <  4  years-
ld.

Kemper  et  al.  reported  that  64.5%  of  tube  tips  were
laced  in  the  correct  position  using  formula  2  ‘‘L=(3*tube

ize)+2’’,20 which  was  the  fourth-best  among  suggested  for-
ulas.  However,  in  our  study,  this  formula  showed  a  good

orrelation  (r  = 0.81).  Several  factors,  including  the  type  of

g
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tudy,  patients,  and  analysis,  can  be  possible  causes.  In  the
tudy  by  Kemper  et  al.,  all  tube  tips  (100%)  were  placed
n  the  correct  position  using  formula  3a  ‘‘9+(weight/2)’’.17

hus,  this  formula  showed  the  best  results  among  the  sug-
ested  formulas.  However,  Kemper  et  al.  assessed  only  seven
ases  with  ages  <  1  year  using  this  formula,  thus  making
he  result  unreliable.  In  our  study,  this  formula  showed  a
oderate  correlation  (r  =  0.59).  Formula  3b  ‘‘15+(age/2)’’17

howed  that  85%  of  tube  tips  had  been  placed  correctly;
hus,  this  was  the  third-best  among  suggested  formulas  in
he  study  by  Kemper  et  al.  In  our  study,  this  formula  showed

 poor  correlation  (r  =  0.49)  with  correct  tube  length.  This
ormula  is  used  for  children  >  1  year-old,  and  the  difference
an  be  explained  due  to  the  participation  of  fewer  children

 1  year-old  in  our  study.
The  new  formula  suggested  in  this  study  (tube

ength=height*0.1+7)  is  a simple  way  to  estimate  NTT  length.
e  could  not  find  previous  studies  estimating  NTT  length
ased  on  height.  This  formula  can  be  calculated  quickly,
nd  it  is  not  difficult  to  memorize.  The  child’s  height  is
asily  measurable  and  is  available  in  the  patient’s  medi-
al  records.  Moreover,  parents  can  recall  their  child’s  height
imply  and  correctly.  Height  compared  to  age  is  less  affected
n  conditions  such  as  failure  to  thrive,  malnutrition,  and
rematurity;  these  factors  make  height  more  reliable  than
eight.24 The  formula  can  be  used  in  patients  under  4  years
f  age  because  all  cases  in  this  study  were  equal  to  or  lower
han  4  years  of  age.  The  estimated  tube  length  must  be
onfirmed  by  immediate  respiratory  sound  auscultation  and
ostintubation  CXR  after  surgery.  Previous  formulas  had  sev-
ral  limitations.  For  example,  it  seems  that  the  use  of  age
n  children  under  one  year  is  not  appropriate,  and  Formula

 ‘‘(14  + age/2)’’23 calculates  the  tube  length  for  all  chil-
ren  <  1  year-old  around  14  cm,  which  seems  to  be  incorrect.
lthough  it  is  recalled  by  parents  easily  and  quickly  and  is
imply  available  in  patients’  medical  records,  weight  has
ome  limitations.  Weight  cannot  be  used  in  older  pediatrics
ecause  the  airway  does  not  grow  proportionally  with  weight
ain.16 Also,  in  failure  to  thrive,  weight  is  easily  affected.24

Formulas  based  on  the  size  of  the  tracheal  tube  are  not
ffected  by  a  child’s  nutritional  status.  However,  using  dif-
erent  tube  sizes  in  the  same  patients,  the  length  of  the
racheal  tube  varies,  which  limits  the  use  of  this  formula.
esides,  there  is  more  than  one  way  to  predict  tube  size.
any  ill  or  toxic  patients  who  require  intubation  are  suf-

ering  from  conditions  that  lead  to  airways  narrowing  such
s  infection,  edema,  and  local  injury  due  to  previous  intu-
ation.  In  these  situations  when  a  smaller  tracheal  tube  is
eeded,  this  size-based  formula  is  not  reliable.20

This  study  has  some  limitations.  First,  only  a  few  cases
ere  over  one  year  old.  We  evaluated  cardiac  surgery  cases
ho  were  mostly  suffering  from  congenital  heart  disease;

hus,  they  should  undergo  surgery  as  soon  as  possible  at
arlier  ages  (under  one  year).  This  did  not  lead  to  a  major
ias  in  our  final  results  and  conclusions  because  the  eval-
ated  formulas  have  their  own  conditions  according  to  the
atients’  age  and  weight.  However,  our  suggested  formula
hould  be  evaluated  in  different  studies  with  more  children
enital  airway  anomalies  and  abnormal  anatomies  were  not
valuated,  and  the  result  cannot  extend  to  these  children.
t  should  be  considered  that  this  study  was  retrospective,
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A.  Taghizadeh  Imani,  M.

nd  most  of  the  cases  were  under  one  year  of  age.  We
ecommend  that  future  studies  prospectively  evaluate  new
ormula  and  previous  formulas  in  children  over  1  year  old
--  for  instance,  children  who  require  general  anesthesia  for
ental  procedures.

onclusion

he  formula  ‘‘L=3*tube  size+2’’  and  the  new  suggested  for-
ula  in  this  study  ---  ‘‘L=0.1*height+7’’  ---  can  be  used  to

stimate  nasotracheal  tube  length  in  children  under  4  years
f  age.  However,  these  formulas  are  only  guides  and  require
onfirmation  by  auscultation  and  CXR.
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Abstract
Objectives:  Sitting  position  (SP)  or  prone  position  (PP)  are  used  for  posterior  fossa  surgery.  The
SP induced  reduction  in  cerebral  blood  flow  and  cerebral  oxygen  saturation  (rSO2)  has  been
shown in  shoulder  surgeries,  but  there  is  not  enough  data  in  intracranial  tumor  surgery.  Studies
showed that  PP  is  safe  in  terms  of  cerebral  oxygen  saturation  in  patients  undergoing  spinal
surgery. Our  hypothesis  is  that  the  SP  may  improve  cerebral  oxygenation  in  the  patients  with
intracranial  pathologies  due  to  reduction  in  intracranial  pressure.  Therefore,  we  compared  the
effects of  the  SP  and  PP  on  rSO2 in  patients  undergoing  posterior  fossa  tumor  surgery.
Methods:  Data  were  collected  patients  undergoing  posterior  fossa  surgery,  20  patients  in  SP
compared  to  21  patients  in  PP.  The  rSO2 was  assessed  using  INVOS  monitor.  Heart  rate  (HR),
mean arterial  pressure  (MAP),  EtCO2,  BIS,  and  bilateral  rSO2 were  recorded  preoperatively,  and
at 5,  8,  and  11  minutes  after  the  intubation  and  every  3  minutes  after  patient  positioning  until
the initial  surgical  incision.
Results:  Cerebral  oxygenation  slowly  reduced  in  both  the  sitting  and  prone  position  patients
following  the  positioning  (p  <  0.002),  without  any  difference  between  the  groups.  The  HR  and
MAP were  lower  in  the  sitting  SP  after  positioning  compared  to  the  PP.
Conclusion:  Neurosurgery  in  the  SP  and  PP  is  associated  with  slight  reduction  in  cerebral  oxy-
genation.  We  speculate  that  if  we  rise  the  lower  limit  of  MAP,  we  might  have  showed  the
beneficial effect  of  the  SP  on  rSO .
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O.K.  Dilmen,  E.F.  

ntroduction

he  sitting  (SP)  or  prone  positions  (PP)  are  used  for  pos-
erior  fossa  surgery.  The  SP  provides  optimum  access  to
idline  lesions  in  the  posterior  fossa,  improves  blood  and

erebral  spinal  fluid  drainage,  and  decreases  intracranial
ressure.1 However,  the  SP  in  anesthetized  patients  may
esult  in  a  decrease  in  mean  arterial  pressure  (MAP)  and
ardiac  output.2 These  hemodynamic  changes  may  cause  a
eduction  in  cerebral  blood  flow  and  cerebral  oxygen  sat-
ration.  Although  the  beach  chair  position  related  cerebral
schemia  has  been  reported  in  shoulder  surgery,  recent  stud-
es  suggest  that  prevention  of  position-induced  hypotension
ay  reduce  the  risk  of  cerebral  desaturation  in  the  sitting
osition  for  neurosurgical  procedures.3,4

The  PP  is  used  in  posterior  fossa  surgery  to  avoid  SP-
nduced  hemodynamic  changes  and  venous  air  embolism.
owever,  PP-induced  visual  loss  has  been  reported.5 In  addi-
ion  to  direct  ocular  pressure,  cerebral  hypoperfusion  may
acilitate  ocular  injury  in  PP  as  well.6 The  effect  of  the
P  on  cerebral  oxygenation  has  been  investigated  in  spinal
urgery  patients  and  studies  showed  that  PP  is  safe  in  terms
f  cerebral  oxygen  saturation.7,8

Near-infrared  spectroscopy  is  a  noninvasive  method
hich  uses  infrared  light  like  pulse  oximetry,  to  assess

egional  tissue  oxygenation  (rSO2)  by  measuring  the  absorp-
ion  of  infrared  light  by  tissue.  An  electrode  formed  by  a
ensor  and  light  source  is  placed  on  the  forehead  to  mea-
ure  cerebral  tissue  oxygenation.  The  amount  of  sensoring
ight  represents  mostly  venous  oxygen  saturation  (75-80%)
nd  the  range  varies  between  0-99%.

Our  hypothesis  is  that  the  sitting  position  may  improve
erebral  oxygenation  in  the  patients  with  intracranial
athologies,  due  to  reduction  in  intracranial  pressure.
herefore,  we  compared  the  effects  of  the  sitting  and  prone
ositions  on  the  cerebral  oxygenation  in  patients  under-
oing  posterior  fossa  tumor  surgery  by  the  near  infrared
pectroscopy  (NIRS).

ethods

he  Ethics  Committee  of  Istanbul  University-Cerrahpasa,
errahpasa  Medical  Faculty  (Chairperson  Prof  Ozgur  Kas-
pcapur)  provided  ethical  approval  for  this  study  on  4
ctober  2016  (Ethical  Committee  No  355075).  This  study
as  registered  to  ‘‘clinicaltrials.gov’’  with  the  identifier
CT02933749.  This  prospective,  randomized,  and  obser-
ational  study  was  performed  between  October  2016  and
une  2019  in  the  Istanbul  University-Cerrahpasa,  Cerrahpasa
edical  Faculty,  Neurosurgical  Operation  Rooms.  After  writ-

en  informed  consent,  44  ASA  I---III  patients  aged  between
8  to  70  years  scheduled  for  elective  posterior  fossa  tumor
urgery  were  included  in  the  study.

Exclusion  criteria  were  presence  of  carotid  artery
isease,  chronic  obstructive  lung  disease,  history  of  cere-
rovascular  disorder,  history  of  orthostatic  hypotension,
ncontrolled  hypertension,  symptomatic  coronary  artery

isease,  and  hemoglobin  concentration  less  than  9 g.dL-1.

Patients  were  randomized  to  one  of  two  groups  (the  SP
r  PP)  using  opaque  envelopes.  The  chief  anaesthesia  nurse
enerated  the  random  allocation  sequence;  the  consultant
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naesthesiologist  has  enrolled  participants  and  on  duty  neu-
osurgeon  assigned  cases  to  the  surgical  position.

Patients  were  sedated  with  intravenous  (IV)  midazo-
am  (0.05  mg.kg-1)  before  the  surgery  in  the  anesthesia
reparation  room.  In  the  operating  room,  after  routine  mon-
toring,  bispecteral  index  (BIS)  and  regional  cerebral  oxygen
aturation  (rSO2) monitoring  were  performed.  Regional  cere-
ral  oxygen  saturation  was  assessed  continuously  using  the
NVOS  cerebral  oximeter  (Medtronic  USA).  Sensors  of  oxime-
er  were  positioned  on  the  right  and  left  forehead  in
he  frontotemporal  position.  Anesthesia  was  induced  with
ropofol  (1.5---2  mg.kg-1),  rocuronium  (0.5  mg.kg-1)  and
emifentanil,  (0.1  �g.kg-1.min-1).  After  3  minutes  of  man-
al  ventilation  with  oxygen/air  (FiO2 =  0.8),  patients  were
ntubated.  Patients  were  ventilated  in  volume-controlled
ode,  tidal  volume:  8  mL.kg-1 (ideal  body  weight),  FiO2

 0.4,  inspiration:  expiration  ratio  of  1:2,  PEEP:  5  cmH2O
nd  respiratory  rate  (9---12  per  minute)  was  adjusted  to
aintain  PaCO2 in  the  range  of  36  to  38  mmHg.  The  FiO2

as  maintained  at  0.4  throughout  the  study.  Anesthesia
as  maintained  with  sevoflurane  0.8  MAC  in  oxygen/air

FiO2 =  0.40),  remifentanil  (0.05---0.1  �g.kg-1.min-1)  and
ocuronium  (0.01  mg.kg-1.min-1).  After  orotracheal  intuba-
ion  right  radial  artery  and  urinary  catheters  were  placed
nd  scalp  nerve  block  was  performed.  Two  miligrams  per
g  0.05  %  bupivacaine  was  applied  in  3  mL  injection
n  auriculotemporal,  zygomaticotemporal,  supraorbital,
upratrochlear,  greater  occipital,  and  lesser  occipital
erves.  Right  subclavian  vein  catheterization  was  per-
ormed,  and  500  mL  colloid  bolus  (Gelofusine,  Braun,
ermany)  administered  to  the  patients  planned  to  undergo
urgery  in  the  SP.  Following  the  pin  head  holder  placement
urgical  position  was  given.

Patients  heart  rate  (HR),  mean  arterial  pressure  (MAP),
nd  tidal  CO2 (EtCO2),  peripheral  oxygen  saturation  (sPO2),
IS  values,  left  and  right  rSO2 were  recorded  at  the  pre-
perative  period  5  minutes  after  the  intubation  (baseline),

 and  11  minutes  after  the  intubation,  and  every  3 min-
tes  after  positioning  until  the  initial  surgical  incision.  All
ecorded  data  were  compared  between  the  sitting  and  prone
osition  groups.  Arterial  blood  gas  analysis  was  performed

 minutes  before  the  surgical  incision  and  PaCO2 values  were
ecorded  and  compared  between  the  sitting  and  prone  posi-
ion  groups.  A  clinically  relevant  change  in  cerebral  oxygen
aturation  was  defined  as  a  change  greater  than  7%.  The
ritical  rSO2 level  was  defined  as  lower  than  55  %.  If  MAP
ecreased  below  55  mmHg,  intravenous  5  mg  ephedrine  was
dministered.

tatistical  analysis  and  sample  size

ased  on  our  pilot  study,  20  patients  are  needed  in  each
roup  to  detect  a  minimum  difference  of  7  %  in  rSO2 between
he  groups,  with  a  probability  of  error  type  II of  20%  (�  =  0.2)
nd  error  type  I  of  5  %  (�  =  0.05).

All  data  were  expressed  as  a  number  or  mean  (SD).
PSS  15.0  (SPSS  Inc,  Chicago)  was  used  for  statistical  analy-

is.  Pearson  �2  test  was  used  for  comparison  of  qualitative
ariables  between  the  groups  such  as  gender,  ASA  physical
tatus,  critical  rSO2 and  ephedrine  administration,  which
howed  binary  change.  Pearson  �2  or  Fisher’s  exact  test  was

0
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Figure  1  Flow  of  p

sed  for  comparison  of  diagnosis  between  the  groups.  The
olmogorov-Smirnov  test  was  used  to  evaluate  the  distribu-
ion  of  data.  All  data  was  normally  distributed;  therefore,
-test  was  used  for  comparisons  between  the  groups  and
ne-way  ANOVA  was  used  for  within  group  comparisons;

 <  0.05  was  considered  statistically  significant.

esults

orty-four  patients  were  enrolled  in  this  study.  Two  patients
andomized  to  Group  SP  and  one  patient  randomized  to
roup  PP  were  excluded  from  the  study  due  to  malfunction
f  the  cerebral  oximetry  probes  (Fig.  1).

The  study  groups  were  similar  with  respect  to  ASA  physi-
al  status,  gender,  age,  body  weight,  height,  and  body  mass
ndex  (Table  1).  Patients’  diagnoses  are  shown  in  Table  2.

There  was  no  statistically  significant  difference  with
espect  to  heart  rate  at  the  preoperative  period,  baseline,

 minutes  after  intubation,  11  minutes  after  intubation,  and
he  surgical  incision  periods  (p  =  0.814,  0.847,  0.528,  0.528,
nd  0.06  respectively;  Fig.  2).  The  heart  rate  was  lower  in

he  Group  SP  compared  to  the  Group  PP  at  the  measurement
ntervals  3,  6,  9  and  12  minutes  after  positioning  (p  =  0.013,
.029,  0.024  and  0.044,  respectively;  Fig.  2).  The  heart  rate
as  statistically  significantly  reduced  from  baseline  to  fol-
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ipants  in  the  study.

owing  measurement  intervals  in  each  group  (p  <  0.001,
ig.  2).

There  was  no  statistically  significant  difference  with
espect  to  MAP  at  the  preoperative  period,  baseline,  8  min-
tes  after  intubation,  12  minutes  after  positioning,  and  the
urgical  incision  periods  (p  =  0.300,  0.144,  0.203,  0.051  and
.053,  respectively;  Fig.  2).  The  MAP  was  lower  in  the  Group
P  compared  to  the  Group  PP  at  the  measurement  intervals
1  minute  after  intubation,  3,  6  and  9  minutes  after  posi-
ioning  (p  =  0.020,  0.001,  0.001,  and  0.005  respectively;
ig.  2).  The  MAP  levels  statistically  significantly  reduced
rom  baseline  to  following  measurement  intervals  in  each
roup  (p  <  0.001,  Fig.  2).

There  was  no  statistically  significant  difference  with
espect  to  left  and  right  rSO2 levels  at  all  measurement
ntervals  between  the  groups  (p  >  0.05,  Fig.  3).  The  baseline
eft  and  right  rSO2 levels  statistically  significantly  reduced  at
ollowing  measurement  intervals  in  each  group  (p  <  0.002,
ig.  3).

There  was  no  statistically  significant  difference  with
espect  to  BIS  and  end-tidal  CO2 levels  at  all  measurement
ntervals  between  the  groups  and  within  group  comparisons.
There  was  no  statistically  significant  difference  with
espect  to  critical  rSO2 levels  and  need  of  ephedrine
dministration  between  the  groups  (p  =  0.920  and  0.939

1
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Table  1  Patient  characteristics,  critical  rSO2,  ephedrine  administration  and  PaCO2.

Group  SP  Group  PP  p*
n =  20  n  =  21

ASA,  I/II/III  (n)  11/7/2  14/6/1  0.689
Gender, M/F  (n)a 7/13  7/14  0.910
Age, years,  mean  ±  SDb 38.40  ±  16.24 42.62  ±  13.67 0.373
Height, cm,  mean  ±  SDb 166.40  ±  9.04  163.71  ±  8.48  0.333
Weight, kg,  mean  ±  SDb 77.35  ±  13.35  71.90  ±  15.32  0.233
BMI, kg.m-2,  mean  ±  SDb 26.68  ±  4.69  27.79  ±  5.43  0.488
Critical rSO2,  (n)a 6/14  6/15  0.920
Ephedrine administration,  (n)a 4/16  4/17  0.939
PaCO2,  mean  ±  SDb 34.71  ±  2.90  36.94  ±  3.73  0.039

ASA, American Society of Anesthesiologists; BMI, Body Mass Index; n, number.
Comparison between the groups.
p < 0.05 indicates a statistically significant difference.

a Pearson �2 test.
b t-test.

Figure  2  Heart  rate  and  Mean  Arterial  Pressure.
Heart rate  (HR)  and  mean  arterial  pressure  (MAP)  for  the  patients  in  the  Group  SP  (Sitting  position)  and  in  the  Group  PP  (Prone
position). Data  are  presented  as  mean  (SD).
p*: comparison  between  the  groups,  t-test.
p**:  within  group  comparisons,  one-way  ANOVA,  **  p  <  0.001  for  all.
*
* y.
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 p  values  for  HR  are  0.013,0.029,  0.024  and  0.044  respectively.
 p  values  for  MAP  are  0.02,  0.001,  0.001  and  0.005  respectivel

espectively,  Table  1).  The  PaCO2 levels  were  lower  in  the
roup  SP  compared  to  the  Group  PP  (p  =  0.039,  Table  1).

Weak  or  no  correlation  was  determined  between  the  MAP
nd  left  as  well  as  right  rSO2 levels.  Pearson  correlation  coef-
cients  between  MAP  and  left  rSO2 levels  were  r  =  0.192  at
he  preoperative  period,  r  =  0.450  at  the  baseline,  r  =  0.218
t  8  min  after  intubation,  r  =  0.088  at  11  min  after  intu-
ation,  r  =  0.281  at  3  min  after  positioning,  r  =  0.270  at

 min  after  positioning,  r  =  0.144  at  9  min  after  position-
ng,  r =  0.148  at  12  min  after  positioning  and  r  =  0.093
t  the  surgical  incision  periods.  Pearson  correlation  coef-
cients  between  MAP  and  right  rSO2 levels  were  r  =  0.043  at

he  preoperative  period,  r  =  0.311  at  the  baseline,  r  =  0.170
t  8  min  after  intubation,  r  =  0.114  at  11  min  after  intu-
ation,  r  =  0.376  at  3  min  after  positioning,  r  =  0.357  at
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 min  after  positioning,  r  =  0.316  at  9  min  after  position-
ng,  r =  0.375  at  12  min  after  positioning  and  r  =  0.201  at
he  surgical  incision  periods.  Strong  correlation  was  deter-
ined  between  the  left  and  right  rSO2 levels  (r  =  0.666  at  the
reoperative  period,  r  =  0.759  at  the  baseline,  r  =  0.837  at

 min  after  intubation,  r  =  0.830  at  11  min  after  intubation,
 =  0.779  at  3  min  after  positioning,  r  =  0.770  at  6 min  after
ositioning,  r  =  0.788  at  9  min  after  positioning,  r  =  0.809  at
2  min  after  positioning  and  r  =  0.499  at  the  surgical  incision
eriods).
iscussions

he  primary  endpoint  of  the  present  study  was  cerebral  oxy-
enation.  We  observed  that  it  slowly  reduced  in  both  the

2
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Figure  3  Left  and  Right  rSO2.

Left  and  Right  rSO2 for  the  patients  in  the  Group  SP  (Sitting  position)  and  in  the  Group  PP  (prone  position).  The  data  are  presented
as mean  (SD).
p**:  within  group  comparisons,  one-way  ANOVA,  **p  <  0.002  for  all.
There was  no  statistically  significant  difference  with  respect  to  left  and  right  rSO2 levels  between  the  groups.  p-values  for  left  rSO2

=  0.694,  0.882,  0.675,  0.812,  0.400,  0.552,  0.929,  0.655,  0.383,  an
0.614, 0.730,  0.999,  0.463,  respectively.

Table  2  Patients’  diagnosis.

Group  SP  Group  PP  p*
n  =  20  n  =  21

Schwannoma  (n)a 6  2  0.130
Meningioma  (n)b 6  6  0.920
Glial tumor  (n)a 3  6  0.454
Epidermoid  tumor  (n)a 2  1  0.606
Cavernoma  (n)a 1  2  1.00
Glomus  jugulare  tumor  (n)a 1  0  0.488
Hemangioma  (n)a 0  1  1.00
Neurofibroma  (n)a 1  0  0.488
Metastasis  (n)a 0  2  0.454
Ependymoma  (n)a 0  1  0.488

n, number.
Comparison between the groups.
p < 0.05 indicates a statistically significant difference.
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a Fisher’s exact test.
b Pearson �2 test.

itting  and  prone  position  patients  following  the  position-
ng.  We  did  not  find  any  differences  in  cerebral  oxygenation
etween  the  sitting  and  prone  position  groups.  The  heart
ate  and  MAP  were  lower  in  the  sitting  position  patients  after
ositioning  compared  to  prone  position.

Change  in  posture  in  anesthetized  patients  from  the
upine  to  the  sitting  position  results  in  reduction  in  cardiac
utput  (CO),  MAP,  and  cerebral  perfusion  pressure  (CPP).9

n  awake  patients,  this  type  postural  changes  trigger  sym-
athetic  nervous  system  activation,  hence  systemic  vascular
esistance  and  heart  rate  are  increased  to  maintain  MAP  and
O.10 In  anesthetized  patients,  the  sympathetic  nervous  sys-
em  activation  is  attenuated  by  the  vasodilating  effect  of
nesthetic  drugs.  These  hemodynamic  changes  may  cause

eduction  in  cerebral  blood  flow  and  cerebral  oxygen  satu-
ation.

Murphy  GS  et  al.11 compared  beach  chair  and  lateral
ecubitus  positions  in  terms  of  the  incidence  of  cerebral
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d  p-values  for  right  rSO2 =  0.866,  0.985,  0.788,  0.698,  0.562,

esaturation  events  by  NIRS  in  patients  undergoing  shoul-
er  surgery.  Although  they  provide  a  stringent  hemodynamic
tability  using  phenylephrine,  ephedrine,  and  fluid  adminis-
ration  to  prevent  hypotension,  they  found  that  rSO2 levels
ere  lower  in  the  beach  chair  position  (BCP).  Similar  results
ere  obtained  by  Closhen  et  al.,12 and  they  found  that  BCP  is
ssociated  with  a  decrease  in  rSO2 levels.  Distinct  from  the
urphy’s,11 study  they  determined  a  correlation  between

he  MAP  and  rSO2 levels  in  the  BCP.  On  the  other  hand,
nother  study  showed  that  under  general  anesthesia  the  BCP
id  not  alter  cerebral  oxygenation  in  patients  undergoing
houlder  surgery.13

Although  several  studies  investigated  the  effect  of  sit-
ing  position  on  cerebral  oxygenation  in  patients  undergoing
rthopedic  surgery,  very  few  studies  performed  in  the  neu-
osurgical  setting.  Schramm  et  al.4 evaluated  the  effect
f  the  SP  on  cerebral  oxygenation  in  patients  undergoing
orsal  cranium  surgery  and  they  found  that  the  cerebral
xygen  saturation  slowly  increased  in  SP.  Similar  to  the
chramm  et  al.4 trial  our  hypothesis  is  that  sitting  position
ay  improve  the  cerebral  oxygenation  in  the  patients  with

ntracranial  pathology  because  it  reduces  intracranial  pres-
ure.  Schramm  et  al.4 monitored  and  provided  a  constant
O,  and  they  could  show  the  beneficial  effect  of  the  SP  on
erebral  oxygenation.  In  our  study,  we  did  not  monitor  CO
nd  we  kept  the  MAP  >  55  mmHg  using  ephedrine  adminis-
ration  if  needed.  Cerebral  oxygenation  slowly  reduced  in
oth  the  sitting  and  prone  position  patients  following  the
ositioning.  In  our  study  population,  although  the  MAP  lev-
ls  were  lower  in  Group  SP  compared  to  Group  PP,  there  was
o  difference  in  cerebral  oxygenation  between  the  groups.
t  this  point,  we  could  speculate  that  if  we  could  rise  the

ower  limit  of  the  MAP  or  monitored  and  kept  a  stable  CO  in
ur  study  population,  we  might  have  showed  the  beneficial
ffect  of  the  SP  on  cerebral  oxygenation  compared  to  the

P.

One  can  also  argue  that  prone  position  may  cause
mpaired  cerebral  venous  drainage  and  thus  result  in  a
eduction  of  cerebral  perfusion.  The  effect  of  the  PP  on  the

3
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erebral  oxygenation  is  still  controversial.  Closhen  et  al.7

nvestigated  the  change  in  cerebral  oxygenation  in  patients
ndergoing  spinal  surgery  and  found  a  small  increase  in
erebral  oxygenation  (less  than  5%)  in  the  prone  position.
abakhani  et  al.8 showed  reduction  in  cerebral  oxygenation

n  the  same  surgery  population  following  prone  positioning,
hough.  This  reduction  was  not  clinically  important.  Similar
o  Babakhani  et  al.8 studies,  we  showed  that  a  small,  clin-
cally  unimportant  reduction  in  cerebral  oxygenation  in  the
roup  PP.

The  change  in  cerebral  oxygen  saturation  may  be  the
esult  of  multiple  factors.  To  eliminate  one  of  these  factors,
he  FiO2 was  maintained  at  0.4  after  intubation  throughout
he  study  period.  The  ventilation  strategy  can  also  impact  on
erebral  oxygenation.  Murphy  GS  et  al14 showed  that  cere-
ral  oxygenation  was  significantly  improved  in  the  sitting
osition  when  ventilation  was  adjusted  to  maintain  EtCO2

t  40---42  mmHg  compared  with  30---32  mmHg.  In  our  study,
here  was  no  difference  in  terms  of  EtCO2 levels  between
he  groups  and  although  statistically  significant,  the  2  mmHg
igher  PaCO2 in  the  Group  PP  was  not  clinically  impor-
ant.

This  study  has  some  limitations.  Our  study  period  was
nished  with  the  surgical  incision.  Various  intraoperative
actors  may  alter  the  cerebral  oxygenation.  Intraoperative
lood  loss,  hemoglobin  levels,  or  amount  of  administered
uids  are  just  a  few  of  these  factors  that  could  have  meddled
he  study  results  if  we  continued  to  take  further  measure-
ents.  Our  hypothesis  was  that  the  sitting  position  may

mprove  cerebral  oxygenation  in  patients  with  intracranial
umor,  due  to  reduction  in  intracranial  pressure.  After  dura
pening,  intracranial  pressure  becomes  equal  to  the  atmo-
pheric  pressure.  To  establish  our  hypothesis,  we  finished
ur  study  period  at  the  time  of  first  surgical  incision.  Thus,
e  took  our  final  measurement  at  the  time  of  first  surgi-
al  incision  to  evaluate  only  the  effect  of  position  on  the
erebral  oxygenation.  Lack  of  CO  monitoring  poses  another
imitation  for  our  study.  CO  monitoring  and  acting  on  it  to
eep  stable  CO  could  allow  us  to  better  show  the  beneficial
ffect  of  the  SP  on  cerebral  oxygenation  compared  to  the
P.  If  we  could  increase  the  sample  size,  we  could  increase
he  power  of  study.

onclusion

erebral  oxygenation  was  slightly  reduced  in  both  the  sitting
nd  prone  position  patients  following  the  positioning,  with-
ut  any  difference  between  the  groups.  The  HR  and  MAP

ere  lower  in  the  sitting  SP  after  positioning  compared  to

he  PP.  We  could  speculate  that  if  we  could  rise  the  lower
imit  of  the  MAP  in  the  SP  group,  we  might  have  showed  the
eneficial  effect  of  the  SP  on  cerebral  oxygenation  com-
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ared  to  the  PP.  Further  and  larger  sample  sized  studies  are
eeded  to  prove  that.
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Abstract
Background: Modified thoracoabdominal nerve block through perichondrial approach is a novel
fascial plane block and provides abdominal analgesia by blocking thoracoabdominal nerves. Our
primary aim was to evaluate the efficacy of M-TAPA on quality of recovery and pain scores in
patients who underwent laparoscopic inguinal hernia repair surgery (Trans Abdominal Pre-Perito-
neal approach ‒ TAPP).
Methods: Patients with American Society of Anesthesiologists (ASA) physical status I−II aged
between 18 and 65 years scheduled for elective TAPP under general anesthesia were enrolled in
the study. After intubation, the patients were randomized into two groups: M: M-TAPA group
(n = 30) and the control group (n = 30). M-TAPAwas performed with total 40 ml 0.25% bupivacaine
in the M group. Surgical infiltration was performed in the control group. The primary outcome of
the study was the global quality of recovery score, the secondary outcomes were pain scores,
rescue analgesic demands, and adverse effects during the 24-h postoperative period.
Results: The global quality of recovery scores at 24 h were significantly higher in the M group (p
< 0.001). There was a reduction in the median static and dynamic NRS for the first postopera-
tive 8 h in the M group compared to the control group (p < 0.001). The need for rescue analgesia
was significantly lower in the M group compared to the control group (13 patients vs. 24
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Ciftci).
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de Anestesiologia. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-
rg/licenses/by-nc-nd/4.0/).
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respectively, p < 0.001). The incidence of side effects was significantly higher in the control
group (p < 0.001).
Conclusion: In our study, M-TAPA increased patient recovery scores, and provided pain relief in
patients who underwent TAPP.
Register Number: NCT05199922.
© 2023 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

There are several methods of regional anesthesia for
managing postoperative pain after abdominal surgeries.1,2

Recently, Tulgar et al. defined that thoracoabdominal nerves
through the perichondrial approach (TAPA) block reach a
wider dermatomal area than other techniques such as Trans-
versus Abdominis Plane (TAP) block, Oblique Subcostal TAP
(OSTAP) block, and serratus intercostal plane block (SIPB).3

After defining the TAPA block, Tulgar et al. modified it as the
modified-TAPA (M-TAPA) block.4 While TAPA is performed on
both the upper and lower aspects of the costochondral chon-
drium at the 9th‒10th costal levels, M-TAPA is performed only
on the lower aspect of the chondrium at the same level
under Ultrasound (US) guidance.3,4 By injecting local anes-
thetic to the lower aspect of the costochondrium, M-TAPA
targets T4/T5-T12/L1 thoracoabdominal nerves.3-5 It pro-
vides abdominal analgesia by blocking anterior and lateral
cutaneous branches.2-6 Although there are reports about the
analgesic efficacy of M-TAPA for minor and major abdominal
surgeries,3-11 randomized studies are limited.

Inguinal hernia repair surgery is one of the most common
surgeries (15% of general surgery procedures).11 Laparo-
scopic surgery is commonly used for inguinal hernia repair
since the laparoscopic technique is minimally invasive and
has a lower complication rate than open surgery.12 Although
the laparoscopic technique has these advantages, patients
may have moderate-to-severe pain after surgery. Pain usu-
ally occurs because of factors such as port incision sites and
insufflation into the abdominal cavity.12,13 Therefore, pain
control after laparoscopic inguinal hernia repair surgery
(Trans Abdominal Pre-Peritoneal approach ‒ TAPP) is an
important issue.11 Several regional anesthesia techniques
may be used to achieve this goal.1,2 However, there is no
study on the efficacy of M-TAPA for pain management after
TAPP.

In this prospective trial, we aimed to evaluate the effi-
cacy of US-guided M-TAPA block in patients who underwent
TAPP and investigate its impact on patient recovery and pain
management compared with the periportal infiltration con-
trol group.
Methods

Study design

This was a single-center, prospective, and randomized trial.
Ethical approval for this trial was provided by the Ethics and
Research Committee of Istanbul Medipol University
(06.01.2022, decision n°34). The study was registered with
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clinical trials.gov (NCT05199922). American Society of Anes-
thesiologists (ASA) physical status I−II patients aged
between 18 and 65 years scheduled for elective TAPP under
general anesthesia were enrolled in the trial. The study and
block procedure were explained to the participants, and
they signed a written informed consent. The Consolidated
Standards of Reporting Trials (CONSORT) flow diagram chart
was used for patient enrollment (Fig. 1). The study was per-
formed at the Medipol University Hospital between January
and July 2022. The exclusion criteria were bleeding diathe-
sis, anticoagulant treatment, local anesthetics or opioid
allergy, infection at the block area, refusal of the procedure,
and inability to understand or use the verbal-rated pain-
scoring system and Quality of Recovery-40 (QoR-40) ques-
tionnaire.
General anesthesia application

The patients were monitored with electrocardiography, non-
invasive blood pressure, and pulse oximetry in the operation
room. Propofol, fentanyl, and rocuronium intravenous (IV)
were used for anesthesia induction (respectively; 2−2.5 mg.
kg�1, 1−1.5 mg.kg�1, and 0.6 mg.kg�1). Sevoflurane was
used for anesthesia maintenance in a mixture of oxygen and
fresh air and remifentanil infusion (0.01−0.1 mg.kg�1.
min�1). All patients underwent unilateral/bilateral TAPP
with the same procedure. Ibuprofen (400 mg) and tramadol
(100 mg) were administered intravenously to all patients
thirty minutes before the end of the surgery for multimodal
analgesia. The patients were given 4 mg ondansetron for
nausea and vomiting prophylaxis. Patients were extubated
at the end of the operation and transferred to the Postanes-
thesia Care Unit (PACU).
Grouping and randomization

After intubation, the patients were randomly allocated into
two groups: M: M-TAPA group (n = 30) and the periportal infil-
tration control group (n = 30). Randomization was performed
using a computerized randomization program. A randomiza-
tion table was created, and each patient enrolled in the
study was assigned a random ID. All patients were blinded to
the study. The postoperative outcome evaluations were per-
formed by a blinded pain nurse anesthetist. The pain nurse
anesthetist recorded the postoperative pain scores, need for
rescue analgesia, rate of adverse events, and QoR-40 scores
of the patients.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1 CONSORT flow diagram of the study.
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Block procedure: M-TAPA technique

M-TAPAwas performed at the end of the surgery before extu-
bation. Under aseptic conditions, a high-frequency linear
transducer (11−12 MHz) was used for the block procedure.
The probe was placed on the costochondral angle in the sag-
ittal plane.4,6 It was slightly angled deeply to visualize the
lower view of the perichondrium centrally (Fig. 2). A
22G £ 80 mm block needle (Braun Stimuplex Ultra 360,
Germany) was inserted. The needle tip was placed under
the chondrium, and 5 ml saline was injected for correction.
Twenty ml of 0.25% bupivacaine was injected into the lower
aspect of the chondrium (Fig. 3). The same process was per-
formed on the opposite side (in total, 40 ml of a local anes-
thetic).

In the periportal infiltration control group, the surgeon
injected a dose of 0.25% bupivacaine (20 ml) around the inci-
sional site ports.
Postoperative analgesia management and outcomes

Patients were administered ibuprofen 400 mg IV every 8 h in
the postoperative period. Postoperative pain evaluation was
performed by using the 11-point Numerical Rating Scale
(NRS) (0 - meaning “no pain” to 10 - meaning “worst pain
imaginable”). NRS (static-at rest/dynamic-while movement)
was assessed at 0 (PACU), 2nd, 4th, 8th, 16th, and 24th hours.
If the NRS was ≥4, patients received 1 mg.kg�1 tramadol IV
as rescue analgesia.

The primary outcome of the study was the global quality
of recovery score. We used the Turkish version of the 40-
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item Questionnaire (QoR-40) for the study. We evaluated the
QoR-40 24 h postoperatively.

The secondary outcomes were the NRS scores, rescue
analgesic demands, and adverse effects recorded during
the 24-h postoperative period. The rescue analgesia demand
was assessed as “used” or “not used” (yes/no). The inci-
dence of nausea/vomiting/itching was assessed as “yes” or
“no.”

Sample size and statistical analysis

The sample size of the study was calculated using the
G*Power program (V.3.1.9). We performed a preliminary
study with 16 patients in our department. The power analy-
sis was based on QoR-40 scores, which was the primary out-
come of the study. In a previous study,14 there was a
difference of 10 points in QoR-40 scores between groups,
and the authors accepted it as clinically meaningful. The
mean of QoR-40 scores of the preliminary study
was 154 points with SD = 8.35. Assuming a error = 0.05 (two-
tailed) and b error = 0.01 with a power of 0.99, at
least 27 patients for each group were required to acquire
statistical significance. We included 30 patients per group,
considering possible dropouts.

IBM SPSS Statistics for Windows (Version 22.0; IBM Corp.,
Armonk, NY, USA) was used for statistical analyses. The data
distribution was analyzed with The Shapiro-Wilk test. The
categorical data (gender, ASA physical status, rescue analge-
sic usage, incidence of adverse effects) were compared with
the Pearson Chi-Square test between groups. Student’s t-
test was used to control for differences between the groups
at the 5% significance level for the normally distributed



Figure 2 Patient and probe position during M-TAPA.
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continuous variables (demographic data and duration times
of surgery and anesthesia, and QoR-40). The Mann-Whitney
U test was used for data without normal distribution (NRS).
The statistical significance threshold was p < 0.05. Bonfer-
roni correction was used for the analysis of NRS. Statistical
significance was adjusted to p < 0.0083 due to measure-
ments from six time points.
Results

Sixty patients were recruited, with 30 allocated randomly to
each group during the study period (Fig. 1 CONSORT). There
were no differences between groups in terms of demo-
graphic data, surgery type (unilateral/bilateral), and opera-
tion and anesthesia times (Table 1).

The static and dynamic NRS scores were significantly
lower in group M compared to the periportal infiltration con-
trol group at the first postoperative 8 h (p < 0.001) (Table 2).
598
There was a significant difference in terms of mean QoR-40
scores between groups. The mean QoR-40 score was 179.7 §
14 in group M and 158.3 § 8 in the periportal infiltration con-
trol group (p < 0.001) (Table 3). There was a significant dif-
ference in terms of scores of all dimensions except for
physical independence (Table 3).

The rate of nausea/vomiting/itching was significantly
higher in the periportal infiltration control group than in
group M (7 vs. 19, 6 vs. 18, and 8 vs. 20 patients, respec-
tively, p < 0.001). The number of patients who demanded
rescue analgesia was significantly lower in group M than in
the periportal infiltration control group (13 vs. 24 patients,
p < 0.001) (Table 4).
Discussion

According to the results, global patient recovery scores were
higher in the group M compared to the periportal infiltration
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control group. The difference in the QoR-40 scores between
groups was clinically meaningful in favor of the M group. NRS
and rescue analgesia used were significantly lower in the
group M compared to the periportal infiltration control
group. The incidence of adverse effects was lower in the
group M. All these factors contributed to increasing the qual-
ity of recovery following M-TAPA.

Patient recovery after surgery and anesthesia is an impor-
tant issue, especially for daily surgeries such as laparoscopic
operations.15 Several factors, such as pain, mobilization,
emotional status etc., affect recovery.15,16 In recent years,
patients have been evaluated from a general point of view
in the postoperative period, instead of just analgesic or opi-
oid consumption. QoR-40 provides this. That is why we
decided to make our primary goal QoR-40. The QoR-40 was
first described in 2000 and is the most take out commonly
preferred measure for evaluating quality of recovery.17 The
QoR-40 is a useful objective measure in routine
practice.17,18 The QoR-40 includes the following items: 9-
item emotional status, 12-item physical comfort, 7-item
psychological support, 5-item physical independence and 7-
item pain. In the literature, Altiparmak et al. evaluated the
effect of the rhomboid intercostal block on the quality of
recovery after breast surgery.19 Yao et al. evaluated the
effect of serratus anterior plane block for the same aim
after breast surgery.20 In the two studies, authors reported
that the global QoR-40 score was higher in the regional anes-
thesia groups than in the control groups. According to the
results of our study, M-TAPA provided higher quality recovery
scores compared to the control group 24 h postoperatively.

The anterior and lateral abdominal regions are inner-
vated by the anterior branches of the thoracoabdominal
nerves (T7‒T12), and L1.1,2,21 Transversus Abdominis Plane
(TAP) is the region between the internal oblique and trans-
versus abdominis muscles. The branches of the T7-L1 spinal
nerves present in the TAP region. Therefore, sensory block-
ade from T7 to L1 is provided by injecting local anesthetics
into TAP.1,2 There are several techniques with this aim.1,2

TAP block is performed to provide abdominal analgesia.
However, it has some disadvantages, such as insufficient
pain control because TAP needs a more posterior injection
to cover the T11 and T12 lateral cutaneous branches.2 Obli-
que subcostal transversus abdominis plane (OSTAP) block
provides sensory blockade of T7-L1 by blocking the mid-
abdomen and a part of the lateral abdomen. However,
OSTAP may have difficulties in application and requires a
larger volume of local anesthetics (40−80 ml).2 In addition,
OSTAP may not block the lateral cutaneous branches of the
thoracoabdominal nerves (T7‒L1) in the lateral abdomen.2,3

Erector Spinae Plane Block (ESPB) may be preferred for
abdominal analgesia,22 but it may be difficult to position the
patient from a supine position to a lateral decubitus posi-
tion.3 M-TAPA is performed deep into the costochondral
aspect at the 9th‒10th costal level, the origin of the TAP.4

Injecting the LA deep into the chondrium provides blockage
of both the anterior and lateral cutaneous branches.4,6 In
inguinal hernia repair surgery, it is important to extend the
interfascial block over T12‒L1.1,2,11 The anterior branch of
L1 often receives a branch from T12. Blocking the T12 and
L1 lateral cutaneous branches may be difficult since both
nerves originate posteriorly and pass deeply before entering
the TAP.1,2 The administration of LA just below the ribs



Table 1 Comparison of demographic data and duration of surgery and anesthesia.

Group M (n = 30) Group Control
(n = 30)

p Mean
difference

95% Confidence
Interval of the
difference

Gender (M/F) 20/10 18/12 0.789
Age (years) 47 § 13 48 § 11 0.711 -1.2 -7.65 to 5.25
Weight (kg) 75 § 10 80 § 11 0.094 -4.8 -10.4 to 0.84
Height (cm) 169 § 8 170 § 7 0.574 -1.1 -5.2 to 2.95
ASA I/II 10/20 12/18 1
Unilateral/Bilateral Surgery 14/16 11/19 1
Duration of surgery (min) 58 § 7 62 § 6 0.264 -4.1 -7.7 to -0.5
Duration of anesthesia (min) 78 § 7 76 § 7 0.264 2.1 -1.6 to 6

Values are expressed as mean § standard deviation or number.
Kg, kilogram; cm, centimeter; M, male; F, female; min, minutes; ASA, American Society of Anesthesiologists physical status.
p-value obtained with Student’s t-test. (mean § SD).
p-value obtained with Pearson’s x2 test (n).

Table 2 Comparison of the average Numerical Rating Scale
scores.

NRS Static

Hour Group M
(n = 30)

Control group
(n = 30)

p

0 0 (0‒1) 4 (4‒5) <0.001
2 1 (0‒1) 3 (3‒4) <0.001
4 0 (0‒1) 2 (2‒3) <0.001
8 0 (0‒1) 2 (2‒1) <0.001
16 2 (2‒3) 3 (2‒3) 0.198
24 2 (1‒2) 1 (1‒2) 0.129

NRS Dynamic

Hour

0 1 (0‒2) 6 (5‒6) <0.001
2 1 (0‒2) 5 (3‒5) <0.001
4 1 (0‒2) 3 (3‒4) <0.001
8 0 (0‒1) 3 (3‒4) <0.001
16 3 (2‒3) 3 (2‒3) 0.797
24 2 (1‒2) 2 (1‒2) 0.200

Values are expressed as median (percentiles 25−75), NRS,
Numerical Rating Scale; p-value, obtained with Mann-Whitney U
test. Bonferroni correction was used for analysis of NRS.

Table 3 The comparison of global and dimension QoR-40 score at

QoR-40 M-TAPA (n = 30) Control (n = 30)

Physical comfort 53.7 § 4.7 46.6 § 2.27
Emotional status 40.1 § 3.09 37.73 § 2.53
Physical independence 21.33 § 2.9 20.7 § 1.08
Psychological support 31.16 § 3.62 26.16 § 2.1
Pain 32.96 § 2.44 27.1 § 2.48
Global 179.76 § 14.89 158.36 § 8.64

Values are expressed mean § standard deviation or number.
p-value obtained with Student’s t-test. (mean § SD).
p-value obtained with Pearson’s x2 test (n).
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through the endothoracic fascia was reported to achieve
multilevel thoracoabdominal nerve block.6,23 The dermato-
mal coverage of the T12 and L1 on the anterior side of the
inguinal region may be due to cranial needle direction.6 The
application just below the ribs and cranial needle direction
may be the responsible mechanism for M-TAPA. Ciftci et al.
reported that M-TAPA extended a large area over TAP in their
cadaveric examination.5 Aikawa et al. performed sensory
evaluation of M-TAPA in patients who underwent gynecologi-
cal laparoscopic surgery.6 They reported an average derma-
tomal area between T4‒L1 in the anterior and T4‒L1 in the
lateral abdominal area. Although the authors emphasized
that M-TAPA provided limited dermatomal coverage, and the
anterior dermatomal area was better than the lateral, the
success of interfascial plane blocks may vary due to several
factors, such as the volume and spread of LA in the cranio-
caudal way.6,24 Bilge et al. compared the efficiency of M-
TAPA vs. control group after laparoscopic cholecystectomy
surgery. They performed M-TAPA with 25 ml volume of 0.25%
bupivacaine.25 They reported that M-TAPA improved postop-
erative QoR scores and provided pain control after surgery.
According to Bilge et al’s study, M-TAPA provided pain relief
for upper abdominal surgery. Our surgery type was TAPP and
inguinal hernia surgery, lower abdominal surgery. Both sur-
geries are laparoscopic but there are differences in terms of
surgical side. A question comes in mind if M-TAPA can provide
analgesia for L1 dermatome. We did not evaluate
postoperative 24th hour.

p Mean
difference

95% Confidence Interval of
the difference

0.001 7.1 5.19 to 9
0.002 2.4 0.93 to 3.86
0.193 0.63 -0.32 to 1.59
0.001 5 3.46 to 6.53
0.001 5.86 4.59 to 7.13
0.001 21.4 15.1 to 27.69



Table 4 Comparison of incidence of adverse effects, and
the need for rescue analgesia.

Group M
(n = 30)

Group Control
(n = 30)

p

Nausea (Y/N) 7/23 19/11 <0.001
Vomiting (Y/N) 6/24 18/12 <0.001
Itching (Y/N) 8/22 20/10 <0.001
Need for rescue

analgesia (Y/N)
13/17 24/6 <0.001

yp-value obtained with Pearson’s x2 test (n).
*p-value obtained with Student’s. t-test (mean § SD).
Y, Yes; N, No.
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dermatome levels, however in the M group, pain scores and
rescue analgesia needs were lower than in the control group.
Cranial needle direction and applied LA volume are related
with the dermatome levels for M-TAPA.

In our study, the surgical technique was TAPP, and the
cause of pain was T7‒L1. Therefore, M-TAPA may be an
effective analgesic method for TAPP.

Our study has some limitations. We used 20 ml volume of
LA for each side. More studies are needed to evaluate differ-
ent volumes. The number of patients in this study was rela-
tively small. Studies with a larger sample size are needed to
understand the exact effect of M-TAPA. We could not evalu-
ate the dermatomal area. We only used the recovery scores
and pain scores. Lastly, we did not evaluate the preoperative
QoR-40 scores.
Conclusion

M-TAPA increases patients’ recovery scores and provides pain
relief in patients who undergo TAPP. However, more studies
are needed to investigate the efficacy of M-TAPA.
Funding

The authors have no sources of funding to declare for this
manuscript.
Ethics approval and consent to participate

This study was approved by the Istanbul Medipol University
Ethics and Research Committee (06.01.2022, decision
n° 34). Written informed consent was obtained from the par-
ticipants. All methods were carried out in accordance with
relevant guidelines and regulations.
Availability of data and material

The datasets generated and/or analyzed during the current
study are not publicly available but are available from the
corresponding author on reasonable request.
601
Declaration of Competing Interest

The authors declare no conflicts of interest. This study had
no funding.
Acknowledgment

We thank Dr. M Enes Ayd{n for his help with the anatomical
illustrations.
References

1. Elsharkawy H, El-Boghdadly K. Barrington M. Quadratus Lumbo-
rum Block: Anatomical Concepts, Mechanisms, and Techniques.
Anesthesiology. 2019;130:322−35.

2. Tsai HC, Yoshida T, Chuang TY, et al. Transversus Abdominis
Plane Block: An Updated Review of Anatomy and Techniques.
Biomed Res Int. 2017;2017:8284363.

3. Tulgar S, Senturk O, Selvi O, et al. Perichondral approach for
blockage of thoracoabdominal nerves: Anatomical basis and
clinical experience in three cases. J Clin Anesth. 2019;54:8−10.

4. Tulgar S, Selvi O, Thomas DT, Deveci U, €Ozer Z. Modified thora-
coabdominal nerves block through perichondrial approach (M-
TAPA) provides effective analgesia in abdominal surgery and is a
choice for opioid sparing anesthesia. J Clin Anesth. 2019;55:109.

5. Ciftci B, Alici HA, Ansen G, Sakul BU, Tulgar S. Cadaveric investi-
gation of the spread of the thoracoabdominal nerve block using
the perichondral and modified perichondral approaches. Korean
J Anesthesiol. 2022;75(4):357−9.

6. Aikawa K, Yokota I, Maeda Y, Morimoto Y. Evaluation of sensory
loss obtained by modified-thoracoabdominal nerves block
through perichondrial approach in patients undergoing gyneco-
logical laparoscopic surgery: a prospective observational study.
Reg Anesth Pain Med. 2022;7(2):134−5.

7. Ohgoshi Y, Ando A, Kawamata N, Kubo EN. Continuous modified
thoracoabdominal nerves block through perichondrial approach (M-
TAPA) for major abdominal surgery. J Clin Anesth. 2020;60:45−6.

8. de Oliveira EJSG, De Lima RC, Sakata RK, et al. Modified Thora-
coabdominal Nerve Block Through the Perichondral Approach
(M-TAPA) in Laparoscopic Sleeve Gastroplasty: A Case Series.
Obes Surg. 2022;32(1):197−201.

9. Aikawa K, Tanaka N, Morimoto Y. Modified thoracoabdominal
nerves block through perichondrial approach (M-TAPA) provides
a sufficient postoperative analgesia for laparoscopic sleeve gas-
trectomy. J Clin Anesth. 2020;59:44−5.

10. Alt{parmak B, Korkmaz Toker M, Uysal A_I, Turan M, G€um€uş Demirbi-
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Abstract
Background:  Manipulation  of  carcinoid  tumors  during  ablation  or  selective  hepatic  artery
embolization  (transarterial  embolization,  TAE)  can  release  vasoactive  mediators  inducing  hemo-
dynamic instability.  The  main  aim  of  our  study  was  to  review  hemodynamics  and  complications
related to  minimally  invasive  treatments  of  liver  carcinoids  with  TAE  or  ablation.
Methods:  Electronic  medical  records  of  all  patients  with  metastatic  liver  carcinoid  undergoing
ablation  or  TAE  from  2003  to  2019  were  abstracted.  Noted  were  severe  hypotension  (mean  arte-
rial pressure  [MAP]  ≤  55  mmHg),  severe  hypertension  (systolic  blood  pressure  ≥  180  mmHg),
and perioperative  complications.  Associations  of  procedure  type  and  pre-procedure  octreotide
use with  intraprocedural  hemodynamics  were  assessed  using  linear  regression.  A  robust  covari-
ance approach  using  generalized  estimating  equation  method  was  used  to  account  for  multiple
observations.
Results: A  total  of  161  patients  underwent  98  ablations  and  207  TAEs.  Severe  hypertension  was
observed in  24  (24.5%)  vs.  15  (7.3%),  severe  hypotension  in  56  (57.1%)  vs.  6  (2.9%),  and  cutaneous

flushing observed  in  2  (2.0%)  vs.  48  (23.2%)  ablations  and  TAEs,  respectively.  After  adjusting  for
preprocedural  MAP,  ablation  was  associated  with  lower  intraprocedural  MAP  compared  to  TAE
(estimate  -27  mmHg,  95%CI  -30  to  -24  mmHg,  p  <  0.001).  Intraprocedural  declines  in  MAP  were
not affected  by  preprocedural  use  of  octreotide  (p  =  0.7  for  TAE  and  p  =  0.4  for  ablation).
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Conclusions:  Ablation  of  liver  carcinoids  was  associated  with  substantial  hemodynamic  insta-
bility, especially  hypotension.  In  contrast,  a  higher  number  of  TAE  patients  had  cutaneous
flushing.  Preprocedural  use  of  octreotide  was  not  associated  with  attenuation  of  intraprocedural
hypotension.
© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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arcinoids  are  neuroendocrine  tumors  that  arise  from  ente-
ochromaffin  cells  in  the  small  bowel  and  are  notable
or  the  secretion  of  vasoactive  amines  (e.g.,  serotonin),
rostaglandins,  and  vasoactive  peptides.1,2 These  sub-
tances  are  cleared  in  the  hepatic  circulation,  but  if  the
umor  metastasizes  to  the  liver,  they  can  enter  the  systemic
irculation  resulting  in  carcinoid  syndrome  with  cutaneous
ushing,  diarrhea,  bronchospasm,  hypotension,  hyperten-
ion,  and  right-sided  heart  failure.2,3 Chronic  release  of
asoactive  amines  can  induce  tricuspid  and  pulmonary  valve
hickening  resulting  in  regurgitation  or  stenotic  valve  dys-
unction.

Octreotide,  a  somatostatin  analog,  used  for  symp-
omatic  treatment  of  carcinoid,2 has  an  anti-secretory
ffect  on  carcinoid  tumor  cells,  and  inhibits  the  release
f  serotonin  and  histamine.4 These  mechanisms  have
een  reported  to  reduce  symptoms  of  flushing,  diarrhea,
nd  bronchospasm.2,5 However,  chronic  (home)  use  of
ctreotide  is  ineffective  at  preventing  perioperative  car-
inoid  crisis.6 Minimally  invasive  cytoreductive  procedures
cryo-,  radiofrequency,  ethanol  ablations,  or  selective  hep-
tic  artery  embolization  (transarterial  embolization,  TAE)
re  used  to  reduce  tumor  burden  of  carcinoid  liver  metas-
ases.  The  indication  for  a  specific  procedure  is  based
n  tumor  characteristics,  notably  size  and  multiplicity.
umor  manipulation  during  these  procedures  may  incite
he  release  of  vasoactive  substances  triggering  hemody-
amic  instability  and  carcinoid  crisis.2,7 Intraprocedural
emodynamics  has  been  infrequently  described  during  min-
mally  invasive  treatment  of  metastatic  carcinoid  to  the
iver.6,8

The  mechanism  of  cytoreductive  tissue  destruction  dif-
ers  between  the  ablation  and  TAE  which  may  cause  variable
ediator  release  with  differential  symptomatology.  We

ypothesize  that  treatment  of  larger  tumors,  with  TAE,
ill  be  associated  with  more  hemodynamic  volatility  com-
ared  to  ablation  typically  used  for  smaller  hepatic  carcinoid
esions.  We  also  hypothesized  that  chronic  octreotide  use
ould  not  reduce  the  rate  of  intraprocedural  hemodynamic
olatility.  The  main  aim  of  our  study  is  to  review  hemo-
ynamics  and  complications  related  to  minimally  invasive
reatments  of  liver  carcinoids.

ethods
his  study  was  approved  by  the  Institutional  Review  Board
nd  was  conducted  in  compliance  with  the  Health  Insurance
ortability  and  Accountability  Act  (IRB  number  19-003192,

M
a
c

60
pproved  by  Ellen  R  Olson,  April  11,  2019).  In  compliance
ith  State  Statute  144.335,  we  included  only  patients  who
rovided  written  authorization  for  research  use  of  their
edical  records.  The  present  study  conforms  to  the  require-
ents  of  the  Strengthening  the  Reporting  of  Observational

tudies  in  Epidemiology  (STROBE)  Statement.

tudy  design  and  patient  selection

his  was  a  single-center  retrospective  study  of  all  consec-
tive  patients  treated  from  January  1,  2003,  until  April
1,  2019.  The  procedural  logs  of  the  Department  of  Radi-
logy  were  interrogated  to  identify  all  cases  of  minimally
nvasive  procedures  used  to  treat  metastatic  carcinoid  to
he  liver.  All  patients  had  a  diagnosis  of  metastatic  hepatic
arcinoid  by  our  hospital’s  oncologists.  In  our  institution,
ercutaneous  ablations  are  performed  for  more  limited  hep-
tic  disease  and  tumors  amenable  to  needle  ablation;  the
umber  of  lesions  treated  with  this  approach  is  based  not
nly  on  size  (<  3---4  cm)  but  also  on  location  and  underlying
iver  function.  TAE  is  performed  for  large  and  innumerable
etastases  not  amenable  to  ablation,  and  when  anatomic

ocation  prohibits  percutaneous  ablation  (adjacent  to  the
allbladder,  central  tumors,  exophytic  metastasis  abut-
ing  an  adjacent  organ  [colon,  small  bowel,  kidney,  etc.])
Fig.1).

nesthetic  and  hemodynamic  management

ll  ablation  procedures  are  done  under  general  anesthe-
ia.  The  typical  general  anesthesia  used  in  our  radiology
epartment  is  induction  with  propofol  and  succinylcholine
ollowed  by  maintenance  with  inhalational  agent  (sevoflu-
ane  or  desflurane).  Hemodynamic  instability,  hypotension
s  usually  treated  with  ephedrine  (if  the  heart  rate  is
ow)  or  phenylephrine,  and  very  infrequently  vasopressin  (1
nit.mL-1) which  is  reserved  for  the  subset  of  hypotensive
atients  who  are  chronically  treated  with  angiotensin  con-
erting  enzyme  inhibitors  or  angiotensin  receptor  blockers.
xcessive  hypertension  is  treated  with  deepening  anes-
hetic  levels,  and  adrenergic  blockade,  usually  labetalol.
atients  under  monitored  anesthesia  care  (universally  used
n  present  report  for  TAE)  are  sedated  with  propofol  infusion,
ith  or  without  midazolam  and  divided  doses  of  fentanyl.

ata  ascertainment
edical,  radiological,  and  anesthesia  records  were  manu-
lly  abstracted  to  retrieve  data  on  demographics,  comorbid
onditions  and  specifics  regarding  the  carcinoid  disease:
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Figure  1  A,  Digital  subtraction  angiographic  image  obtained  prior  to  embolization  shows  bulky  enhancing  hepatic  neuroendocrine
metastases  in  the  liver  (arrows);  B,  Coronally-reformatted  computer  tomography  image  shows  a  subtle  1.8  cm  neuroendocrine
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by  octreotide  interaction  effect  was  also  included  in  the
model  to  assess  whether  there  is  evidence  of  a  differential
etastasis inferiorly  in  the  right  hepatic  lobe  (arrow)  before  m
icrowave ablation.

umor  characteristics  and  neuroendocrine  activity  (assessed
rom  urinary  5-hydroxyindoleacetic  acid  [5-HIAA],  carci-
oid  symptoms/signs),  chronic  octreotide  (use  of  octreotide
t  home  before  procedure  due  to  symptomatic  carcinoid
isease),  and  carcinoid  related  medical  conditions  (carci-
oid  heart  disease).  The  procedural  course  was  abstracted
or  data  regarding  the  hemodynamic  course  (preprocedu-
al,  highest  and  lowest  intraprocedural  blood  pressures,
nd  heart  rate),  cutaneous  flushing,  bronchospasms,  and
ther  complications.  Severe  hypotension  was  defined  as
ean  arterial  blood  pressure  (MAP)  ≤  55  mmHg,  and  severe

ypertension  as  systolic  blood  pressure  (SBP)  ≥  180  mmHg.
hese  specific  blood  pressure  values  have  associated  with
nfavorable  outcomes  in  patients  undergoing  non-cardiac
urgery.9,10 Recovery  following  procedure  was  reviewed  for
ll  complications,  including  episodes  of  severe  hyperten-
ion  and  hypotension.  Anesthesia  records  were  reviewed
or  notes  of  cutaneous  flushing,  bronchospasm,  or  bron-
hodilators  use.  Hospital  length  of  stay,  intensive  care  unit

dmissions,  30-day  hospital  readmissions,  and  30-day  mor-
ality  were  also  noted.

r
p

60
ave  ablation  and  C)  Hypoenhancing  ablation  defect  following

tatistical  analyses

ategorical  data  are  presented  as  number  (percentage  of
atients),  and  continuous  data  as  mean  (standard  deviation)
r  median  (interquartile  range).  We  used  three  regres-
ion  analyses  to  describe  three  aims.  First,  we  assess  the
ssociation  between  procedure  (ablation  vs.  TAE)  and  low-
st  intraprocedural  MAP  using  a  linear  regression  model
djusted  for  preprocedural  MAP.  As  some  subjects  had  mul-
iple  procedures  in  our  data,  a  robust  covariance  approach
sing  generalized  estimating  equation  (GEE)  method  was
sed  to  account  for  the  correlation  of  multiple  observations
ithin  patients.  Second,  we  assess  the  association  between
hronic  octreotide  and  lowest  intraprocedural  MAP  using  lin-
ar  regression  with  GEE.  For  this  model,  the  explanatory
ariables  were  chronic  octreotide  and  procedure  type,  and
e  also  adjusted  for  preprocedural  MAP.  The  procedure  type
elationship  between  octreotide  and  lowest  MAP  between
rocedure  types.  Finally,  in  our  third  model,  we  describe

5
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Table  1  Characteristics  at  the  time  of  first  treatment  with  either  ablation  of  TAE.

Characteristic  Ablation  n  =  77  TAE  n  =  84

Age,  years  60.7  (11.2)  62.7  (11.0)
Male sex  39  (50.6)  44  (52.4)
Body mass  index,  kg.m-2 28.5  (6.0) 27.4  (7.1)
Comorbidities

Hypertension  25  (32.5)  34  (40.5)
Diabetes 14  (18.2)  17  (20.2)
Asthma 4  (5.2)  6  (7.1)

Preoperative  blood  pressure,  mmHg
Systolic  144  (21)  133  (20)
Diastolic 79  (13)  74  (12)
Mean 100  (14) 94  (12)

Carcinoid features
Primary  tumor

Small  bowel  58  (75.3)  52  (61.9)
Lung 10  (13.0)  10  (11.9)
Pancreas 3  (3.9)  8  (9.5)
Rectum 4  (5.2)  2  (2.4)
Gastric 1  (1.3)  1  (1.2)
Renal 1  (1.3)  0  (0.0)
Ovary 0  1  (1.2)
Not reported 0  10  (11.9)

Urinary 5-HIAA  >  10  mg/24  h 25  (51.0) 31  (88.6)
Largest tumor  diameter,  cma 2.1  (1.5,  3.2) 5.8  (4.3,  8.9)
Hypoalbuminemia  3  (3.9) 7  (8.3)

Heart involvement
Carcinoid  heart  disease 2  (2.6) 9  (10.7)

Tricuspid valve  regurgitation 1  (1.3) 6  (7.1)
Pulmonary valve  regurgitation 1  (1.3) 4  (4.8)
Right heart  failure  0  (0.0)  6  (7.1)

Left ventricular  dysfunction  2  (2.6)  7  (8.3)
Left-sided heart  valve  dysfunctionb 0  (0.0)  4  (4.8)

Preprocedure  treatments-medical
Octreotide  23  (29.9)  73  (86.9)
Cyproheptadine  0  (0.0)  1  (1.2)
Chemotherapy  0  (0.0)  5  (6.0)

Prior surgeries/invasive  treatments
Ablation  or  embolization  42  (42.9)  128  (61.8)
Lung resection  14  (14.3)  17  (8.2)
Small bowel  resection  66  (67.4)  78  (37.7)

5-HIAA, 5-hydroxyindoleacetic acid; TAE, transarterial embolization.
Data presented as mean (standard deviation), median (interquartile range), or number (percentage).

a This represents the measurement of the largest tumor in the liver (if multiple tumors the largest is reported).
erate
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b Includes moderate-severe aortic valve regurgitation with mod
regurgitation (n = 2), severe mitral stenosis (n = 1).

he  association  between  preprocedural  and  lowest  intrapro-
edural  MAP  using  linear  regression  with  GEE.  The  model
lso  included  terms  for  procedure  type  and  the  procedure
ype  by  octreotide  interaction  effect.  Results  for  all  linear
egression  models  are  summarized  using  the  linear  estimate
f  the  conditional  mean  difference  (for  example,  in  the  first

odel,  the  estimated  mean  difference  in  lowest  MAP  for

blation  patients  vs.  TAE  patients,  conditional  on  prepro-
edural  MAP);  95%  confidence  intervals  and  p-values.  In  all
ases,  a  p-value  of  <  0.05  was  used  to  denote  statistical  sig-

a
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 mitral valve regurgitation (n = 1), moderate-severe mitral valve

ificance.  Analyses  were  performed  with  SAS  (SAS  Institute,
ary,  NC)  and  R  statistical  package  (The  R  Foundation).

All  available  subjects  were  used  for  the  analysis  and  a
ower  calculation  was  not  performed  a  priori.  However,

 sample  size  of  300  total  independent  observations,  100
blation  and  200  TAE,  would  provide  90%  power  to  detect

 difference  of  4.8  mmHg  in  lowest  intraprocedural  MAP,
ased  on  a  two-sided  two-sample  t-test  with  unequal  vari-
nces  and  assuming  a  standard  deviation  of  12  mmHg  in  each

roup.
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Figure  2  Clinical  and  hemodynamic  characteristics  in
patients  with  metastatic  liver  carcinoid  undergoing  ablation
or transarterial  embolization.  Symptomatic  patients  who  were
receiving  chronic  (home)  octreotide,  and  patients  who  experi-
e
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nced  severe  intraprocedural  hypotension,  hypertension,  and
ushing. MAP,  mean  arterial  pressure;  SBP,  systolic  blood  pres-
ure.

esults

uring  the  study  timeframe,  161  patients  underwent  abla-
ion  (77  patients  n  =  98  treatments)  or  TAE  (84  patients

 =  207  treatments)  to  treat  metastatic  liver  carcinoid
umors.  Three  patients  underwent  both  types  of  procedures,
nd  ablation  was  the  first  procedure  for  all  cases.  Of  the
7  patients  undergoing  ablation,  61  had  one,  10  had  two,
nd  6  patients  had  ≥  three  ablation  procedures,  and  the  84
atients  undergoing  TAE,  24  had  one,  30  had  two,  and  30
ad  ≥3  TAE  procedures.

Table  1  summarizes  patient  and  disease  characteristics
t  the  time  of  the  first  procedure.  Ablations  were  per-
ormed  in  patients  with  multiple  lesions  (median  [25th,  75th
ercentile]  number  of  tumors  was  32,5),  and  TAE  for  more
xtensive  lesions  not  amenable  to  ablation  (Fig.  1,  Table  1).
n  addition,  patients  undergoing  TAE  had  a  higher  prevalence
f  carcinoid  heart  disease  and  were  more  likely  on  chronic
ctreotide.

Table  2  summarizes  procedural  characteristics  for  all
erformed  procedures.  Of  the  98  ablation  procedures,  67
68.4%),  23  (23.5%),  4  (4.1%),  and  4  (4.1%)  were  performed
sing  radiofrequency,  radiofrequency  +  ethanol,  ethanol
lone,  and  microwave  ablations,  respectively.  Reflecting
igher  tumor  burden,  patients  undergoing  TAE  were  more
ften  receiving  chronic  octreotide  at  the  time  of  the  pro-
edure,  (88.4%  vs.  34.7%  in  TAE  vs.  ablation,  respectively,
able  2,  Figure  2.  All  ablations  were  performed  under  gen-
ral  anesthesia,  while  all  (except  one)  TAEs  were  performed
nder  moderate  sedation.  Flushing  was  observed,  and  intra-
perative  octreotide  was  administered  more  frequently
uring  TAE  procedures  than  ablations  (Table  2,  Fig.  2).
lood  pressures  during  procedures

emodynamic  instability  (hypertension  and  hypotension)
as  more  frequent  during  ablations  than  TAE  (Fig.  3),  also
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videnced  by  more  frequent  administration  of  vasoactive
edications  (phenylephrine  and  ephedrine)  and  greater

dministration  of  fluids  (Table  2).  Severe  hypertension  was
ecorded  during  24  (24.5%)  and  15  (7.3%),  and  severe
ypotension  in  56  (57.1%)  vs.  6  (2.9%)  ablation  and  TAE  pro-
edures,  respectively  (Fig.  2).

Lowest  intraprocedural  MAP  among  ablations  was  mean
±  standard  deviation)  54  (11)  mmHg,  and  among  TAE
8  (±12)  mmHg.  After  adjusting  for  preprocedural  MAP,
blation  was  associated  with  lower  intraprocedural  MAP
ompared  to  TAE  (estimate  -27  mmHg,  95%  CI  -30  to  -
4  mmHg,  p  <  0.001,  Fig.  3).  Chronic  use  of  octreotide  was
ot  associated  with  lowest  intraproceduralMAP  for  either
rocedure  type  (estimate  -1  mmHg,  95%  CI  -5  to  +3  mmHg,

 =  0.7  for  TAE,  and  2  mmHg,  95%  CI  -2  to  +6  mmHg,  p  =  0.4
or  ablation).  The  estimated  association  between  chronic
ctreotide  and  lowest  MAP  did  not  differ  between  procedure
ypes  (interaction  p  =  0.3).

A  secondary  analysis  was  performed  to  examine  the
elationship  between  preprocedure  and  the  lowest  intrapro-
edural  MAP.  A  higher  preprocedure  MAP  was  found  to  be
ssociated  with  a  larger  intraprocedural  MAP  decline,  and
his  association  differed  according  to  the  procedure  type
interaction  p  <  0.001)  in  this  analysis.  Specifically,  for  each
0  mmHg  increase  in  preprocedure  MAP,  the  nadir  intrapro-
edural  MAP  decreased  by  4  mmHg,  95%  CI  3  to  6  mmHg  in
AE  group,  and  9  mmHg,  95%  CI  7  to  10  mmHg  in  ablation
roup  (both,  p  <  0.001,  Fig.  4).

ther  complications

he  overall  rate  of  postoperative  complications  rate  was
.5%  (29  out  of  305  treatment  sessions).  In  this  cohort,  only
ne  bronchospasm  was  recorded  (0.3%).  The  most  severe
omplication,  bleeding,  occurred  in  7  patients  (2.3%).  One
atient  developed  a  hepatic  artery  to  common  bile  duct
stula  with  subsequent  biliary  hemorrhage  requiring  coil
mbolization.  Another  had  intrahepatic  hemorrhage  requir-
ng  embolization.  Three  patients  developed  subcapsular
ematomas,  two  of  which  required  coil  embolization  for
emostasis.  One  patient  developed  a  hematoma  at  the  site
f  arterial  puncture  that  resolved  with  manual  pressure.  One
atient,  a  73-year-old  woman,  developed  severe  retroperi-
oneal  hemorrhage  secondary  to  arterial  puncture  leading
o  hypovolemic  shock  and  multi-organ  failure,  and  even-
ual  death.  Another  patient  died,  a  78-year-old  man,  who
as  transferred  to  hospice  care  in  the  setting  of  advanced
arcinoid  disease.

iscussion

e  report  the  hemodynamic  course  of  161  patients  with
etastatic  liver  carcinoid  undergoing  305  TAE  or  ablation
rocedures.  The  most  important  finding  was  that  patients
ndergoing  ablation  compared  to  TAE  had  more  hemody-
amic  volatility,  especially  hypotension.  Also,  the  chronic
se  of  octreotide  was  not  associated  with  a  reduction  of

emodynamic  volatility  in  either  cytoreductive  procedure
ype.

Indications  for  ablation  vs.  TAE  for  metastatic  liver  carci-
oid  depend  on  tumor  characteristics:  ablation  is  indicated
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Table  2  Periprocedural  course  and  complications  for  305  minimally  invasive  cytoreductive  procedures  of  metastatic  liver
carcinoid.

Characteristics  Ablation  n  =  98  TAE  n  =  207

Preprocedural
Chronic  octreotide  treatment  34  (34.7)  183  (88.4)

Intraprocedural
Duration of  surgery,  minutes 151  (112,  215) 116  (92,  136)
Number of  treated  tumors  3  (2,  5)  Extensive,  single  location

Type of  anesthesia
General  anesthesia  98  (100.0)  1  (0.5)
MAC +  sedation  0  206  (99.5)

Medications  and  fluids
Octreotide  14  (14.3)  72  (34.8)
Phenylephrine  46  (46.9)  4  (1.9)
Ephedrine 44  (44.9)  1  (0.5)
Crystalloid, Liters  1.0  (0.6,  1.3)  0.5  (0,  0.9)
Colloid 4  (4.1)  0  (0.0)

Events/complications
Cutaneous flushinga 2  (2.0)  48  (23.2)
Bronchospasm  0  (0.0)  1  (0.5)
Hypertension,  SBP  ≥  180  mmHg 24  (24.5)  15  (7.3)
Hypotension,  MAP  ≤  55  mmHg 56  (57.1) 6  (2.9)
Bradycardia,  HR  ≤  50  bpm 50  (51.0)  37  (17.9)
Tachycardia,  HR  >  100  bpm 33  (33.7) 14  (6.8)

Postprocedural
Hospital length  of  stay,  days 1  (1,  1) 1  (1,  2)
Any complicationsb 10  (10.2) 19  (9.2)b

Hypertension,  SBP  ≥  180  mmHg 1  8
Hypotension,  MAP  ≤  55  mmHg 1  1
Cutaneous  flushing 0  3
Cardiac dysrrhytmiac 1  3
Bleedingd 5  2
Mental status  changes  0  2
Pneumonia  0  1
Sepsis 1  1
Bowel obstruction  1  1

Intensive care  unit  admission  2  (2.0)  5  (2.4)
30-day readmission  3  (3.1)  8  (3.9)
30-day mortality  0  2  (1.0)

SBP, systolic blood pressure; MAP, mean arterial pressure; MAC, monitored anesthesia care; HR, heart rate; bpm, beats per minute.
Data presented as number (percentage) and median (interquartile range).

a All 48 flushing episodes in TAE were in patients on chronic octreotide, 2 flushing episodes in ablation group were in patients who were
not on home octreotide.

b ‘Any complication’ corresponds to the number (%) of patients who had a complication, and in this category patients with multiple
complications are counted once.

c Cardiac dysrhythmia included bradycardia (n = 2) and tachyarrhythmia (n = 2).
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d In 5 patients bleeding episodes associated with ablation we
retroperitoneal and access site (groin).

or  smaller  tumors  and  TAE  for  larger  and  more  extensive
nes.  Large  carcinoids  are  more  likely  to  be  clinically  symp-
omatic,  as  evidenced  by  more  frequent  use  of  chronic
ctreotide  among  TAE  patients.  All  these  elements  can
heoretically  affect  procedural  hemodynamics.  First,  the
echanism  of  cytoreduction  differs  between  procedures.

AE  interrupts  tumor  blood  supply  causing  ischemia  with

radual  cell  disintegration;  this  results  in  slower  release  of
asoactive  mediators.  In  contrast,  ablation  induces  instant
arcinoid  cell  lysis  resulting  in  abrupt  mediator  release.11

econd,  radiofrequency  ablation  can  induce  life-threatening

T
i
i
r

60
patic (n = 5); two bleeding episodes associated with TAE was

ypertensive  crises  during  treatment  of  lesions  other  than
euroendocrine  tumors.12 Third,  all  patients  undergoing
blation  require  general  anesthesia,  while  moderate  seda-
ion  is  often  sufficient  for  TAE,  and  these  differences  in
nesthetic  management  could  independently  contribute  to
emodynamic  outcomes.

In this  cohort,  ablation  of  liver  carcinoids,  compared  to

AE,  was  more  frequently  associated  with  hemodynamic
nstability,  especially  hypotension.  Hemodynamic  volatil-
ty  was  ‘procedure-specific,’  i.e.,  severe  hypotension  was
ecorded  in  57.1%  vs.  2.9%,  and  severe  hypertension  in  24.5%
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Figure  3  Mean  arterial  pressures  (MAP)  before  procedure
and highest  and  lowest  intraprocedural  MAPs.  Box  indicates
interquartile  range;  middle  line,  median;  error  bars,  1.5  ×
interquartile.  After  adjusting  for  preprocedural  MAP,  ablation
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s.  7.3%,  during  ablation  and  TAE,  respectively.  The  intra-
perative  decline  in  MAP  was  dependent  on  preprocedural
AP,  and  interestingly  higher  preprocedural  MAPs  resulted  in
ore  profound  pressure  declines  (Fig.  4).  Finally,  although

ctreotide  attenuates  carcinoid  symptoms,2 in  this  cohort,
ts  chronic  use  was  not  associated  with  attenuation  of  proce-
ural  hypotension.  Two  previous  retrospective  studies  have
lso  suggested  that  octreotide  may  not  be  effective  in  pre-
enting  carcinoid  crisis/symptoms;1,13 therefore,  there  is
till  a  need  for  a  randomized  controlled  trial  to  confirm  or
efute  the  role  of  chronic  octreotide  on  procedural  hemo-
ynamics.

Kwon6 reviewed  outcomes  of  75  ablations,  surgical  resec-
ions  with  ablations,  and  TAE  for  liver  carcinoid.  Similar
o  our  study,  they  reported  that  TAE  patients  had  higher
arcinoid  burden  compared  to  ablation  patients,  and  fewer
blation  patients  received  chronic  octreotide  (13%  vs.  63%,

 <  0.05).  Also,  similarly  to  our  observation,  Kwon6  reported
hat  over  30%  of  patients  experienced  procedure-specific
emodynamic  instability,  i.e.,  they  reported  a  trend  for
ower  rates  of  hemodynamic  instability  during  TAE  (22%)
ompared  to  surgical  resection  and/or  ablation  (42%).

In  the  TAE  group,  chronic  octreotide  was  used  in
3  patients  undergoing  183  procedures,  and  48  proce-
ures  were  complicated  by  cutaneous  flushing  (all  affected
atients  were  on  chronic  octreotide).  In  the  ablation
roup,  23  patients  who  underwent  34  (88.4%)  treatments
ere  medicated  with  chronic  octreotide,  but  flushing  was

eported  in  only  two  patients,  neither  who  were  on  chronic
ctreotide.  There  was  no  meaningful  overlap  between  flush-
ng  and  hypotension.  Out  of  50  patients  who  had  flushing,

nly  4  (8%)  had  severe  hypotension.  This  suggests  that  differ-
nt  vasoactive  mediators  can  be  released  during  minimally
nvasive  carcinoid  cytoreduction,  as  well  that  they  likely

d
h
c
t

igure  4  Association  between  preprocedural  and  lowest  intraproc
mbolization.  For  both  procedures  p  <  0.001  (linear  regression  mo
epeated procedures).

60
as associated  with  lower  intraprocedural  MAP  compared  to
AE (estimate  -27  mmHg,  95%  CI  -30  to  -24  mmHg,  p  <  0.001).

ct  through  separate  vasomotor  receptors  resulting  in  either
ardiovascular  instability  or  flushing,  and  in  our  series  simul-
aneous  presence  was  rare.

rocedural  complications

he  overall  rate  of  perioperative  complications  was  similar
n  patients  undergoing  ablation  vs.  TAE.  After  the  proce-

ure  was  completed,  eight  TAE  patients  developed  severe
ypertension;  however,  it  remains  unclear  whether  this
ould  be  attributed  to  delayed  release  of  vasoactive  media-
ors  or  pathophysiology  of  preexisting  hypertension.  In  one

edural  mean  arterial  pressure  during  ablation  and  transarterial
del  with  general  estimating  equation  analysis  to  account  for

9
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ase  series,  a  number  of  patients  after  TAE  experienced
elayed  fever,  nausea,  and  abdominal  pain,  which  lasted
8---72  hours.14 Furthermore,  Fujie7 reported  delayed  carci-
oid  crisis  24  hours  after  TAE.  These  two  reports  suggest
ossible  carcinoid  symptomatology  related  to  a  delayed
elease  of  mediators  following  TAE.  Bleeding  due  to  subcap-
ular,  retroperitoneal,  or  puncture  site  hematoma  is  a  known
isk  following  minimally  invasive  cytoreductive  procedures.
n  our  case  series,  the  rate  of  bleeding  was  similar  (2.3%)
o  that  reported  after  percutaneous  hepatic  radiofrequency
blations  for  any  tumor  type  (2---6%).15,16

Our  study  has  several  limitations.  We  report  procedu-
al  hemodynamics  for  a  large  series  of  patients  undergoing
inimally  invasive  cytoreductive  procedures  for  metastatic

iver  carcinoids.  Extremes  of  blood  pressure  and  heart  rate
ere  accurately  retrieved  from  the  electronic  anesthesia

ecords.  This  report  has  all  limitations  related  to  its  ret-
ospective  design.  We  report  a  heterogeneous  cohort  that
eceived  different  procedural  and  anesthetic  management,
hich  contributed  to  an  inability  to  precisely  separate  the

reatment  modality  (ablation  vs.  TAE)  from  anesthetic  tech-
ique  (general  anesthesia  vs.  moderate  sedation)  effects.
urthermore,  the  reports  of  cutaneous  flushing  were  reliant
n  provider  documentation:  patients  are  supine  during  TAE.
heir  face  is  easily  observable  for  signs  of  flushing,  while
blations  are  frequently  performed  in  the  lateral  decubitus
osition,  which  could  obscure  observations  and  contribute
o  underreporting  of  this  complication.  Finally,  only  one
atient  had  documentation  of  bronchospasm  and  received
lbuterol.  Bronchospasm  is  a  known  part  of  carcinoid  syn-
rome;  thus,  the  low  documentation  frequency  in  this  cohort
aises  concerns  of  under-reporting.  However,  documenta-
ion  of  medication  use  is  reliable,  and  no  other  patient
eceived  bronchodilators,  a  surrogate  indicator  for  bron-
hospasm.  Therefore,  we  believe  that  the  low  bronchospasm
ate  in  the  present  case  series  is  accurate.

In  conclusion,  hemodynamics  during  cytoreductive  pro-
edures  for  hepatic  carcinoid  is  dependent  on  the  type
f  procedure,  rather  than  tumor  baseline  neuroendocrine
ctivity  and  associated  clinical  symptomatology:  ablation
as  more  frequently  associated  with  hemodynamic  volatil-

ty  especially  hypotension  and  TAE  with  flushing.  The
se  of  octreotide  before  the  procedure,  prescribed  for
ymptomatic  carcinoid,  did  not  reduce  intraprocedural
emodynamic  volatility.

unding

unding  for  this  study  was  provided  by  the  Department  of
nesthesiology  and  Perioperative  Medicine.  This  entity  had
o  role  in  study  concept,  design,  data  collection,  and  anal-
sis  or  manuscript  preparation.

onflicts of interest
r.  Weingarten  currently  serves  as  a  consultant  to  Medtronic
n  the  role  as  chairman  of  the  Clinical  Endpoint  Committee
or  the  Prodigy  Trial;  has  received  research  support  from

1

61
ta,  J.  Sprung  et  al.

espiratory  Motion,  and  unrestricted  investigator-initiated
rants  from  Merck.  The  other  authors  declare  no  conflicts  of
nterest.

ppendix A. Supplementary data

upplementary  material  related  to  this  article  can  be  found,
n  the  online  version,  at  doi:https://doi.org/10.1016/
.bjane.2021.03.015.

eferences

1. Massimino K, Harrskog O, Pommier S, et al. Octreotide LAR
and bolus octreotide are insufficient for preventing intra-
operative complications in carcinoid patients. J Surg Oncol.
2013;107:842---6.

2. Mancuso K, Kaye AD, Boudreaux JP, et al. Carcinoid syndrome
and perioperative anesthetic considerations. J Clin Anesth.
2011;23:329---41.

3. Kahil ME, Brown H, Fred HL. The Carcinoid Crisis. Arch Intern
Med. 1964;114:26---8.

4. Chalabi M, Duluc C, Caron P, et al. Somatostatin analogs: does
pharmacology impact antitumor efficacy? Trends Endocrinol
Metab. 2014;25:115---27.

5. O’Toole D, Ducreux M, Bommelaer G, et al. Treatment of carci-
noid syndrome: a prospective crossover evaluation of lanreotide
versus octreotide in terms of efficacy, patient acceptability, and
tolerance. Cancer. 2000;88:770---6.

6. Kwon DH, Paciorek A, Mulvey CK, et al. Periprocedu-
ral Management of Patients Undergoing Liver Resection or
Embolotherapy for Neuroendocrine Tumor Metastases. Pan-
creas. 2019;48:496---503.

7. Fujie S, Zhou W, Fann P, et al. Carcinoid crisis 24 hours after
bland embolization: A case report. Biosci Trends. 2010;4:143---4.

8. Meij V, Zuetenhorst JM, van Hillegersberg R, et al. Local treat-
ment in unresectable hepatic metastases of carcinoid tumors:
Experiences with hepatic artery embolization and radiofre-
quency ablation. World J Surg Oncol. 2005;3:75.

9. Varon J, Marik PE. Perioperative hypertension management.
Vasc Health Risk Manag. 2008;4:615---27.

0. Wesselink EM, Kappen TH, Torn HM, et al. Intraoperative
hypotension and the risk of postoperative adverse outcomes:
a systematic review. Br J Anaesth. 2018;121:706---21.

1. Yamakado K, Takaki H, Uchida K, et al. Adrenal radiofrequency
ablation in swine: change in blood pressure and histopathologic
analysis. Cardiovasc Intervent Radiol. 2011;34:839---44.

2. Onik G, Onik C, Medary I, et al. Life-threatening hypertensive
crises in two patients undergoing hepatic radiofrequency abla-
tion. AJR Am J Roentgenol. 2003;181:495---7.

3. Condron ME, Pommier SJ, Pommier RF. Continuous infusion
of octreotide combined with perioperative octreotide bolus
does not prevent intraoperative carcinoid crisis. Surgery.
2016;159:358---65.

4. Gupta S, Yao JC, Ahrar K, et al. Hepatic artery embolization and
chemoembolization for treatment of patients with metastatic
carcinoid tumors: the M.D. Anderson experience. Cancer J.
2003;9:261---7.

5. Nemcek AA. Complications of radiofrequency ablation of neo-

plasms. Semin Intervent Radiol. 2006;23:177---87.

6. Buscarini E, Buscarini L. Radiofrequency thermal ablation with
expandable needle of focal liver malignancies: complication
report. Eur Radiol. 2004;14:31---7.

0

https://doi.org/10.1016/j.bjane.2021.03.015
https://doi.org/10.1016/j.bjane.2021.03.015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00146-9/sbref0080


O

R
d
s
J
A

a

b

c

R
A

h
©
l

Brazilian Journal of Anesthesiology 2023;73(5):611---619

RIGINAL INVESTIGATION

ole  of  Pv-aCO2 gradient  and  Pv-aCO2/Ca-vO2 ratio
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Abstract
Introduction:  Arterial  lactate,  mixed  venous  O2 saturation,  venous  minus  arterial  CO2 partial
pressure (Pv-aCO2)  and  the  ratio  between  this  gradient  and  the  arterial  minus  venous  oxygen
content (Pv-aCO2/Ca-vO2)  were  proposed  as  markers  of  tissue  hypoperfusion  and  oxygenation.
The main  goals  were  to  characterize  the  determinants  of  Pv-aCO2 and  Pv-aCO2/Ca-vO2,  and  the
interchangeability  of  the  variables  calculated  from  mixed  and  central  venous  samples.
Methods: 35  cardiac  surgery  patients  were  included.  Variables  were  measured  or  calculated:
after anesthesia  induction  (T1),  end  of  surgery  (T2),  and  at  6---8  hours  intervals  after  ICU
admission  (T3  and  T4).
Results:  Macrohemodynamics  was  characterized  by  increased  cardiac  index  and  low  systemic
vascular resistances  after  surgery  (p  <  0.05).  Hemoglobin,  arterial-pH,  lactate,  and  systemic
O2 metabolism  showed  significant  changes  during  the  study  (p  <  0.05).  Pv-aCO2 remained  high
and without  changes,  Pv-aCO2/Ca-vO2 was  also  high  and  decreased  at  T4  (p  <  0.05).  A  significant
correlation  was  observed  globally  and  at  each  time  interval,  between  Pv-aCO2 or  Pv-aCO2/Ca-vO2

with  factors  that  may  affect  the  CO2 hemoglobin  dissociation.  A  multilevel  linear  regression
model with  Pv-aCO2 and  Pv-aCO2/Ca-vO2 as  outcome  variables  showed  a  significant  association
for Pv-aCO2 with  SvO2,  and  BE  (p  <  0.05),  while  Pv-aCO2/Ca-vO2 was  significantly  associated  with
Hb, SvO2,  and  BE  (p  <  0.05)  but  not  with  cardiac  output.  Measurements  and  calculations  from
mixed and  central  venous  blood  were  not  interchangeable.
Conclusions:  Pv-aCO2 and  Pv-aCO2/Ca-vO2 could  be  influenced  by  different  factors  that  affect
the CO2 dissociation  curve,  these  variables  should  be  considered  with  caution  in  cardiac  surgery
patients. Finally,  central  venous  and  mixed  values  were  not  interchangeable.
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ntroduction

acrohemodynamic  and  metabolic  variables  drive  cardio-
ascular  support  during  cardiac  surgery.1,2 As  described  in
ther  critically  ill  conditions,  arterial  lactate  and  mixed
enous  oxygen  saturation  (SvO2)  have  been  used  to  evaluate
issue  perfusion  and  oxygenation.3,4

Parameters  derived  from  carbon  dioxide  metabolisms
CO2),  such  as  the  difference  between  venous  and  arte-
ial  CO2 partial  pressure  (Pv-aCO2)  and  the  ratio  between
his  gradient  and  the  arterial  minus  venous  oxygen  content
Pv-aCO2/Ca-vO2),  have  been  proposed  as  markers  of  hypoper-
usion  and  anaerobic  metabolism.5---7 However,  the  levels  of
hese  variables  during  cardiac  surgery  remain  controversial.

In  critically  ill  patients,  reductions  in  both  CO2 production
VCO2)  and  O2 consumption  (VO2)  are  noted  during  oxy-
en  supply  dependence  conditions.  However,  the  decrease
n  VCO2 was  less  pronounced  than  in  VO2 due  to  the
ncrease  in  VCO2 from  anaerobic  metabolism.  Based  on  the
odified  Fick  equation,  VCO2 is  calculated  as  the  prod-

ct  of  cardiac  output  (CO)  times  venous  minus  arterial
O2 content  (VCO2 =  CO  x  Cv-aCO2).  Assuming  a  stable
elationship  between  CO2 partial  pressure  (PCO2)  and  CO2

ontent  (CCO2),  the  equation  could  be  reformulated  as
CO2 =  CO  x  Pv-aCO2.  Thus,  Pv-aCO2 increases  in  low  cardiac
utput  states  and  during  microvascular  dysfunction.8,9

The  Pv-aCO2/Ca-vO2 ratio  has  been  proposed  as  a  surro-
ate  of  the  respiratory  quotient  (RQ)  to  identify  the  onset
f  anaerobic  metabolism.  Assuming  stable  conditions,  CCO2

ould  be  replaced  by  PCO2 in  the  formula.  However,  this
atio  is  influenced  by  other  factors,  such  as  changes  in
emoglobin  (Hb),  lactate  concentrations,  base  excess  (BE),
vO2 (Haldane  effect),  and  body  temperature.  Given  that
O2-derived  parameters  are  measured  under  the  influence
f  these  factors,  their  physiologic  meaning  could  be  mislead-
ng.  Despite  these  limitations,  Pv-aCO2 and  Pv-aCO2/Ca-vO2

ave  been  used  in  clinical  practice  to  guide  hemodynamic
upport  and  as  outcome  biomarkers.5,8,9 A  better  under-
tanding  of  the  limits  and  sources  of  errors  of  this  practice
hould  be  considered  in  critically  ill  patients.10 Many  inves-
igations  use  central  venous  blood  values  (PcvCO2)  measured
rom  the  superior  vena  cava  as  equivalent  to  mixed  venous
lood  measured  from  the  pulmonary  artery  (PvCO2).  The
entral  venous-to-arterial  CO2 difference  may  represent  one
f  the  alternatives  to  the  mixed-to-arterial  CO2 difference,
ut  whether  central  venous  blood  values  could  subrogate
ixed  venous  values  is  still  debated.10---12

We  hypothesized  that  CO2 calculated  variables  are
ependent  on  physiologic  alterations.  Additionally,  central
nd  mixed  venous  blood  parameters  are  not  interchange-
ble.

The  main  goal  was  to  assess  the  physiological  determi-
ants  that  affect  Pv-aCO2 and  Pv-aCO2/Ca-vO2 during  cardiac
urgery.  Second,  we  analyzed  the  agreement  between  mixed
nd  central  venous  blood  values  to  determine  whether  they
re  interchangeable.
ethods

he  present  study  is  a  secondary  retrospective  analysis  of  a
revious  multicenter  investigation,13 which  was  approved  by

a
v

61
tado,  E.  Kohn  et  al.

he  Institutional  Bioethical  Committee,  and  written  consent
as  obtained  from  each  patient.  The  objective  in  the  orig-

nal  paper  was  to  determine  the  clinical  significance  of  the
radient  SO2 and  lactate  within  the  superior  vena  cava  to  the
ulmonary  artery  in  critical  patients.  Using  this  database,
he  present  research  focused  on  35  cardiac  surgeries  per-
ormed  in  our  institution.

We  enrolled  patients  older  than  18  years  of  age  of
ither  sex  who  required  the  insertion  of  a  pulmonary
rtery  catheter:  LVEF  <40%,  combined  surgery,  pulmonary-
ypertension  and  reintervention.  Patients  with  known
ncorrected  valvular  incompetence  or  intracardiac  shunting
ere  excluded.  The  pulmonary  artery  catheter  monitoring

PAC-7.5  Edwards  Life  Sciences)  was  inserted  in  the  right
nternal  jugular  vein,  and  a  radial  arterial  line  was  placed
ccording  to  standard  clinical  practice.

Anesthesia  was  induced  with  etomidate  and  fentanyl
nd  maintained  with  isoflurane  and  fentanyl.  Mechanical
entilation  was  established  to  maintain  an  arterial  PCO2

etween  35  and  40  mmHg.  CBP  was  achieved  with  a  non-
ulsatile  flow  using  a membrane  oxygenator  at  32---33◦C.
he  mean  arterial  pressure  was  maintained  between  50
nd  60  mmHg.  Vasoactive  and  inotropic  infusions  were  pre-
cribed  and  titrated  following  standard  practice  in  each
atient.  Before  arterial  and  venous  cannulation,  300  mg.kg-1

odium  heparin  was  administered  intravenously  (IV)  to
chieve  an  activated  coagulation  time  greater  than  or  equal
o  480  seconds.  Sodium  heparin  was  later  neutralized  with
rotamine  sulfate  in  a  1:1  proportion.  All  patients  received
00  mg  methylprednisolone  during  CPB.  Body  tempera-
ure  was  returned  to  37◦C  before  decannulation.  Parenteral
nalgesia,  sedation,  and  mechanical  ventilation  were  sus-
ained  until  the  patients  were  hemodynamically  stable,
wake,  and  ready  for  weaning  from  mechanical  ventila-
ion.

Measurements  and  calculations  were  taken  at  T1,  after
nesthesia  induction  and  before  CPB;  T2,  after  the  end  of
urgery;  T3  and  T4,  at  6-  to  8-hour  intervals  after  ICU  admis-
ion.

Blood  samples  from  the  arterial  line,  internal  jugular  vein
proximal  port),  and  pulmonary  artery  were  drawn  simulta-
eously  and  in  duplicate.  Hb  concentration,  blood  gases,
actate,  BE,  and  SO2 were  measured  simultaneously  in  each
ascular  compartment  (ABL-700,  Radiometer,  Denmark).

CO  was  measured  in  triplicate  by  thermodilution  and  was
ndexed  by  body  weight.  Systemic  vascular  resistance  (SVR)
as  calculated.  The  physician  in  charge  conducted  hemo-
ynamic  and  anesthetic  treatment  according  to  standard
ractice.

Mixed  venous  CO2 content  was  calculated  according
o  previously  described  formulas.14 The  venous-arterial
CO2 gradients  were  calculated  from  mixed  and  cen-
ral  venous  blood  and  expressed  as  Pv-aCO2,  Cv-aCO2,  and
cv-aCO2.

Arterial  and  venous  oxygen  contents  were  calculated
sing  standard  formulas.  The  venous-arterial  CO2 partial
ressure/arterial-venous  O2 content  ratio  was  calculated
rom  central  and  pulmonary  venous  blood  and  expressed

s  Pv-aCO2/Ca-vO2 for  mixed  and  Pcv-aCO2/Ca-cvO2 for  central
enous  blood,  respectively.
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Table  1  Main  characteristics  of  cardiac  surgery  patients.

Age  (years)  65  ±  10
BMI (kg.m-2)  28  ±  3
LVEF (%)  47  ±  13
CPB duration  (min)  124  ±  32
Aortic clamp  (min)  80  ±  29

Gender
Female  15/35
Male 20/35

Type of  Surgery
Combined  10/35
CABG on-pump 12/35
CABG  off-pump 6/35
Valvular  replacement  6/35
Thoracic  aortic  surgery  1/35

Comorbidities
Arterial  hypertension 17/35
Dyslipidemia  9/35
Smokers  11/35
Diabetes  7/35
Creatinine  >  2  mg.dL-1 1/35

Mean values ± SD, or fractions.
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tatistical  analysis

ata  are  presented  as  the  mean  and  standard  devia-
ion  (SD),  standard  error  (SE)  or  absolute  numbers  and
ercentages  (%).  Variables  over  time  were  analyzed  by
epeated-measures  ANOVA  followed  by  the  Bonferroni  post
oc  test.  Linear  correlations  were  studied  between  Pv-aCO2

nd  Pv-aCO2/Ca-vO2 with  hemodynamic  and  metabolic  varia-
les.  Multilevel  linear  regression  models  with  mixed  effects
or  Pv-aCO2 and  Pv-aCO2/Ca-vO2 as  outcome  variables  were
erformed,  including  CI,  Hb,  pH,  BE,  and  SvO2 at  different
ime  intervals.  Statistical  significance  was  assumed  when

 ≤  0.05.
The  interchangeability  between  central  and  pulmonary

lood  samples  was  studied  using  Bland-Altman  analysis.  The
tility  of  this  approach  is  limited  when  treatments  or  inter-
entions  affect  the  variables  over  time.  Then,  change  or
elta  values  were  plotted  using  a  Cartesian  X-Y  4-quadrant
lot,  allowing  the  evaluation  of  the  direction  of  the  change
r  the  concordance  rate.  The  concordance  rate  was  defined
s  the  percentage  of  values  included  in  the  right  superior  and
eft  inferior  quadrants  of  the  plots.  The  agreement  between
ariables  was  considered  weak  when  this  percentage  was
ess  than  80%.  The  polar  plot  analysis  allowed  a  more  precise
valuation  of  the  trend  and  magnitude  of  changes  between
he  study  (central  venous  blood)  and  reference  variables
mixed  venous  blood).  From  the  central  point,  changes  in
he  calculated  pairs  of  values  are  represented  as  vectors
ith  defined  angles  and  magnitudes.  The  mean  angular  bias

q)  and  the  standard  deviation  represent  all  measured  angles
rom  the  polar  reference  axis  (0◦).  In  addition,  radial  limits
f  agreement  were  estimated  as  the  radial  sector  that  con-
ains  95%  of  the  values  (2SD).  A  mean  angular  value  ±5◦ and

 radial  limit  of  agreement  ±30◦ were  the  defined  limits  for
he  polar  plot  analysis.15

esults

able  1  presents  demographics  characteristics.  Nore-
inephrine  was  used  in  2.7%  of  patients  during  T1,  50%  in  T2
nd  T3,  and  36.1%  in  T4  (p  <  0.05).  Dobutamine  or  milrinone
as  used  in  11.1%  of  patients  during  T1,  16.6%  during  T2  and
3,  and  19.4%  during  T4  (ns).  Drug  infusion  was  titrated  by
he  physician  in  charge.  Three  patients  (8.6%)  died.

emodynamics  and  metabolic  course

ystemic  hemodynamics,  O2 metabolism  and  metabolic
ariables  are  summarized  in  Table  2.  This  patient  exhibited

 postoperative  hemodynamic  pattern  characterized  by  high
I  and  low  SVR  (p  <  0.05).  The  MAP  was  75.1  ±  18.7  mm  Hg
nd  increased  significantly  to  86.7  ±  14.1  mm  Hg  (T4)
ompared  to  T2  (p  <  0.05).  The  Hb  concentration  was  signifi-
antly  lower  than  baseline  during  T2  and  T3  (p  < 0.05).  These
hanges  were  accompanied  by  a  decrease  in  arterial  oxygen
ontent  (CaO2)  at  the  same  time  intervals  (p  <  0.05).  Arte-
ial  pH  decreased  significantly  during  T2  and  T3  (p  <  0.05),

hereas  arterial  lactate  levels  were  higher  than  baseline

hroughout  the  study  (p  <  0.05).  Although  a  transient  trend
oward  lower  BE  values  was  noted  in  the  postoperative
eriod,  these  changes  were  not  statistically  significant  com-

l
t
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BMI, body mass index; CABG, coronary artery bypass grafting;
CPB, cardiopulomary bypass.

ared  to  baseline.  SvO2 and  ScvO2 were  significantly  lower
uring  T3  and  T4  (p  <  0.05).  Oxygen  delivery  (DO2) increased
ignificantly  during  the  postoperative  period  (T2  and  T3)
p  <  0.05),  returning  to  basal  values  at  T4.  VO2 increased
nd  remained  significantly  higher  than  baseline  levels  after
2  (p  <  0.05).  The  oxygen  extraction  ratio  (EO2)  increased
uring  T3  and  T4  (p  <  0.05).

O2-derived  measurements

O2-derived  measurements  are  shown  in  Table  2.  The
v-aCO2 and  Cv-aCO2 gradients  did  not  exhibit  significant
hanges  compared  to  baseline.  The  Pv-aCO2/Ca-vO2 and
v-aCO2/Ca-vO2 ratios  did  not  change  until  T4,  when  the  val-
es  were  significantly  lower  than  baseline  (p  <  0.05).

Pcv-aCO2 and  Pcv-aCO2/Ca-cvO2 showed  higher  absolute  val-
es  but  similar  trends  during  the  study.

To  identify  the  overall  influence  of  the  different  physio-
ogic  variables,  we  performed  a  global  correlation  for  both
ariables.  Figure  1  shows  the  scatter  plot  and  correlation
oefficients  between  Pv-aCO2 and  the  main  hemodynamic
nd  metabolic  variables.  A  significant  positive  linear  cor-
elation  was  identified  between  Pv-aCO2 and  arterial  lactate
nd  EO2 (p  <  0.05).  A  negative  linear  correlation  was  iden-
ified  between  the  same  variable  and  BE,  SvO2,  Hb,  pH,
nd  DO2 (p  <  0.05).  However,  r2 values  were  always  low,
enoting  a  weak  coefficient  of  determination  between  these
ariables.  Figure  2  shows  the  global  correlation  between
v-aCO2/Ca-vO2 with  the  same  variables.  A  significant  positive

inear  correlation  with  CI  and  SvO2 (p  <  0.05)  was  noted.  On
he  other  hand,  a  significant  inverse  linear  correlation  was
ound  between  Pv-aCO2/Ca-vO2 and  Hb,  arterial  pH,  BE,  and
O2 (p  <  0.05),  but  all  r2 values  were  low.
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Table  2  Hemodynamic,  metabolic  and  CO2derived  variables  at  different  time  intervals.

T1  T2  T3  T4

CI  (L.min-1)  2.09  ±  0.62  2.71  ±  0.68a 2.86  ±  0.71a 2.81  ±  1.18a

SVRI  (dyn.s/cm-5)  2670  ±  902  1872  ±  663a 2020  ±  648a 2224  ±  618b

MAP  (mmHg) 75.1  ±  18.7 71.9  ±  13.5 79.4  ±  15.5  86.7  ±  14.1b

Hb  (g.L-1)  11.8  ±  2.4  10.1  ±  1.8a 9.9  ±  1.8a 10.7  ±  2.9
pH 7.40  ±  0.08  7.33  ±  0.09a 7.33  ±  0.08a 7.39  ±  0.1b

BE  (mmol.L-1)  -1.3  ±  3.26  -4.3  ±  3.8  -4.8  ±  4.4  -2.4  ±  3.7
PaCO2 (mmHg)  36.9  ±  7.2  39.8  ±  9.8  37.9  ±  5.5  36.4  ±  5
Lactate (mmol.L-1)  1.27  ±  0.7  3.3  ±  1.4a 4.3  ±  3.5a 4.2  ±  4.9a

SvO2 (%)  77.0  ±  8.4  75.6  ±  6.5  64.6  ±  9.6a,b 62.1  ±  8.2a,b

ScvO2 (%)  77.3  ±  9.7  77.3  ±  7.3  67.6  ±  9.2a,b 65.2  ±  9.6a,b

CaO2 (mL.dL-1) 15.8  ±  3.3 13.6  ±  2.4a 13.3  ±  2.4a 14.1  ±  4.1
CvO2 (mL.dL-1)  12.3  ±  2.7  10.4  ±  2.3a 8.7  ±  2.3a 8.9  ±  3.4a

Ca-vO2 (mL.dL-1)  3.8  ±  1.5  3.2  ±  0.9  4.6  ±  1.1  5.0  ±  1.1a,b

CcvO2 (mL.dL-1)  12.4  ±  2.9  10.7  ±  2.3a 9.1  ±  2.3a 9.5  ±  3.5a

Ca-cvO2 (mL.dL-1)  3.6  ±  1.8  2.9  ±  1.1  4.1  ±  1.2  4.6  ±  1.5b

DO2 (mL.min-1.m-2)  487  ±  197  663  ±  275a 590  ±  279a 513  ±  259
VO2 (  mL.min-1.m-2) 108  ±  45  147  ±  51a 195  ±  81a,b 179  ±  89a

EO2 (%)  23.3  ±  7.7  23.6  ±  6.3  34.5  ±  9.8a,b 36.5  ±  10a,b

Pv-aCO2 (mm  Hg) 7.8  ±  2.5  7.5  ±  4.3  7.9  ±  2.7  7.2  ±  2.5
Cv-aCO2 (mL.dL-1) 5.7  ±  0.7 4.6  ±  1.0  4.7  ±  0.4  4.5  ±  0.5
Pv-aCO2/C(a-v)O2 (mm  Hg.mL-1) 2.1  ±  0.6  2.5  ±  1.3  1.8  ±  0.7  1.4  ±  0.6a,b

Cv-aCO2/Ca-vO2 (mL.dL-1) 1.5  ±  0.1 1.5  ±  0.3  1.1  ±  0.1  0.9  ±  0.1a

Pcv-aCO2 (mmHg) 8.8  ±  3.0 8.0  ±  4.3 9.5  ±  3.3  7.5  ±  3.0
Pcv-aCO2/Ca-cvO2 (mmHg.mL-1) 2.8  ±  1.7 2.8  ±  1.3  2.2  ±  0.9  1.5  ±  0.5a,b

CI, Cardiac Index; SVRI, Systemic Vascular Resistance Index; MAP, Mean Arterial Pressure; Hb, hemoglobin concentration; pH, arterial pH;
BE, Base Excess; PaCO2, arterial carbon dioxide partial pressure; Lactate, arterial lactate; SvO2, mixed venous hemoglobin saturation;
ScvO2, central venous hemoglobin saturation; CaO2, arterial oxygen content; CvO2, mixed venous oxygen content; CcvO2, central venous
oxygen content; DO2, systemic oxygen delivery index; VO2, systemic oxygen consumption index; EO2, systemic oxygen extraction ratio.
Pv-aCO2, mixed venous minus arterial CO2 partial pressure gradient; Cv-aCO2, mixed venous minus arterial CO2 Content; Pv-aCO2/C(a-v)O2,
mixed venous minus arterial PCO2 /arterial minus mixed venous Oxygen content ratio; Cv-aCO2/Ca-vO2, mixed venous minus arterial CO2
Content / arterial minus mixed venous Oxygen content ratio; Pcv-aCO2, central venous minus arterial CO2 partial pressure gradient;
Pcv-aCO2/Ca-cvO2, central venous minus arterial PCO2/arterial minus central venous oxygen content ratio. T1, initial evaluation; after
general anesthesia and before surgery; T2, after surgery and extracorporeal circulation; T3 and T4, after ICU admission at 6-8 hours
intervals. Mean values ± SD.

a p < 0.05 vs T1.
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b p < 0.05 vs T2.

Although  the  coefficients  of  determination  remained
eak,  the  statistical  significance  of  the  correlations  var-

ed  over  time.  Pv-aCO2 did  not  correlate  with  any  of  these
ariables  at  baseline,  but  it  was  significantly  correlated  with
actate  (T2)  (p  <  0.05)  or  with  Hb,  lactate,  SvO2,  BE  and  EO2
t  the  T3  (p  <  0.05)  and  T4  time  points  (p  <  0.05).  In  addi-
ion,  the  Pv-aCO2 /Ca-vO2 ratio  was  significantly  correlated
ith  Hb,  SvO2,  BE  and  EO2 at  T1  (p  <  0.05);  SvO2 and  EO2 at
2  (p  <  0.05);  Hb,  lactate  and  BE  at  T3  (p  <  0.05);  and  CI,
b  and  BE  at  the  end  of  the  study  (T4)  (p  <  0.05).

Table  3 summarizes  the  multilevel  linear  regression
odel  with  mixed  effects  for  the  Pv-aCO2 difference  and

v-aCO2/Ca-vO2 ratio  as  outcome  parameters,  including  CI,
b,  arterial  pH,  BE,  and  SvO2 for  each  analysis.  SvO2

nd  BE  were  the  main  significant  determinants  for  Pv-aCO2

r2 =  0.25),  whereas  Hb,  SvO2,  and  BE  were  the  statisti-
2
al  determinants  for  the  Pv-aCO2/Ca-vO2 ratio  (r =  0.33)

p  <  0.05).
a
6

61
land-Altman,  Quadrant  plot  and  Polar  plot  analysis

he  bias  of  the  difference  in  the  Bland-Altman  analysis  for
v-aCO2 and  Pcv-aCO2 was  0.59,  whereas  the  limits  of  agree-
ent  were  -3.7  to  4.9  mm  Hg  (2SD).  Pv-aCO2/Ca-vO2 and

cv-aCO2/Ca-cvO2 were  also  analyzed.  The  mean  difference
alue  was  0.38,  whereas  the  limits  of  agreement  ranged
rom  -1.13  to  1.89  (2SD).

In  Fig.  3,  the  upper  panel  shows  the  4-quadrant  and
olar  plot  analysis  that  describes  the  trend  and  magni-
ude  of  changes  between  �Pv-aCO2 and  �Pcv-aCO2 gradients.
he  concordance  rate  was  73  %,  and  the  mean  polar
ngle  was  -1.5◦ ±  38◦. The  radial  limit  of  agreement  was
6◦. The  �Pv-aCO2/Ca-vO2 and  �Pcv-aCO2/Ca-cvO2 ratios  are
hown  in  the  lower  panel.  The  concordance  rate  calcu-
ated  from  the  4-quadrant  plot  was  81%.  The  mean  polar

ngle  was  3.3◦ ±  34◦,  and  the  radial  limit  of  agreement  was
8◦.
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Figure  1  Correlation  between  mixed  venous  minus  arterial  CO2 partial  pressure  (P CO )  with  hemodynamic  and  metabolic
p acta
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iscussion

irst,  cardiovascular  and  metabolic  alterations  at  different
ime  intervals  during  cardiac  surgery  were  not  followed  by
ignificant  changes  in  the  Pv-aCO2 gradient,  and  the  only  sig-
ificant  difference  was  a  decrease  in  the  Pv-aCO2/Cv-aO2 ratio
t  the  end  of  the  study.

Second,  the  Pv-aCO2 gradient  and  Pv-aCO2/Cv-aO2 ratio
ere  weak  but  significantly  associated  with  factors  that

ffect  the  CO2 hemoglobin  dissociation  curve.  Furthermore,
he  dependence  of  these  factors  varied  over  time.  Finally,
e  evidenced  poor  agreement  between  central  and  mixed
enous  calculations.
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te,  arterial  lactate;  SvO2,  mixed  venous  oxygen  saturation;  pH,
tio;  DO2,  Systemic  O2 delivery.

As  frequently  observed  during  cardiac  surgery,  patients
eveloped  a hyperdynamic  pattern.16 In  this  context,  lactic
cidosis  was  not  related  to  a  low  cardiac  output  state  but
as  more  likely  to  be  an  imbalance  between  oxygen  deliv-
ry  and  consumption.  Persistent  hyperlactatemia  could  also
esult  from  accelerated  aerobic  glycolysis  under  the  effects
f  endogenous  or  exogenous  catecholamines.17---19

v-aCO2 and  Pv-aCO2/Ca-vO2 as  hemodynamic  and

etabolic markers

emodynamic  and  metabolic  derangements  were  not
ccompanied  by  significant  Pv-aCO2 gradient  alterations.  Our
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Figure  2  Correlation  between  mixed  venous  minus  arterial  CO2 partial  pressure/arterial  minus  mixed  venous  oxygen  content  ratio
(Pv-aCO2/Ca-vO2).  CI,  cardiac  index;  Hb,  hemoglobin  concentration;  Lactate,  arterial  lactate;  SvO2,  mixed  venous  oxygen  saturation;
p actio
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H, arterial  pH;  BE,  arterial  base  excess;  EO2,  Systemic  O2 extr

ndings  agree  with  other  studies  that  showed  a  weak  corre-
ation  between  the  Pv-aCO2 difference  and  some  physiologic
ariables  (CI,  pH,  Hb,  BE,  and  SvO2).20,21 It  has  been  shown
hat  this  variable  was  not  able  to  detect  significant  changes
n  systemic  blood  flow  and  global  O2-derived  metabolism
n  cardiac  surgery  patients.1,22 Several  confounding  factors
ay  influence  the  CO2 hemoglobin  dissociation  curve  and

he  relationship  between  PCO2 and  CCO2 in  venous  blood
n  unstable  critically  ill  patients.23,24 Accordingly,  the  coef-

cients  of  determination  between  Pv-aCO2 and  Hb,  pH,  BE,

actate,  and  SvO2 were  significant  but  weak,  either  when
alculated  globally  or  separately,  at  each  time  interval.  Fur-
hermore,  the  multilevel  linear  regression  model  identified

V
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61
n  ratio;  DO2,  Systemic  O2 delivery.

E  and  SvO2 as  weak  but  significant  determinants  of  the
v-aCO2 gradient.

The  Pv-aCO2/Ca-vO2 ratio  also  remained  relatively  stable
ompared  to  baseline  until  the  end  of  the  study  when  there
as  a  significant  reduction.  Until  this  time,  ratios  were
reater  than  the  threshold  described  (>  1.4),  indicating  the
nset  of  anaerobic  metabolism.  However,  this  issue  remains
ontroversial,  and  some  studies  failed  to  identify  such  an
ssociation  after  blood  transfusion  in  hemorrhagic  shock.

O2 and  the  RQ  were  measured  by  analysis  of  normalized
xpired  gases,  but  Pv-aCO2/Ca-vO2 remained  high  perhaps  due
o  persistent  hyperlactatemia.25 The  Pv-aCO2/Ca-vO2 ratio  is

 composite  calculation  affected  by  many  pathophysiolog-
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Table  3  Multilevel  linear  regression  model  with  mixed  effects  for  Pv-aCO2 difference  and  Pv-aCO2/Ca-vO2 ratio.

Coefficient  SE  p-value  95%  CI

Pv-aCO2

Constant  11.4  2.00  <  0.001  5.70  to  7.19
SvO2 (%) -0.082  0.027  0.002  -0.135  to  -0.029
BE (mmol.L-1)  -0.238  0.072  0.001  -0.381  to  -0.096
r2 =  0.25;  p  <  0.001
Pv-aCO2/Ca-vO2

Constant  0.98  0.624  0.118  -2.55  to  2.24
SvO2 (%)  0.046  0.007  <  0.001  0.030  to  0.061
Hb (g.L-1)  -0.222  0.035  <  0.001  -0.292  to  -0.152
BE (mmol.L-1)  -0.084  0.022  <  0.001  -0.128  to  0.041
r2 =  0.33;  p  <  0.001

SvO2, mixed venous oxygen saturation; Hb, hemoglobin concentration; BE, base excess; SE, standard error.

Figure  3  Upper  panel:  4-quadrant  plot  and  polar  plot  analysis  showing  concordance  rate,  mean  polar  angles,  and  radial  limits
of agreement  between  delta  venous  minus  arterial  CO2 partial  pressure  gradients  measured  from  mixed  venous  and  central  venous
blood samples  (�Pv-aCO2,  �Pcv-aCO2).  Lower  panel:  4-quadrant  plot  and  polar  plot  analysis  showing  concordance  rate,  mean  polar
angles, and  radial  limits  of  agreement  between  delta  venous  minus  arterial  CO2 partial  pressure/arterial  minus  venous  oxygen
content ratios  measured  from  mixed  venous  and  central  venous  blood  samples.  (�Pv-aCO2/Ca-vO2,  �Pcv-aCO2/Ca-cvO2).
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J.P.  Bouchacourt,  F.J

cal  changes.  The  same  considerations  mentioned  for  the
v-aCO2 gradient  could  have  affected  the  capacity  of  the
atio  to  identify  tissue  hypoxia.  In  this  case,  a  weak  but  sig-
ificant  correlation  was  also  found  with  SvO2,  CI,  Hb,  arterial
H,  and  BE.  The  multilevel  linear  regression  model  revealed
hat  Hb,  SvO2,  and  BE  were  the  main  determinants  affecting
he  ratio.26 Transient  changes  in  Hb  concentration  affected
v-aCO2/Ca-vO2 independent  of  the  occurrence  of  anaero-
ic  metabolism.  Hemodilution  may  affect  the  Pv-aCO2/Ca-vO2

radient  through  changes  in  CO2 dissociation  from  Hb.  Ane-
ic  hypoxia  increases  oxygen  extraction  and  may  result  in

eductions  in  Ca-vO2.  Thus,  one  mechanism  can  explain  the
ffect  of  Hb  changes  on  Pv-aCO2,  whereas  two  mechanisms
an  affect  the  Pv-aCO2/Ca-vO2 ratio.

SvO2 and  BE  also  affect  the  balance  between  dissolved
nd  combined  CO2.  Furthermore,  lactate  was  a  significant
eterminant  of  the  Pv-aCO2 gradient  and  Pv-aCO2/Ca-vO2 ratio
uring  T2  and  T3  when  lactic  acidosis  was  present.  The
hanging  behavior  of  the  correlations  at  different  time
oints  further  reinforces  the  concept  that  both  are  more
ependent  on  the  variables  that  modify  the  dissociation  of
O2 from  Hb  compared  with  CI  or  DO2.

During  CPB,  the  CO2 hemoglobin  dissociation  curve  shifts
ownward  in  both  arterial  and  venous  blood,  affecting
O2 transport  even  after  CPB  ends.27 A  primary  determi-
ant  of  this  change  is  hemodilution.10 Restoration  of  blood
O2 transport  capacity  does  not  occur  immediately  after
emoglobin  correction.  Among  other  factors,  metabolic  aci-
osis,  changes  in  body  temperature,  and  the  Haldane  effect
ould  shift  the  CO2 hemoglobin  dissociation  curve  and  the
elationship  between  PCO2 and  CCO2.27

During  CPB,  the  temperature  decreased  to  32---33◦C  fol-
owed  by  a  rewarming  phase  up  to  37◦C  at  the  end  of  the
rocedure.  Thus,  by  the  time  these  patients  were  evaluated,
ody  temperature  was  within  the  normal  range.  Hypother-
ia  increases  CO2 solubility,  and  rewarming  might  cause

he  release  of  dissolved  CO2 from  the  tissues,  also  affecting
he  Pv-aCO2 gradient.28 Sudden  changes  in  body  tempera-
ure  affect  VO2,  CO2 production,  and  transport,  and  these
lterations  could  remain  several  hours  after  surgery.

The  hyperdynamic  state  and  vasoactive/inotropic  drug
nfusion  could  be  associated  with  the  maldistribution  of
lood  flow,  and  the  heterogeneous  circulation  could  slow
r  impair  CO2 removal  from  peripheral  tissues.29

By  the  end  of  the  study,  sedoanalgesia  and  mechani-
al  ventilation  were  gradually  diminished,  and  spontaneous
reathing  recovered.  The  higher  VO2 with  increased  EO2

rom  T3  may  represent  increased  O2 demands  and  trend  with
ecreased  SvO2 and  increased  Ca-vO2.  By  this  time,  arterial
H  and  BE  were  within  normal  ranges,  suggesting  preserved
ystemic  aerobic  metabolism.30

ack  of  agreement  between  central  and  mixed
enous blood  CO2-derived  parameters

n  additional  source  of  error  should  be  considered  when  the
nalysis  of  SO2 and  the  CO2-derived  variables  are  made  from

entral  venous  blood  samples.

Bland-Altman  limits  of  agreement  were  large  enough
o  make  them  unacceptable  for  clinical  decisions.  A  Four-
uadrant  plot  demonstrated  a  weak  concordance  rate  (73%)
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or  the  central  and  mixed  venous  delta  PCO2 differences.
he  concordance  rate  for  the  delta  PCO2/CO2 ratio  was  81%,
hich  is  in  the  limit  of  concordance  acceptance.  When  com-
leting  the  study  with  the  polar  plot  method,  the  radial
imits  of  agreement  were  extremely  high  for  both  varia-
les.  These  findings  along  with  the  initial  Bland-Altman
pproach  confirm  that  trends  between  these  variables  were
ot  interchangeable.  Cardiac  surgery  courses  with  sudden
nd  significant  metabolic  and  hemodynamic  changes  that
ay  differently  affect  the  upper  part  of  the  body,  including

he  central  nervous  system,  compared  to  the  infradiaphrag-
atic  region,  mainly  the  splanchnic  area.11

Limitations  of  the  study.  The  retrospective  charac-
eristics  of  the  analysis  may  represent  a  limitation.  We
ecognized  that  RQ  is  the  gold  standard  used  to  identify
he  onset  of  anaerobic  metabolism,  and  Pv-aCO2/Ca-vO2 is

 proper  surrogate,  not  Pcv-aCO2/Ca-cvO2.
Nevertheless,  Pcv-aCO2/Ca-cvO2 is  typically  used  for  this

urpose.  Thus,  the  goal  of  this  study  was  to  show  the  poor
greement  between  the  ratio  calculated  from  either  mixed
enous  or  central  venous  samples.  We  agree  that  a  proper
nalysis  should  consider  the  CO2 contents  instead  of  pres-
ures.  Although  these  calculations  were  performed,  it  should
e  emphasized  that  any  algorithm  for  CO2 content  calcu-
ations  has  severe  limitations.  Douglas  et  al.14 reported  an
xcellent  correlation  between  measured  and  calculated  CO2

ontents.  Despite  this,  the  corresponding  bias  and  95%  lim-
ts  of  agreement  between  the  measured  and  calculated  CO2

ontents  were  0.02  and  4.66  mL/100  mL,  respectively.  Con-
equently,  the  measured  and  calculated  CO2 contents  are
ot  interchangeable.  This  explains  for  the  frequent  negative
alues  of  calculated  Cv-aCO2 found  with  the  Douglas  formula.

Information  about  body  temperature  was  not  available
nd  precluded  a  more  precise  analysis  of  arterial  and  venous
O2 content.  Finally,  the  number  of  cases  was  relatively  low.

onclusions

n  this  population,  the  Pv-aCO2 gradient  and  Pv-aCO2/Ca-vO2

atio  did  not  change  significantly  throughout  the  study  and
ere  dependent  on  the  effects  of  changing  physiological
onditions.  Many  pathophysiological  changes  could  affect
he  relationship  between  PCO2 and  CCO2, making  these
easurements  less  sensitive  to  changes  in  systemic  blood
ow.  Additionally,  simultaneous  measurements  made  from
entral  and  mixed  venous  blood  showed  poor  agreement.
herefore,  CO2-derived  variables  should  be  cautiously  used
o  guide  hemodynamic  support  and  to  monitor  tissue  oxy-
enation  during  cardiac  surgery.
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ubble technique  for its confirmation  in anesthetized
atients: a  prospective  randomized  study

nkur Sharma a,∗, Varuna Vyas b, Shilpa Goyal c, Pradeep Bhatia c,
riyanka Sethi c, Akhil Dhanesh Goel d

All  India  Institute  of  Medical  Sciences  (AIIMS),  Department  of  Trauma  &  Emergency  (Anaesthesiology),  Jodhpur,  India
All  India  Institute  of  Medical  Sciences  (AIIMS),  Department  of  Pediatrics,  Jodhpur,  India
All  India  Institute  of  Medical  Sciences  (AIIMS),  Department  of  Anaesthesiology  &  Critical  Care,  Jodhpur,  India
All  India  Institute  of  Medical  Sciences  (AIIMS),  Department  of  Community  &  Family  Medicine,  Jodhpur,  India

eceived 26  May  2020;  accepted  15  January  2021
vailable  online  22  March  2021

KEYWORDS
Nasogastric
intubation;
General  anesthesia;
Fluoroscopy

Abstract
Background:  Nasogastric  tube  insertion  and  confirmation  of  its  position  can  be  difficult  in  the
anesthetized  patient.  The  purpose  of  the  present  study  was  to  compare  the  bubble  technique
with the  conventional  method  for  confirmation  of  nasogastric  tube  placement  in  these  patients.
Methods: Two  hundred  sixty  adult  patients,  aged  between  20---70  years,  posted  for  surgeries
requiring general  anesthesia,  tracheal  intubation,  and  a  nasogastric  tube  were  enrolled  in  this
study. Patients  were  randomized  into  2  groups:  Group  B  (Bubble  group)  and  Group  C  (Control
group).  In  Group  C,  a  conventional  technique  using  a  lubricated  nasogastric  tube  was  positioned
through the  nostril  with  head  remained  neutral.  In  Group  B,  2%  lidocaine  jelly  was  added  to
the proximal  end  to  form  a  single  bubble.  The  correct  placement  of  the  nasogastric  tube  in  the
stomach was  confirmed  by  fluoroscopy  by  an  independent  observer  intraoperatively.
Results: The  duration  of  nasogastric  tube  insertion  was  57.2  ±  13.3  seconds  in  Group  B  and
59.8 ±  11.9  seconds  in  Group  C  (p  =  0.111).  The  confirmation  rate  of  the  bubble  technique  was
76.8% (95%  CI:  68.7---83.3),  which  was  significantly  better  than  the  conventional  method  where

the confirmation  rate  was  59.7%  (95%  CI  50.9---67.9),  p  <  0.001.  When  compared  to  fluoroscopy,
bubble technique  was  found  to  have  a  sensitivity  of  92.3%  (95%  CI:  85.6---96.1)  with  specificity
of 81.0%  (95%  CI:  60.0---92.3),  positive  predictive  value  of  96.0%  (95%  CI:  90.2---98.4),  and  a
moderate  negative  predictive  value  of  68.0%  (95%  CI:  48.4---82.8).
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Conclusions:  The  bubble  technique  of  nasogastric  tube  insertion  has  a  higher  confirmation  rate
in comparison  to  the  conventional  technique.
Trial Registry  Number:  Clinical  Trial  Registry  of  India  (CTRI/2018/09/015864).
© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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n  anesthetized  patients,  the  insertion  and  confirmation  of
 Nasogastric  Tube  (NGT)  could  be  challenging,  with  a  fail-
re  rate  of  almost  50%  on  the  first  attempt  in  neutral  head
osition.1,2 Multiple  attempts,  after  a  failure,  are  generally
nsuccessful  due  to  the  coiling,  kinking,  or  knotting  of  the
GT.  Once  kinked,  the  NGT  is  more  likely  to  kink  at  the  same
ite.  Piriform  sinuses  and  arytenoid  cartilage  are  the  most
requent  impaction  sites  of  the  NGT.3

Although  inserting  an  NGT  is  reasonably  safe,  incorrect
lacement  may  cause  serious  and  fatal  complications.  The
isplacement  of  NG  tubes  has  been  documented  in  quite
ifferent  rates  in  the  literature:  1.9---89.5%  in  adults  and
0.9---43.5%  in  children.4 One  of  the  major  incidents  with
GT  is  the  wrong  connection.  The  design  of  these  devices  is
uch  that  it  is  possible  to  infuse  enteral  feed  or  drugs  through
n  unwanted  route,  such  as  an  intravenous  route.  Inadver-
ent  placement  of  the  NGT  in  the  respiratory  system  can
ead  to  bronchoaspiration,  pneumothorax,  subcutaneous
mphysema,  pulmonary  hemorrhage,  empyema,  and  bron-
hopleural  fistula.5 These  incidents  may  occur  while  an  NGT
s  being  inserted  or  advanced  through  the  gastrointestinal
ract,  such  as  sinusitis,  nasal  septal  erosion,  epistaxis,  and
sophageal  perforation.6 Other  unusual  events  related  to
GT  include  intracranial  placement,7 mediastinitis,  pneu-
omediastinum,  and  perforation  of  the  internal  jugular

ein.8 Therefore,  the  correct  placement  of  NGT  requires  to
e  checked.

Different  conventional  approaches,  including  ausculta-
ions,  gastric  aspirate  pH,  and  its  visual  inspection  are
mplemented  to  verify  that  the  nasogastric  tube  (intragas-
ric  position)  is  correctly  positioned.9 The  other  methods
f  verification  of  NGT  placement  identified  are  calorimetric
arbon  dioxide  indicators,  X-ray,  ultrasound,  endoscopy,  flu-
roscopy,  and  magnet  tracking.9 But  while  the  NGT  has  to  be
laced  intraoperatively,  the  abdomen  is  under  the  drapes,
nd  most  of  the  above  procedures  are  not  implementable.

In  a  brief  report,  Prasad  et  al  introduced  the  bubble  tech-
ique  as  an  innovative  method  of  NGT  placement.10 They
escribed  this  technique  as  before  inserting  the  NGT,  a jelly
s  applied  to  its  proximal  end.  When  the  NGT  crosses  gas-
roesophageal  junction  and  reaches  into  the  stomach,  the
as  in  the  stomach  is  supposed  to  form  a  bubble  at  the  prox-
mal  end  of  the  NGT.  They  further  explained  that  no  bubble
orms  if  the  NGT  is  coiled  in  an  oral  cavity  and  bubbles  are

ormed  repeatedly  when  placed  intratracheally;  in  case  of
n  intragastric  placement,  one  or  two  bubbles  appear.  They
uccessfully  placed  over  100  NGTs  during  general  anesthe-
ia  using  this  technique.  We  have  also  done  a  pilot  study  on

c
j
b
t

62
atients  using  this  technique,  and  found  it  to  be  useful.  This
aneuver  was  not  examined  until  now  in  the  literature,  so
e  planned  this  technique  to  validate.

The  present  study  was  carried  out  with  an  aim  to  compare
he  bubble  technique  of  NGT  insertion  with  the  conventional
ethod  as  a reference  to  confirm  its  position  in  the  stomach.
e  hypothesized  that  the  NGT  position  confirmation  rate  of

he  bubble  technique  would  be  higher  than  the  conventional
ethod.

ethods

his  parallel  group  randomized  controlled  study  was  con-
ucted  in  the  operation  theatre  of  a  tertiary  care  hospital
fter  approval  from  the  Institutional  Ethical  committee
http://ctri.nic.in/Clinicaltrials/WriteReadData/ethic/
379127330EthicalNG.jpg].  The  study  was  registered  in  the
linical  Trial  Registry  of  India  (CTRI  n◦ CTRI  2018/09/015864)
http://ctri.nic.in/Clinicaltrials/rmaindet.php?trialid=284
5&EncHid=25676.95146&modid=1&compid=19).  Written
nformed  consent  was  obtained  from  every  patient.  Ameri-
an  Society  of  Anesthesiologists  (ASA)  physical  status  I  and
I  patients  with  normal  airway  (Mallampati  grade  1  or  2),
ged  between  20  to  70  years,  posted  for  surgeries  requiring
eneral  anesthesia  with  neuromuscular  blocking  agents,
racheal  intubation,  and  a  nasogastric  tube  were  included
n  this  study.  Patients  with  predicted  difficult  airways
excessive  obesity  [Body  Mass  Index  (BMI)  >  40  kg.m−2],
hyroid  diseases),  full  stomach,  nasal  deformation,  epis-
axis  history,  gastrointestinal  hemorrhage,  coagulopathy,  or
sophageal  or  thyroid  diseases  were  excluded.

The  study  participants  were  enrolled  by  the  first  author
AS).  The  patients  were  randomly  distributed  with  a  1:1  allo-
ation  ratio  into  two  groups  (Group  B  [Bubble  technique]
nd  Group  C  [Control],  according  to  computer-generated
andomization  order  following  induction  of  general  anesthe-
ia  and  tracheal  intubation.  Random  number  sequence  was
enerated  by  one  of  the  authors  (ADG)  using  the  ‘‘rand  ()’’
ommand  in  Microsoft  Excel  software.  Allocation  conceal-
ent  was  done  using  Sequentially  Numbered  Opaque  Sealed

nvelope  (SNOSE)  method.  Another  author  (SG)  assigned  the
tudy  participants  to  trial  groups.

In  the  control  group,  a  conventional  technique  involving
 lubricated  NGT  with  2%  lidocaine  was  placed  through  the
elected  nostril,  the  head  remained  in  the  neutral  position.
n  the  bubble  technique  group,  the  distal  end  was  lubri-

ated  with  lidocaine  jelly  with  2%  lidocaine,  and  the  same
elly  was  also  added  to  the  proximal  end  to  fill  its  lumen
y  0.5  to  1.0  cm.  When  the  NGT  tip  crosses  over  the  gas-
roesophageal  junction  and  reaches  the  stomach,  a  single

1

http://creativecommons.org/licenses/by-nc-nd/4.0/
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igure  1  Arrow  showing  a  single  bubble  formed  at  the  proxi-
al end  of  the  nasogastric  tube.

ubble  was  expected  to  form  from  the  jelly  due  to  gas  in
he  stomach  at  the  proximal  end  of  the  NGT  (Fig.  1).

By  gauging  the  distance  from  the  tip  of  the  patient’s  nose
o  the  earlobe  and  from  the  earlobe  to  the  xiphoid  process,
e  determined  the  required  length  of  NGT  to  enter  the

tomach.  An  experienced  anesthesiologist  (who  had  more
han  3  years  of  experience  in  anesthesia  and  nasogastric
ube  insertion)  carried  out  all  the  NGT  insertion  to  reduce
he  bias  of  expertise.  The  nostril  used  for  NGT  insertion
as  preoperatively  chosen  according  to  two  parameters;  the
mount  of  fog  produced  on  a  metal  tongue  depressor  during
xhalation  and  the  relative  nostril  size.  In  all  patient  groups,

 14F,  119-cm  STERILENE  NGT  (Sterimed  Medical  Devices
vt.  Ltd.,  Bahadurgarh,  Haryana,  India)  with  radio-opaque
arking  at  the  distal  end  was  used.
The  start  time  of  the  procedure  was  defined  when  the

GT  insertion  was  initiated  into  the  selected  nostril.  The
nd  time  procedure  was  defined  as  the  time  when  the  NG
ube  was  correctly  placed.  This  time  included  NGT  insertion
ime  plus  fluoroscopy  time  for  confirmation.  The  duration  of
he  procedure  was  estimated  by  the  stopwatch.  A  blinded
bserver  outside  the  operating  theatre  during  nasogastric
nsertion  and  not  aware  of  the  group  allocation  confirmed
he  NGT  position  with  fluoroscopy  (OEC  Brivo  Plus  C-arm,
E  Healthcare,  India)  in  both  groups  (Fig.  2).  The  contrast
nd  brightness  of  the  image  were  set  at  80-peak  kilovoltage
kVp)  and  2-milliamperage  (mA)  in  the  C-arm,  respectively.
he  duration  of  insertion  was  calculated  in  cases  that  were
onfirmed  by  fluoroscopy  in  the  stomach.  If  the  NGT  was
ot  seen  by  fluoroscopy  in  the  stomach  using  the  chosen
echnique  at  the  first  attempt,  then  the  technique  was
onsidered  a  failure.  We  collected  data  for  the  confirma-

ion  rate  of  the  selected  technique  at  the  first  attempt,
uration  of  insertion  using  the  selected  technique,  and
omplications  during  insertion,  i.e.,  kinking,  knotting,  and
leeding.  The  primary  outcome  of  the  present  study  was  to

I
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i
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igure  2  Fluoroscopy  image  showing  correct  nasogastric  tube
osition  in  the  stomach.

onfirm  the  position  of  the  nasogastric  tube  in  the  stomach
n  both  groups.  The  secondary  outcomes  were  to  compare
he  duration  of  insertion  using  the  selected  technique  and
omplications  during  insertion,  i.e.,  kinking,  knotting,  and
leeding.

In  the  intervention  group  (Group  B),  if  the  bubbles
ppeared  at  the  proximal  end  of  NGT,  but  NGT  was  not  seen
y  fluoroscopy,  it  was  defined  as  false  positive.  If  the  bub-
les  were  not  formed  at  the  proximal  end,  but  NGT  was  seen
y  fluoroscopy,  it  was  defined  as  a  false  negative.

tatistical  analysis

or  the  calculation  of  sample  size,  we  first  carried  out  a
ilot  study  on  20  patients  which  showed  20%  improvement
f  confirmation  rate  from  60%  in  conventional  technique  to
0%  after  Bubble  procedure.  At  two-sided  effect  size  of  20%,

 95%  Confidence  Interval,  80%  power,  and  10%  contingency,
e  estimated  a  sample  size  of  101  in  each  group,  i.e.,  a  total
f  202  patients.  Data  collected  during  the  study  was  com-
iled  using  Microsoft  Excel  spreadsheet.  Continuous  data
ere  presented  as  mean  ±  SD  and  analyzed  using  unpaired

-test;  categorical  data  were  presented  as  frequency  and
ercentage  and  analyzed  by  Pearson’s  X2 test  or  Fisher’s
xact  test.  A  p  <  0.05  value  was  considered  statistically  sig-
ificant.

esults
n  the  present  study,  260  patients  were  assessed  for  eligibil-
ty.  Eleven  patients  were  excluded  from  the  study  (5  patients
id  not  meet  inclusion  criteria,  3  patients  decline  to  partic-
pate,  and  3  for  other  reasons).  Thus,  a  total  of  249  patients
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Figure  3  CONSO

F
C

w
1

t
n
p
d
t

C
v
C
fl
s
(
C
6

5
i
n
d
b
(

D

I
w
p
r
t
m
t
i
t

e
b
o
d
d
m
o
a
g
c
fl
i
C
a
f
b

o
t
t
i
n
b

igure  4  Figure  showing  the  confirmation  rate  of  Bubble  and
onventional  technique.

ere  randomized  into  2  groups:  125  patients  in  Group  B  and
24  patients  in  Group  C  (Fig.  3).

Both  groups  were  comparable  for  demographic  charac-
ers,  and  there  was  no  significant  difference.  There  was  also
o  significant  difference  noted  for  Mallampati  grade,  ASA
hysical  status  grading  between  both  groups.  There  was  no
ifficulty  during  insertion  of  the  nasogastric  tube  through
he  selected  nostril  in  both  the  groups.

The  confirmation  rate  of  bubble  technique  was  76.8  (95%
I:  68.7---83.3),  which  was  significantly  better  than  the  con-
entional  method  where  confirmation  rate  was  59.7%  (95%
I:  50.9---67.9),  p  <  0.001  (Fig.  4).  When  compared  to  the
uoroscopy,  the  bubble  technique  was  found  to  have  a  sen-
itivity  of  92.3%  (95%  CI:  85.6-96.1)  with  specificity  of  81.0%
95%  CI:  60.0-92.3),  positive  predictive  value  of  96.0%  (95%
I:  90.2---98.4)  and  a  moderate  negative  predictive  value  of
8.0%  (95%  CI:  48.4---82.8).

The  duration  of  nasogastric  tube  insertion  was
7.2  ±  13.3  seconds  in  Group  B  and  59.8  ±  11.9  seconds
n  Group  C,  Effect  size  (Cohen’s  d)  =  0.21,  which  was

ot  statistically  significant  (p  =  0.111).  There  was  also  no
ifference  for  complications,  i.e.,  kinking,  knotting,  and
leeding  for  nasogastric  tube  between  the  two  groups
Table  1).

t
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RT  diagram.

iscussion

n  the  present  study,  we  aimed  to  compare  Bubble  technique
ith  Conventional  technique  for  confirmation  of  correct  NGT
lacement  and  also  verified  its  position  with  direct  radiog-
aphy  intraoperatively.  According  to  the  results  of  our  study,
he  Bubble  technique  is  quite  sensitive  with  higher  confir-
ation  rate  to  detect  the  right  location  of  the  nasogastric

ube.  There  was  no  significant  difference  for  duration  of
nsertion  and  complications  for  nasogastric  tube  between
he  two  groups.

Although  this  technique  was  described  in  2011  by  Prasad
t  al.,10 it  was  not  investigated  in  the  literature.  We  found
ubble  technique  of  NGT  placement  simple  and  useful  with-
ut  any  major  adverse  effects.  This  technique  can  be  used
uring  intraoperative  period,  when  abdomen  is  under  the
rapes,  and  most  of  the  other  methods  are  not  imple-
entable.  When  placed  improperly,  NGT  can  cause  few

r  no  symptoms,  particularly  in  those  at  high  risks,  such
s  those  who  are  unconscious  or  intubated  or  who  lack  a
ag  or  swallowing  reflex.11 The  gold  standard  method  for
onfirming  the  correct  position  of  the  nasogastric  tube  is
uoroscopy  or  chest  radiography.  For  patients  experienc-

ng  difficult  anatomies  with  advanced  head  and  neck  cancer,
hen  et  al  found  that  fluoroscopic  guided  placing  of  NGT  is

 very  effective  procedure.12 We  used  the  bubble  technique
or  nasogastric  tube  placement  and  confirmed  its  position
y  fluoroscopy  in  patients  with  normal  neck  anatomy.

The  ‘‘Whoosh  test’’  is  traditionally  used  for  confirmation
f  NGT  position  in  routine  practice.13 Using  this  procedure,
he  air  is  insufflated  through  the  NGT  while  the  epigas-
rium  is  auscultated;  however,  the  efficacy  of  this  technique
s  highly  questionable.  Multiple  reports  of  its  ineffective-
ess  have  contributed  to  unintended  consequences.  The
ronchial  ‘‘rumbling’’  sound  can  be  mistaken  for  epigas-

rium  sound;  thus,  it  is  not  a  reliable  method.  In  a  study
arried  out  by  Metheny  et  al.,  the  analysis  of  NG  placement
as  found  to  be  correct  in  only  34.4%  of  cases  by  the  aus-
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Table  1  Comparison  between  Bubble  (B)  and  Control  (C)  Group.

Variables  Group  B  (n  =  125)  Group  C  (n  =  124)  p-value

Age  in  years  (Mean  ±  SD)  42.1  ±  13.4  40.9  ±  12.5  ---
Height (Mean  ±  SD)  160.6  ±  12.2  162.9  ±  10.6  ---
Weight (Mean  ±  SD)  70.8  ±  17.1  71.4  ±  17.0  ---
Sex, n  (%)  Female  54  (43.2%)  58  (46.8%)  ---

Male 71  (56.8%)  66  (53.2%)
ASA physical  status,  n  (%)  1  71  (56.8%)  74  (59.7%)  ---

2 54  (43.2%)  50  (40.3%)
Mallampatti  grade,  n  (%) 1  72  (57.6%)  72  (58.1%)  ---

2 53  (42.4%) 52  (41.9%)
Duration of  nasogastric  tube  insertion  (s) 57.2  ±  13.3 59.8  ±11.9 0.111
Kinking, n  (%) No  121  (96.8%) 113  (91.1%) 0.060

Yes 4  (3.2%)  11  (8.9%)
Knotting, n  (%)  No  118  (96.8%)  115  (90.3%)  0.067

Yes 7  (3.2%)  9  (9.7%)
Bleeding, n  (%)  No  123  (98.4%)  117  (94.4%)  0.102

Yes 2  (1.6%)  7  (5.6%)
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p < 0.05 is considered significant; ASA, American Society of Anesth

ultation  method.14 Similarly,  Seguin  et  al.15 found  higher
ensitivity  (96%)  but  lower  specificity  (17%)  of  the  insuf-
ation  and  auscultation  method  for  confirmation  of  NGT
osition.  Therefore,  we  did  not  use  this  method  to  verify
asogastric  tube  placement  in  the  present  study.  In  com-
arison  to  air  insufflation  method,  the  confirmation  rate  of
ubble  technique  used  in  this  study  was  higher  (76.8%).

Another  option  to  confirm  the  correct  position  of  the
asogastric  tube  is  ultrasound.  Yıldırım  et  al  studied  the
eck  and  subxiphoid  ultrasound  in  49  patients  in  compar-
son  with  chest  radiography  for  verification  of  nasogastric
ube  location.4 They  found  the  sensitivity  of  neck  ultrasound
1.5%  and  positive  predictive  value  100%.  The  subxiphoid
ltrasound  sensitivity  was  78.72%.  They  suggested  that  ultra-
ound  of  neck  and  subxiphoid  could  be  used  to  verify
he  location  of  the  nasogastric  tube.  Similar  to  this,  we
ound  the  sensitivity  of  Bubble  technique  92.3%  and  posi-
ive  predictive  value  of  96.0%.  However,  abdominal  and  neck
ltrasonography  requires  expertise  in  confirming  the  NGT
osition  and  is  not  always  available  in  the  operating  theatre.

Muslu  et  al.  assessed  pH  meter  for  NGT  location  valida-
ion.  They  took  a  pH  between  1  and  5  for  the  tip  position
f  the  NGT  in  the  stomach.  They  found  the  specificity  for
he  pH  meter  was  100%  (95%  CI  16.6---100%),  while  the  sen-
itivity  76.5%  (95%  CI  58.8---89.2%).16 Seguin  et  al.  found  the
ensitivity  of  pH  measurement  of  gastric  fluid  49%  and  speci-
city  74%  for  NGT  position.15 We  found  higher  sensitivity  and
pecificity  than  pH  measurement  by  Bubble  technique,  but
H  measurement  is  not  practical  inside  operation  theatre  as
ometimes  there  is  no  aspiration  of  gastric  fluid  in  the  NGT.

Chen  et  al.  investigated  the  use  of  manometer  pres-
ure  readings  to  guide  the  movement  of  NGT  in  40  adult
echanically  ventilated  patients  and  compared  them  with

he  traditional  blind  insertion  technique.17 They  confirmed
he  NGT  location  by  using  a  fiberscope.  They  noticed  that  the

GT  insertion  was  effective  at  the  first  attempt  more  often

n  the  manometry-guided  group  than  in  the  blind  insertion
roup  (100%  vs.  70%;  p  =  0.02).17 In  our  study,  we  also  found

 similar  result  that  confirmation  rate  of  bubble  technique

62
ogists; n, number of patients.

as  significantly  higher  than  the  conventional  group  (76.8%
s.  59.7%,  p  <  0.001).

Bercik  et  al.18 have  tested  whether  a  magnet  tracking
ystem  can  reliably  assess  the  position  of  the  NGT  in  22
atients.  An  external  sensor  array,  connected  to  the  com-
uter,  monitored  the  location  of  a  small  permanent  magnet
t  the  end  of  an  NGT.  They  found  NGT  position  precision
00%  by  magnet  tracking  compared  to  fluoroscopy.  While  this
echnique  is  more  accurate  than  the  bubble  technique  but
ore  expensive,  requires  extensive  training  for  users  and  is

ot  practical  for  anesthetized  patients  inside  the  operation
heatre.

The  limitation  of  the  present  study  was  that  we  only  stud-
ed  patients  under  anesthesia  and  did  not  include  awake
atients  requiring  NGT  placement  in  the  ward.

onclusion

he  bubble  technique  of  nasogastric  tube  placement  in  anes-
hetized  patients  is  a  simple  method  which  has  a  higher
onfirmation  rate  for  correct  NGT  placement  in  comparison
o  the  conventional  technique.
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TaggedH1Therapeutic ultrasound ameliorates hyperalgesia and
edema on CFA-induced persistent inflammatory
response in mice TaggedEnd
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TaggedPAbstract
Background: The present study investigated the effects of pulsed and continuous ultrasound
(USP and USC) in edema and hyperalgesia after chronic inflammatory process induced by Com-
plete Freund’s Adjuvant-CFA and analyzing the relationship of the application frequency of ultra-
sound, in pro- and anti-inflammatory cytokine production.
Methods: Forty-five animals were divided into 9 groups; all animals from groups 2 to 9 were sub-
jected to a persistent inflammation model induced by CFA in mice. We report the effects and the
underlying action mechanisms of USP and USC in the animals which were irradiated two, three or
five times a week on the left hind paw. The analyses performed in this study were: evaluation of
hind paw edema through the plethysmometer, evaluation of thermal hyperalgesia through with-
drawal test using a water container at 44.5°C (§ 0.5°C), and the plantar region of the left paw
which was removed for analysis of cytokines.
Results: Our results showed that USP and USC consistently reduced paw edema, and pulsed
ultrasound showed a higher significant effect than the continuous mode. Moreover, groups
with irradiation frequency of five times a week presented an inhibition of the edema, and
groups with frequency of three or two times a week reduced mainly hyperalgesia, in com-
parison with the control group. The beneficial effects of the US then seem to be associated
TaggedEndTAGGEDPKEYWORDS
Inflammatory
mediators;
Edema;
Ultrasonic therapy;
Pain management;
Rehabilitation;
Electrophysical
agents TaggedEnd
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TaggedEndTaggedPwith upregulation of anti- and pro-inflammatory mediators, such as IL-10 and IL-6,
respectively.
Conclusion: This study provided evidence that ultrasound constitutes an important non-pharma-
cological intervention for the management of inflammatory and pain states.
© 2022 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPThe inflammatory process involves a complex cascade of bio-
chemical and cellular events, which are started by innate
immune response.1 Clinically, five cardinal signs character-
ize inflammation: redness, increased heat, swelling, pain,
and loss of function.2 It consists in the exudate overflow to
the interstitial medium and generates edema. Although
edema formation is a common response after injury, it may
be detrimental to the resolution of the clinical condition,
since it can aggravate the inflammatory process, worsening
the functionality and leading to pain-spasm-pain.3 When the
resulting pain evolves into the chronic state, it becomes a
public health problem, inducing morbidity and temporary or
permanent incapacity, which represents high costs to the
health system.4,5 TaggedEnd

TaggedPThere are different stimuli to induce the inflammatory
process in the mice’s paw, such as the Complete Freund’s
Adjuvant (CFA), which acts as an irritative agent.6,7 This
inflammatory response induces edema, increase of tissue
volume, and consequent hypersensitivity to thermal and
mechanical stimuli,6-8 which is due to changes on the
production of peripheral inflammatory mediators,
thereby facilitating prolonged depolarization of the neu-
ronal membrane and exacerbating hyperalgesia or
allodynia.9 TaggedEnd

TaggedPBesides drug therapy, therapeutic ultrasound action in
inflammatory treatment has been investigated by different
studies, which include the use of US and other resources for
inflammatory response control and consequent inhibition of
edema and pain.10 Some evidence indicates that US treat-
ment increases synthesis and improves the aggregation and
alignment of collagen fibers, besides inducing stimulation of
proliferation tissue and, consequently, onset of the repair
process.11,12 Some authors suggest that US has a pro-inflam-
matory action, since it accelerates the inflammatory
response in the process of lesion repair and promotes the
release of histamine, which increases venous and lymphatic
return, facilitating edema absorption.13-15 TaggedEnd

TaggedPPrevious studies have investigated electrophysical agents
action on the acute and chronic inflammatory
process.10,13,15 Therapeutic ultrasound is widely used for
clinical treatments. However, in general, few use US in pre-
clinical research, and few authors associate therapeutic
ultrasound with a model of persistent inflammation induced
by the application of CFA. Thus, the present study investi-
gated the effect of the pulsed or continuous beam regimen
of therapeutic ultrasound and demonstrated a comparison
of different application frequencies (two, tree or five days
for week), during persistent inflammatory process induced
by CFA in mice. TaggedEnd
627
TaggedH1Methods TaggedEnd

TaggedH2Ethical aspects TaggedEnd

TaggedPAll protocols and procedures used in this study were
approved by the Federal University of Santa Catarina, Ethics
Committee of Animal Experimentation (CEUA/UFSC, proto-
col number PP00956). The ARRIVE checklist was used.16 TaggedEnd
TaggedH2Experimental procedure TaggedEnd

TaggedPForty-five 1−2 months old male Swiss mice (30−40 g) were
obtained from the Universidade Federal de Santa Catarina
(UFSC), Campus Florian�opolis, and kept in the Ararangu�a
center (BIO-ARA/UFSC). Each experimental group com-
prised five animals kept in isolated cages with ventilation,
temperature control (22°§2°C) and humidity control (60
−80%), in a light-dark cycle of 12 hours, with free access to
water and food. The behavioral experiments were per-
formed at the Laboratory of Autoimmunity and Immuno-
pharmacology (LAIF) between 7 a.m. and 11 a.m. The
animals were kept in the laboratory for acclimatization for
at least 30 minutes prior to the evaluation. All efforts were
made to minimize animal suffering and to reduce the num-
ber of animals used. TaggedEnd
TaggedH2Experimental groups TaggedEnd

TaggedPSample calculation was performed using the G*Power soft-
ware, version 3.1.17 Analyses included F tests, ANOVA with
repeated measures, and intra and intergroup interaction,
with effect size F = 0.25, significance level a = 0.05, and
power (1-b) 0.95. All experiments were divided into two
independent experiments, the first with 27 animals divided
into 9 groups and after a week the second experiment with
18 animals divided into 9 groups, totalling 45 evaluated ani-
mals. The animals were randomly separated into the groups
(n = 5 animals/group) G1: Naïve (Saline Injection); G2:
Sham; G3: Placebo; G4: US Continuous − 5 £ week; G5: US
Continuous − 3 £ week; G6: US Continuous − 2 £ week; G7:
US Pulsed − 5 £ week; G8: US Pulsed − 3 £ week; G9: US
Pulsed − 2 £ week. TaggedEnd

TaggedPIn group 1 (naive), saline was injected into the animals’
left hind paws. The animals of groups 2 (Sham, was submit-
ted only to CFA injection and not to Ultrasound) to 9 were
induced to the chronic inflammatory process in the left hind
paw through CFA injection as described below. Groups 3 to 9
were subjected to ultrasound application. The evaluation
procedures were performed by blind evaluator.TaggedEnd
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TaggedEndM. Rodrigues, R.I. Barbosa, L.M. Neves et al.
TaggedH2Edema induction TaggedEnd

TaggedPAccording to Dutra et al.,18 the following substance was used
for induction of the persistent inflammatory process, 30 mL
of CFA (1 mg.mL�1 Mycobacterium tuberculosis in 85% paraf-
fin oil and 15% mannide monooleate from Sigma Chemical
Co., St. Louis, MO, USA) which was injected into the ani-
mals’ subcutaneous plantar surface in the left
hindpaw.14,15,19TaggedEnd

TaggedH2Therapeutic ultrasound TaggedEnd

TaggedPThe therapeutic ultrasound device produced by the
Ibramed� Brazilian Industry of medical equipment (Amparo,
S~ao Paulo/Brasil) was applied to the mice’s left hind paw fol-
lowing the US continuous parameters (Frequency: 1 MHz;
ERA: 1 cm2; Duty cycle: 100%; Intensity: 0.4 W.cm�2; BNR:
8:1; Time: 3 min) and US Pulsed (Frequency: 1 MHz; ERA: 1
cm2; Duty cycle: 20%; Pulse frequency: 100 Hz; Intensity:
2 W.cm�2; SATA: 0.4 W.cm�2; BNR: 8:1; Time: 3 min).20-23

Both pulsed and continuous US groups were submitted to the
underwater technique in the plantar region of the left hind
paw, with a distance of 0.5 to 1.0 cm between the paw and
the US transducer. The placebo group received an applica-
tion simulation with the equipment switched off. US applica-
tion was initiated one hour after CFA administration and
weekly, according to each group frequency, for up to 4
weeks. TaggedEnd

TaggedH2Edema evaluation TaggedEnd

TaggedPPaw edema was evaluated by a plethysmometer (Model
7150, Ugo Basile, Varese, Italy). The samples were collected
at 1, 2, 3, 4, 5, 6, 7, 8, 24 and 48 hours, and continued daily
for up to 4 weeks after the edema induction. Data was
expressed by the volume displaced in milliliters (mL),24 and
the analyses were performed by the difference of times
evaluated with the first baseline assessment, so the smaller
the delta, the smaller edema in the animals’ paws. TaggedEnd

TaggedH2Thermal hyperalgesia evaluation TaggedEnd

TaggedPThermal hyperalgesia was performed through a withdrawal
test using a water container at 44.5°C (§0.5°C). After
immersing the animal’s foot in the heated bath, the with-
drawal time was measured in seconds, with the maximum
set time of the animal’s foot immersion of 30-second cut-off
to avoid tissue injury. The samples were collected at the
same time as the edema measurement, as described
above.24TaggedEnd

TaggedH2Cytokine evaluation TaggedEnd

TaggedPAfter 28 days of the CFA injection, animals were submitted
to the last analysis and later submitted to euthanasia by
anesthetic overdose. The levels of cytokines in the plantar
tissue of CFA-injected mice were determined according to
the following protocol: The subcutaneous paw tissue was
removed from each mouse, and homogenized in a phosphate
buffer solution containing 0.05% Tween 20, 0.1 mM PMSF,
0.1 mM benzethonium chloride, 10 mM EDTA, and 20 UI apro-
tinin A. The homogenate was centrifuged at 3000 £ g for
628
TaggedEndTaggedP10 min, and supernatants were stored at -20°C until further
analysis. IL-10 and IL-6 levels were evaluated using ELISA
kits (Organon-Teknika, Roseland, NJ, USA), according to the
manufacturer’s recommendations.24 TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPStatistical analyses were performed using GraphPad Prism
6.0 software. Before each analysis, the normality in data dis-
tribution was verified by the Shapiro-Wilk test. After the
normality test, a two-way Analysis of Variance (ANOVA) was
performed to evaluate edema and thermal hyperalgesia,
and a one-way ANOVA was performed to evaluate cytokines
IL6 and IL10. The significance coefficient was p < 0.05, and
the post-hoc Bonferroni test was performed after the
ANOVAs. Pearson’s test was used for data correlation. TaggedEnd
TaggedH1Results TaggedEnd

TaggedPThe chronic inflammatory response was induced in the ani-
mals’ left hind paws from groups 2 to 9 after a CFA injection.
The evaluation of the animals was through the measurement
of edema and thermal hyperalgesia. The results are shown
in figures, mainly the analyses performed on the 7th, 14th,
21st, and 28th days. TaggedEnd

TaggedH2Continuous and Pulsed Therapeutic ultrasound in
the edema TaggedEnd

TaggedPThere was no difference among groups considering the base-
line analysis. After inducting the inflammatory process,
edema formation was observed in all groups. We emphasize
that the sham and placebo groups kept the same edema
behaviour (p < 0.05) compared to the naive group in all
assessments. Experimental groups with continuous thera-
peutic ultrasound presented significant differences (p <
0.05). On the 14th day, the placebo group presented a signifi-
cant increase in edema compared to groups 2 (Sham) and 5
(CFA+USC, three times a week). On the 21st day, group 4
(CFA+USC, five times a week) significantly decreased edema
volume compared to the placebo group. Finally, on the 28th

day, group 2 showed higher edemas than groups 4 and 6 (CFA
+USC, two times a week) (Fig. 1).TaggedEnd

TaggedPA significant improvement was found (p < 0.05) on the
7th day, for group 7 (CFA+USP, five times a week), compared
to group 9 (CFA+USP, two times a week) (Fig. 2). On the 14th

day, groups 2 and 7 showed a significant improvement com-
pared to the placebo group. Finally, on the 28th day, group 2
presented significant differences from groups 8 (CFA+USP,
three times a week) and 9. TaggedEnd

TaggedH2Continuous and pulsed therapeutic ultrasound
inhibited hyperalgesiaTaggedEnd

TaggedPAs previously described, CFA injection in mice’s paws
induced persistent pain and hyperalgesia.18 Next, we evalu-
ated whether US reduces hyperalgesia through a withdrawal
test. Significant differences (p < 0.05) were found on the 7th

day for group 4, which achieved a significant increase in
withdrawal time when compared to the placebo group, and
for group 6, which inhibited hyperalgesia when compared to



TaggedFigure

Figure 1 Data referring to the delta of the hindpaw edema volume of the animals submitted to treatment with continuous Terapeu-
tic Ultrasound and naive, Sham and placebo groups at different evaluation times. (USC, Continuous Ultrasound; 5 £, Five times a
week; 3 £, Three times a week and 2 £, Twice a week). A, The evaluation times were (t) 9, Related to 24 h after induction; (t) 10,
Referring to 48 h after induction; (t) 11, Equivalent to the 7th day; (t) 12, Equivalent to the 14th day; (t) 13, Equivalent to the 21st
day; and (t) 14, Equivalent to the 28th day. B, Referring to the 7th day (# statistical difference Naïve with all groups [p < 0.05]). C,
14th day (# statistical difference Naïve with all groups [p < 0.05] and * statistical difference between placebo with sham groups [p <
0.05]). D, 21st day (# statistical difference Naïve with all groups [p < 0.05]). E, 28th day (# statistical difference Sham with G1, G4
and G6 groups [p < 0.05] and * statistical difference between naive with all groups [p < 0.05]). TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 626−634
TaggedEndTaggedPplacebo, 2 and 5 groups (Fig. 3). Also, group 2 showed differ-
ent values concerning groups 1 (naive) and 9, whereas the
placebo group presented an increase in hyperalgesia com-
pared to all but the Sham group. TaggedEnd

TaggedPOn the 14th day, group 9 showed significant (p < 0.05)
improvement in hyperalgesia compared to groups Sham and
TaggedFigure

Figure 2 Data related to the delta of the hindpaw edema volume o
Sham and placebo groups at the different evaluation times. (USP, P
week and 2£, Twice a week). A, The evaluation times were (t) 9, Rel
tion; (t) 11, equivalent to the 7th day; (t) 12, equivalent to the 14th
the 28th day. B, Referring to the 7th day (# statistical difference Na
G9 groups [p < 0.05]). C, 14th day (# statistical difference Naïve w
with placebo and G9 groups [p < 0.05], ** statistical difference G7
with placebo groups [p < 0.05]). D, 21st day (# statistical difference
ence between naive with all groups [p < 0.05] and * statistical differe
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TaggedEndTaggedPseven (Fig. 4). Moreover, group 8 showed improvement of
hyperalgesia compared to the Sham group. On the 21st day,
the naive group showed significant differences to placebo,
Sham and group 9. Finally, there was a significant decrease
in hyperalgesia in group 7 compared to Sham and placebo
groups. TaggedEnd
f the animals submitted to treatment with US pulsed and naive,
ulsed Ultrasound; 5 £, Five times a week; 3 £, Three times a
ated to 24 h after induction; (t) 10, Referring to 48 h after induc-
day; (t) 13, equivalent to the 21st day; and (t) 14, equivalent to
ïve with all groups [p < 0.05] and *statistical difference G7 with
ith all groups [p < 0.05], * statistical difference between sham
with placebo groups [p < 0.05] and ## statistical difference G8
Naïve with all groups [p < 0.05]). E, 28th day (# statistical differ-
nce Sham with G7, G8 and G9 groups [p < 0.05]). TaggedEnd



TaggedFigure

Figure 3 Data referring to the withdrawal time of the animals hindpaw of the groups submitted to the treatment with continuous
US and in naïve, Sham and placebo groups at the different evaluation times. USC, Continuous Ultrasound; 5 £, Five times a week; 3
£, Three times a week an; 2 £, Twice a week). A, The evaluation times were (t) 9, related to 24 h after induction; (t) 10, referring to
48 h after induction; (t) 11, equivalent to the 7th day; (t) 12, equivalent to the 14th day; (t) 13, equivalent to the 21st day; and (t)
14, equivalent to the 28th day. B, Referring to the 7th day (# statistical difference Naïve with all groups [p < 0.05] exept G6 group, *
statistical difference G4 with G3 groups [p < 0.05] and ** statistical difference G6 with G3 and G5 groups [p < 0.05]). C, 14th day (*
statistical difference Naïve with all groups [p < 0.05]). D, 21st day (* statistical difference Naïve with all groups [p < 0.05]). E, 28th
day (* statistical difference between naive with all groups [p < 0.05]). TaggedEnd

TaggedEndM. Rodrigues, R.I. Barbosa, L.M. Neves et al.
TaggedPThere was no difference between the groups submitted
to the pulsed and continuous therapeutic ultrasound during
the analyses among the groups submitted to the two types
of US. In the thermal hyperalgesia analysis, the groups sub-
mitted to pulsed therapeutic ultrasound showed better

TaggedFigure

Figure 4 Data regarding the withdrawal time of the animals hindp
in naïve, Sham and placebo groups at the different evaluation time
times a week an; 2 £, Twice a week). A, The evaluation times were (t
induction; (t) 11, equivalent to the 7th day; (t) 12, equivalent to the
lent to the 28th day. B, Referring to the 7th day (# statistical differe
ference sham group with G1, G7, G8 and G9 groups [p < 0.05]). C,
groups [p < 0.05], # statistical difference G9 with G2, G3, G7 and G8
G2 and G7 groups [p < 0.05]). D, 21st day (* statistical difference Naï
between G7 with G2 and G3 groups [p < 0.05]). E, 28th day (* statisti

630
TaggedEndTaggedPresults. However, there was a statistical difference (p <
0.05) when comparing group 9 (USP 3 £ per week) with
group 5 (USC 2£ per week). The analysis of thermal hyperal-
gesia has a cut-off point of 33 seconds, for the animals that
stayed the 33 seconds it was considered 100%, thus
aw of the groups submitted to the treatment with US pulsed and
s. USP, Pulsed Ultrasound; 5 £, Five times a week; 3 £; Three
) 9, related to 24 h after induction; (t) 10, referring to 48 h after
14th day; (t) 13, equivalent to the 21st day; and (t) 14, equiva-

nce placebo group with all groups [p < 0.05] and * statistical dif-
14th day (* statistical difference Naïve with G2, G3, G7 and G8
groups [p < 0.05] and ## statistical difference between G8 with
ve with all groups [p < 0.05] axept G7 and # statistical difference
cal difference Naive with G2 and G3 groups [p < 0.05]). TaggedEnd



TaggedFigure

Figure 5 Data referring to 28 days after start of the experimentation. A, IL-6 levels in the tissue sample of the respective groups
submitted to intra-plantar injection of CFA: Sham, US placebo, US continuous 5, 3, and 2 times a week and the US pulsed 5, 3, and
2 times a week (p < 0.001). B, IL-10 levels in the tissue sample of the respective groups submitted to intra-plantar injection of CFA:
Sham, US placebo, US continuous 5, 3 and 2 times a week, and US pulsed 5, 3 and 2 times a week (p < 0.001). TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 626−634
TaggedEndTaggedPfacilitating the comparison between the groups. In the last
two assessments of thermal hyperalgesia, the placebo group
withdrew the paw earlier (shorter time) when compared to
the other groups. There was a statistical difference (p <
0.05) when compared to naive and 7 (USP 5 £ per week)
groups. TaggedEnd
TaggedH2Continuous and pulsed therapeutic ultrasound
effects on the release of cytokines in the
inflammatory process induced by CFA TaggedEnd

TaggedPIncluding cytokine secretion, both IL-6 and IL-10 can be
involved in inflammation.19 We evaluated whether the US
attenuated the production of pro-inflammatory cytokines
and increased the production of anti-inflammatory cyto-
kines. The Sham group increased IL-10 levels compared to
groups 5, 6 and 8 (p < 0.05). Group 4 showed a difference to
groups 5, 6, 8 and 9 (p < 0.05). Finally, group 7 showed a sig-
nificant increase of IL-10 (Fig. 5A) and significant differences
regarding the number of IL-6 levels (Fig. 5B) when compared
to all other groups (p < 0.001). TaggedEnd
TaggedEnd Table 1 Demonstrates the correlation between the variables Th
and IL-10. The analysis was performed by Pearson’s test.

Groups Hyperalgesia £ IL-6 Hyperal

G1: Naive �0.20 0.07
G2: Sham �0.81 �0.99
G3: Placebo �0.67 �0.86
G4: USC ‒ 5 £ week �0.34 �0.45
G5: USC − 3 £ week �0.37 0.82
G6: USC − 2 £ week �0.81 0.83
G7: USP − 5 £ week �0.73 0.71
G8: USP − 3 £ week �0.26 0.58
G9: USP − 2 £ week 0.40 �0.61
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TaggedH2Correlation of the continuous and pulsed
therapeutic ultrasound effects on the release of
cytokines, Edema and Thermal hyperalgesia in the
inflammatory process induced by CFATaggedEnd

TaggedPTable 1 demonstrates all correlations between the variables
Thermal hyperalgesia and Edema compared to cytokines IL-6
and IL-10, the analysis was performed by Pearson’s test, and
the data referring to the 28th day of the experiment was
used for evaluation. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPThis study aimed to investigate the effects of pulsed and
continuous US in edema and hyperalgesia after the chronic
inflammatory process induced by CFA, besides analyzing the
relationship of the US application frequency and pro and
anti-inflammatory cytokine production. There is a paucity of
research evaluating the influence of the US on pain and
chronic edema in animals. In order to discuss the present
data, we used articles that evaluated acute pain and edema.TaggedEnd
ermal hyperalgesia and Edema compared to the cytokines IL-6

gesia £ IL-10 Oedema £ IL-6 Oedema £ IL-10

�0.21 0.72
�0.66 �0.01
�0.42 �0.50
0.54 0.86

�0.81 0.53
0.68 �0.79
0.30 �0.65

�0.01 0.32
�0.92 0.94



TaggedEndM. Rodrigues, R.I. Barbosa, L.M. Neves et al.
TaggedPIn the study conducted by Bertolini et al.,20 the authors
used the same parameters used in this study, considering the
intensity of 0.4 W.cm�2 and a five-day treatment frequency.
The authors observed that US treatment decreases the pain
and acute edema in animals with calcaneus tendon injuries.
The early effect of the pulsed ultrasound was observed, cor-
roborating our findings that the USP minimized the animals’
hyperalgesia and chronic edema. Bertolini et al.10 used a
0.5 W.cm�2 intensity in the continuous and pulsed regime
and observed that the US inhibited the progression of acute
edema in mice’s paw but did not diminish the already
installed edema. In the present study, the groups submitted
to a frequency of two and three times a week of continuous
or pulsed US application inhibited chronic edema in animals
but did not decrease edema already installed in the mice’s
paws. However, we found significant differences between
groups 1, 2, and 3. We found that the groups treated five
times a week were effective in minimizing edema. TaggedEnd

TaggedPThis study observed the influence of the therapeutic
ultrasound week application frequency and other parame-
ters, such as the pulse regime.19 The groups did not present
a uniform behavior compared to the frequency and the US
pulse regime. These results can be explained considering
that the response dose of therapeutic US can be influenced
by the time of application.25 Spped in 2001 described the
thermal and non-thermal activity of the therapeutic ultra-
sound and observed the pulse regime employed. The author
described the US thermal effects in continuous pulses, such
as tissue extensibility improvement, flow blood increase,
and pain modulation. In non-thermal effects in a pulsed
regime, the author described the action mechanism across
the cavitation and the acoustic microstreaming, stimulating
protein synthesis and increasing blood flow and tissue regen-
eration. TaggedEnd

TaggedH2Continuous and Pulsed Therapeutic ultrasound in
edema and thermal hyperalgesia TaggedEnd

TaggedPChung et al.26 evaluated the anti-inflammatory effects of
low-intensity USC on CFA-induced arthritis. The US applica-
tion occurred for 10 minutes in 5 days. They observed a sig-
nificant decrease of edema in the group treated with US,
compared to the control group, to which only the CFA appli-
cation was performed. Maiti and Kumar27 used a tendon
injury model and demonstrated that USP, at an intensity of
1 W.cm�2, influenced the inflammatory edema resolution
and hyperalgesia. These studies corroborate our findings
since we obtained an improvement of hyperalgesia and
edema in the evaluated animals. TaggedEnd

TaggedPIn the present study, pulsed ultrasound obtained better
results for thermal hyperalgesia, corroborating the research
by Coradini et al.28 who compared photobiomodulation and
ultrasound in formalin-induced acute knee pain in Wistar
rats, both studies used the same ultrasound parameters.
The authors concluded that both therapeutic modalities
showed antinociceptive effects, although ultrasound was
superior to photobiomodulation by laser. In the present
study of the continuous and pulsed US obtained an improve-
ment in hyperalgesia. TaggedEnd

TaggedPTascioglu et al.29 evaluated continuous (1 MHz, 2 W.cm�2,
5 minutes) and pulsed (2 W.cm�2, 20% cycle) 10-session US
patients with knee osteoarthritis. They observed that only
632
TaggedEndTaggedPthe pulsed group achieved significant improvements in pain
and the WOMAC index. Their results corroborate our find-
ings, considering that pulsed US significantly improved
hyperalgesia, especially in groups 8 (CFA+USP, three times a
week) and 9 (CFA+USP, twice a week). TaggedEnd

TaggedPMost of the studies cited above demonstrated anti-
inflammatory results, but US also has pro-inflammatory
effects. Bertolini et al.20 reported that in periods prior to
24 hours, therapeutic US promoted edema increases, which
probably occurred due to pro-inflammatory action. We also
observed an increase prior to the decrease of edema and
consequent resolution of hyperalgesia. When comparing the
placebo group with the other groups, we can see that it was
better compared to the Sham group in edema and thermal
hyperalgesia analyses. TaggedEnd

TaggedPMaximo et al.30,25 observed that continuous US (intensity
of 0.2 W.cm�2) did not improve hyperalgesia and chronic
edema, but when associated with drugs, such as indometha-
cin, a decrease in the edema of rats with arthritis was
noticed. However, we found that the therapeutic US in isola-
tion was effective in resolving hyperalgesia and edema. TaggedEnd

TaggedH2Continuous and pulsed therapeutic ultrasound
effects on the release of cytokines in the
inflammatory process induced by CFATaggedEnd

TaggedPIL-6 and anti-inflammatory cytokines (IL-10), present in the
animals’ left hind paw tissue, was evaluated by the ELISA
method and presented a significant increase in group 7 con-
centration (CFA+USP, five times a week). In the USP five
times a week group, we observed that the increase in the
pro-inflammatory cytokines IL-6 may have caused a propor-
tional increase in anti-inflammatory cytokine IL-10. This
same pattern was described in the study by Van Miert31

which presented the hypothesis that a proportional eleva-
tion of interleukins 6 and 0 may occur if both have a
counter-regulatory effect, and an improvement in pain and
edema in the USP five times a week group was observed as
consequence. Also, Wei et al.32 observed an increase of IL-6
at the fourth week after the neuropathic pain induction.
These studies may explain the present study outcomes,
where the therapeutic US can stimulate inflammation while
inhibiting it at any given time. TaggedEnd

TaggedPAccording to the study by Tanaka et al.,33 the excessive
production of IL-6 cytokine may be linked to autoimmune
disease or other pathological mechanisms, but the authors
report that the excessive and persistent production of IL-6 is
still not clear. Thus, the present study presents a model of a
chronic inflammatory process, and in group 7 we observed
an increase in IL-6, and since the animals did not present sig-
nificant edema or pain in the last evaluation of the experi-
ment, we deduced that the experimental model may have
influenced the excessive production of IL-6, however it was
observed only in group 7.34 TaggedEnd

TaggedPLin et al.35 also reported that IL-6 is one of the earliest
and important mediators of protein synthesis induction and
control and is released during the acute phase of injuries
and infections. After injury, plasma IL-6 concentration has
its peak between 4 and 6 hours and may persist for ten days.
However, it also exerts anti-inflammatory properties during
injury by releasing soluble TNF and IL-10. Therefore, an
important finding in our report also corroborates another



TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 626−634
TaggedEndTaggedPstudy describing the pleiotropic effects of IL-6 and IL-10 in
detail and cytokines cross-regulation.34TaggedEnd
TaggedH2Correlation of the continuous and pulsed
therapeutic ultrasound effects on the release of
cytokines, Edema and Thermal hyperalgesia in the
inflammatory process induced by CFA TaggedEnd

TaggedPWhen performing the correlation of the data of the present
study, different results can be observed when compared to
pain, edema and the cytokines IL-10 and IL-6. In group 7, for
example, we observed a moderate inverse correlation of IL-
10 with edema (-0.65) and a weak correlation of IL-6 with
edema (0.30). Regarding pain, we observed a moderate cor-
relation of IL-10 with pain (0.71) and a moderate inverse
correlation of IL-6 with pain (-0.73). Table 1 demonstrates
all the correlations among the various edema and pain varia-
bles compared to cytokines IL-6 and IL-10. TaggedEnd

TaggedPThe present study used an experimental model of CFA-
induced chronic pain/inflammation. The study by Hung
et al.36 describes the use of therapeutic US and treadmill
exercise in a model of neuropathic pain in animals treated
for 28 days with IL-10 which obtained a behavior similar to
the present study with self values. The authors report that
this behavior may be due to a possible lasting symptom of
neuropathic pain. According to Ruohonen et al.,37 neuro-
pathic (chronic) pain may present a cyclic pattern of pro and
anti-inflammatory cytokine release. Considering the cyclic
pattern of pro- and anti-inflammatory cytokines,37 the data
observed in group 7 (pulsed US 5 £ per week) with a tissue
sample collected on the 28th day showed expressive values
of IL-6 and IL-10, therefore, we can deduce that IL-10 values
may be compensatory when increasing IL-6. Oliveira et al.38

showed that IL-10 has an inhibitory function in relation to
proinflammatory cytokines. In this sense, this compensatory
increase shows the moderate and strong correlation of IL-10
with hyperalgesia. TaggedEnd

TaggedPIn general, when observing the data on the 28th day, the
groups submitted to continuous US 2 and 5 times a week
obtained better results with less edema and better results in
thermal hyperalgesia, however, there was no statistical dif-
ference between the groups. Regarding the groups submit-
ted to pulsed US, there was little difference in the data
presented with the group of 3 times a week with slightly bet-
ter results than the other groups, however, there was no sta-
tistical difference between them.TaggedEnd

TaggedPThe present research sought to approach this electro-
physical agent by observing the clinical routine to the fre-
quency of weekly applications and the employed pulse
regime. In this context, we present some limitations such as
1) The lack of histological evaluation with cell type analysis
and counting, which could enrich the discussion about the
pro and anti-inflammatory substances, to understand their
increases in group number seven; 2) Cytokines analysis at
different times; 3) Pro-inflammatory and anti-inflammatory
analysis of different cytokines. In future studies that use an
experimental model of chronic inflammation with CFA, we
suggest enhancing the time of intervention and the perfor-
mance of histological analysis and evaluation of inflamma-
tory cells. TaggedEnd
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TaggedH1Conclusion TaggedEnd

TaggedPConsidering our sample, we concluded that continuous and
pulsed US influenced the reduction of edema, hyperalgesia
and the release of IL-6 and IL-10 induced by CFA. Although
two emission regimes used for the resource application
showed positive effects, USP had more significant effects on
these two analyzed variables. We observed that the groups’
behaviour was not uniform considering the application anal-
ysis frequency since the groups irradiated five times a week
were more effective considering the animals’ edema reduc-
tion. When assessing hyperalgesia, the frequencies of three
and two times a week were more effective in its inhibition.
As for cytokine analyses, a significant increase of IL-10 was
found in the Sham, 4 and 7 groups, whereas in IL-6, it was
only found in group 7. TaggedEnd

TaggedPThe present study indicates that US application decreases
clinical signs of inflammation, such as edema and hyperalge-
sia. Therefore, the US may be a promising non-pharmacolog-
ical therapy for inflammatory treatment. Also, we indicate
the best resource application frequency, which will aid in
treatment protocols. TaggedEnd
TaggedH1Ethical approval TaggedEnd

TaggedPThis study was approved by the Ethics Committee of Animal
Experimentation of the Universidade Federal de Santa Cata-
rina (CEUA/UFSC, protocol number PP00956). TaggedEnd
TaggedH1Funding TaggedEnd
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Abstract
Background:  Postoperative  nausea  and  vomiting  (PONV)  are  major  complications  after  general
anesthesia.  Although  various  pathways  are  involved  in  triggering  PONV,  hypotension  plays  an
important  role.  We  hypothesized  that  intraoperative  hypotension  during  general  anesthesia
might be  responsible  for  the  incidence  of  PONV.
Methods:  We  retrospectively  investigated  patients  who  underwent  thyroidectomy.  The  initial
blood pressure  measured  before  induction  of  anesthesia  was  used  as  the  baseline  value.  The
systolic blood  pressure  measured  during  the  operation  from  the  start  to  the  end  of  anesthesia
was extracted  from  anesthetic  records.  The  time  integral  value  when  the  measured  systolic
blood pressure  fell  below  the  baseline  value  was  calculated  as  area  under  the  curve  (AUC)  of
s100%.
Results: There  were  247  eligible  cases.  Eighty-eight  patients  (35.6%)  had  PONV.  There  was  no
difference  in  patient  background  between  the  patients  with  or  without  PONV.  Univariate  anal-
ysis showed  that  the  total  intravenous  anesthesia  (TIVA)  (p  =  0.02),  smoking  history  (p  =  0.02),
and AUC-s100%  (p  =  0.006)  were  significantly  associated  with  PONV.  Multiple  logistic  regression
analysis  revealed  that  TIVA  (OR:  0.54,  95%  CI:  0.29---0.99),  smoking  history  (OR:  0.60,  95%  CI:
0.37---0.96),  and  AUC-s100%  (OR:  1.006,  95%  CI:  1.0---1.01)  were  significantly  associated  with
PONV.
Conclusion:  Intraoperative  hypotension  evaluated  by  AUC-s100%  was  related  to  PONV  in  thy-
roidectomy.
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Figure  1  Calculation  of  AUCs.  AUC,  Area  under  curve.  The
time and  intensity  below  the  reference  value  were  calculated
as the  time-integrated  values.  As  an  example,  when  the  systolic
blood  pressure  at  admission  was  80  mmHg,  the  portion  sur-
rounded  by  the  systolic  blood  pressure  curve  and  the  reference
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ntroduction

ostoperative  nausea  and  vomiting  (PONV)  is  a  frequent
omplication  of  general  anesthesia  along  with  pain.  PONV
auses  discomfort  to  the  patient,  which  may  be  an  obstacle
o  early  recovery.1,2 The  frequency  of  PONV  is  approximately
0%  in  the  general  population  but  is  as  high  as  70%  in  patients
n  the  high-risk  group.3,4 Therefore,  numerous  studies  have
ocused  on  reducing  PONV  in  the  past  several  decades.  Risk
actors  such  as  inhaled  anesthetics,  nitrous  oxide,  and  opi-
ids  have  been  identified  to  date.  High-risk  patients  such
s  women,  non-smokers,  a  history  of  motion  sickness,  and
oung  patients5 are  recommended  to  use  these  strategies  to
educe  the  risk  of  PONV,6,7 nonetheless,  many  patients  still
eport  PONV.  Numerous  patients  feel  that  nausea  is  more
tressful  than  postoperative  pain,  and  that  they  would  be
illing  to  absorb  the  additional  costs  to  avoid  PONV,8 there-

ore,  it  is  important  not  only  to  manage  PONV  with  current
ell-known  strategies,  but  also  to  search  for  additional  sim-
le  and  safe  strategies.

Hypotension  is  a  well-known  factor  that  triggers  nausea
nd  vomiting  regardless  of  anesthesia.9,10 Many  studies  have
valuated  the  association  between  intraoperative  nausea,
omiting,  and  intraoperative  hypotension  under  spinal  anes-
hesia,  especially  in  the  field  of  obstetrics.11---13 However,
o  date,  only  a  few  studies  have  evaluated  the  relationship
etween  intraoperative  hypotension  and  PONV  in  the  setting
f  general  anesthesia,14 and  the  results  are  controversial.15

he  exact  mechanism  that  causes  PONV  by  hypotension
s  unclear,  but  reduction  of  blood  flow  to  the  brain  stem
nd  influence  on  the  chemoreceptor  trigger  zone  (CTZ)  can
ause  dizziness  and  disturbance  of  the  vestibular  system,
eading  to  nausea  or  vomiting.  We  hypothesized  that  avoid-
ng  intraoperative  hypotension  may  reduce  PONV  in  general
nesthesia.  If  it  is  possible  to  reduce  the  risk  of  PONV  by
aintaining  blood  pressure  during  surgery,  it  can  be  widely

ccepted  and  used  as  PONV  prophylaxis  during  general  anes-
hesia,  regardless  of  the  facility  or  situation.  In  this  study,
e  analyzed  thyroidectomy  cases  in  which  the  incidence  of
ONV  is  relatively  high  and  the  surgical  procedure  is  simple.
e  continuously  evaluated  intraoperative  hypotension  as  a

ime-integrated  value  and  studied  its  relationship  with  the
ncidence  of  PONV.

aterial and methods

he  study  was  approved  by  the  institutional  review  board  of
ur  university  (Approval  number:  2407),  prior  to  its  initia-
ion.  We  retrospectively  investigated  patients  aged  20  years
nd  older  who  underwent  thyroidectomy  at  our  university
etween  January  2016  and  June  2019.  We  excluded  patients
ho  underwent  concomitant  surgery  other  than  thyroidec-

omy  and  those  with  incomplete  data.
We  extracted  patient  details,  such  as  age,  sex,  height,

eight,  presence  of  hypertension,  and  smoking  habits,
s  preoperative  factors.  For  intraoperative  variables,  the
ethod  of  anesthesia  ---  whether  inhalation  or  total  intra-
enous  anesthesia  (TIVA)  ---,  anesthesia  time,  intraoperative
uid  balance,  total  amount  of  fentanyl,  use  of  intra-
perative  prophylactic  drugs  (steroid,  metoclopramide,
roperidol,  and  atropine  sulfate)  were  extracted.  The  pres-
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ine of  80  mmHg  was  calculated  as  AUC-100%  (corresponding  to
he gray  portion  in  the  figure).

nce  of  PONV  was  extracted  from  the  electronic  medical
ecords  from  face-to-face  medical  examination  by  anesthe-
iologists  after  surgery,  which  is  usually  performed  around
even  days  after  surgery.  The  severity  of  PONV  is  clinically
valuated  as  0  (none),  1  (mild  to  moderate),  and  2  (severe).
n  this  study,  grade  0  was  classified  as  the  PONV  (-)  group,
hile  grades  1  and  2  were  classified  as  the  PONV  (+)  group.

ntraoperative  blood  pressure  evaluation

ll  blood  pressures  were  measured  using  our  standard  bed-
ide  monitor  (Life  Scope® G9  Bedside  Monitor,  Nihon  Koden,
apan)  with  inflation-based  noninvasive  blood  pressure  mea-
urement.  The  initial  systolic  blood  pressure  measured
efore  induction  of  anesthesia  was  defined  as  the  baseline
lood  pressure  and  used  as  a  baseline  value.  The  systolic
lood  pressure  measured  during  the  operation,  from  the
tart  of  the  anesthesia  to  the  end  of  the  operation,  was
xtracted  from  anesthetic  records.  Typically,  blood  pres-
ures  were  measured  at  1-minute  intervals  during  anesthetic
nduction  and  at  2.5-minute  intervals  during  surgery.  The
ime  integral  values  of  intraoperative  hypotension  were  cal-
ulated  if  the  blood  pressure  fell  below  the  baseline  value
nd  were  summed  as  AUC-s100%  (Fig.  1).  Since  this  was

 retrospective  study,  all  anesthetic  managements,  includ-
ng  fluid  administration  and  management  of  blood  pressure,
ere  dependent  on  the  anesthesiologists’  discretion,  taken
uring  surgery.

tatistical analysis

rom  our  preliminary  investigation,  we  presumed  that  the
ncidence  of  PONV  after  thyroidectomy  was  30%.  We  decided
o  include  six  well-known  PONV  factors  (age,  smoking  habits,
nesthesia  drugs,  total  fluid  balance,  gender,  and  anesthe-
ia  time)  with  degree  of  intraoperative  hypotension,  making
even  explanatory  variables  in  the  multiple  logistic  regres-
ion  model.  Based  on  prior  studies,  the  required  sample  size
as  estimated  to  be  231.
Based  on  the  presence  of  PONV,  the  results  were  classified
nto  two  groups.  For  continuous  variables,  the  paramet-
ic  variables  were  expressed  as  mean  ±  standard  deviation,
nd  the  nonparametric  variables  were  expressed  as  the
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Figure  2  Study  flow  diagram.

edian  (first  quartile,  third  quartile)  according  to  the  data
istribution.  Categorical  variables  are  expressed  as  the
umber  of  cases  (%).  As  a  univariate  analysis,  Student’s
-test  or  Mann---Whitney  test  was  performed,  and  the  �2

est  was  performed  for  categorical  variables.  Finally,  mul-
ivariate  analysis  with  stepwise  selection  was  performed
ith  factors  that  had  univariate  p-values  <  0.20  on  logistic

egression.  Explanatory  variables  were  evaluated  using  the
olmogorov---Smirnov  test,  and  the  variables  were  power-
ransformed  according  to  the  obtained  results,  so  that  the
xplanatory  variables  were  normally  distributed.  All  analy-
es  were  performed  using  Statflex  version  7.0  (Artech  Corp.,
saka,  Japan).  A  p-value  <  0.05  was  considered  statistically
ignificant.

esults

here  were  283  cases  during  this  period.  Thirty-six  cases
ere  excluded  due  to  different  surgical  procedures  or  insuf-
cient  data  such  as  unknown  preoperative  complications;
herefore,  247  cases  were  included  (Fig.  2).  Of  the  247
atients,  88  (35.6%)  had  PONV.  Table  1  shows  the  univariate
nalysis  results  with  and  without  PONV.

There  was  no  difference  in  patient  background  between
he  two  groups.  Univariate  analysis  showed  that  TIVA
p  =  0.02),  smoking  history  (p  =  0.02),  and  AUC-s100%
p  =  0.007)  were  significantly  associated  with  PONV.  Mul-
iple  logistic  regression  analysis  revealed  that  TIVA  (OR:
.54,  95%  CI:  0.29---0.99),  smoking  history  (OR:  0.60,  95%  CI:
.37---0.96),  and  AUC-s100%  (OR:  1.006,  95%  CI:  1.0---1.01)
ere  significantly  associated  with  PONV.

iscussion

n  this  study,  multiple  logistic  regression  analysis  showed
hat  the  use  of  inhaled  anesthetics,  smoking  habits,  and
ime  integral  of  intraoperative  hypotension  were  associated
ith  PONV.  Although  many  studies  have  concluded  that  TIVA

ends  to  reduce  PONV,  its  impact  varies  among  studies.  This
s  because  PONV  is  multifactorial  and  its  occurrence  varies
epending  on  the  surgical  procedure,  effect  of  postopera-
ive  pain,  and  patient’s  mental  state.  Furthermore,  there
re  various  evaluation  methods,  such  as  evaluation  of  nau-
ea  and  vomiting  separately,  the  evaluation  method  using
AS,  and  the  examination  of  the  need  for  antiemetic  drugs.
RCTs  performed  on  inhalation  anesthesia  and  TIVA
n  patients  undergoing  laparotomic  abdominal  surgery
eported  that  PONV  was  significantly  lower  in  the  TIVA  group;
owever,  there  was  no  difference  in  vomiting  rates16 (Amiri
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t  al.).  Visser  et  al.  reported  that  the  need  for  antiemetic
edication  is  not  significant  among  the  two  groups.17 In

ur  study,  PONV  was  evaluated  by  recall  of  the  patient
 days  after  the  operation  and  resulted  in  a  significantly
ower  PONV  rate  in  the  TIVA  group.  The  second  factor  associ-
ted  with  PONV  was  smoking  status.  Yamada  et  al.  classified
he  smoking  status  according  to  the  time  of  smoking  ces-
ation,  rather  than  evaluating  it  in  a  dichotomous  manner,
nd  reported  that  PONV  and  smoking  cessation  period  were
nversely  correlated.7 This  is  consistent  with  the  results
f  our  study,  which  evaluated  PONV  by  classifying  it  into
hree  stages:  never,  past,  and  current  finding  a  correlation
etween  PONV  and  the  smoking  cessation  period.

Other  well-known  risk  factors  of  PONV,  such  as  opioid
se,  anesthesia  time,  and  sex  were  not  related  in  our  study
ince  surgical  and  anesthesia  procedures  were  uniform  and
he  patient  characteristics  were  comparable  among  groups.
n  addition,  this  study  showed  that  the  higher  the  intraop-
rative  hypotension  time  integrated  value,  the  higher  the
ncidence  of  PONV.  To  the  best  of  our  knowledge,  this  is  the
rst  study  to  identify  the  relationship  between  intraoper-
tive  hypotension  and  PONV  using  the  time  integral  value.
ur  results  suggest  that  maintaining  baseline  blood  pressure
ay  reduce  PONV.
Various  definitions  have  been  proposed  to  define  intraop-

rative  hypotension.  Several  studies  defined  intraoperative
ypotension  using  systolic  blood  pressure,  while  mean  arte-
ial  pressure  has  also  been  widely  used  in  recent  years.18 The
ut-off  value  was  also  evaluated  in  various  manners  using  an
bsolute  value  (i.e.,  systolic  blood  pressure  <  80  mmHg)  or
s  a  relative  value  (i.e.,  80%  of  the  baseline  mean  arterial
ressure).  Furthermore,  diversity  in  the  statistical  process
s  observed,  such  as  expressing  the  results  in  notation  in
econds  or  frequency.19 Jilles  et  al.  reported  in  a  system-
tic  review  that  there  were  140  definitions  of  intraoperative
ypotension  in  130  studies.20 Walsh  et  al.  retrospectively
eviewed  intraoperative  hypotension  in  33,000  patients  for
on-cardiac  surgery;  they  concluded  that  using  a  mean  blood
ressure  of  55  mmHg  as  a  cutoff  value  of  intraoperative
ypotension  increased  the  risk  of  acute  kidney  injury  (AKI)
nd  cardiovascular  events.21 On  the  other  hand,  a  similar
arge  cohort  study  by  Kheterpal  et  al.  concluded  that  a
ean  arterial  pressure  below  40  mmHg  was  a  cutoff  value  for

ncreased  risk  of  AKI.22 In  addition  to  the  different  clinical
ettings,  the  discrepancy  in  cut-off  values  observed  in  many
tudies  is  partially  explained  by  differences  in  the  evalua-
ion  methods.  The  strength  of  our  study  is  that  it  evaluates
ntraoperative  hypotension  using  time-integrated  values  to
vercome  the  aforementioned  issues.  To  this  end,  we  evalu-
ted  systolic  blood  pressure,  since  systolic  blood  pressure  is
linically  simple  to  measure;  however,  similar  results  were
lso  obtained  using  other  criteria  such  as  90%  of  the  baseline
ystolic  pressure  or  by  using  mean  arterial  pressure  (Table  2).
he  multiple  logistic  regression  model  using  100%  of  the
aseline  systolic  pressure  best  fitted  the  model,  and  the
esult  might  indicate  that  strict  maintenance  of  blood  pres-
ure  at  the  time  of  admission  may  lead  to  a decrease  in  PONV.
urther,  no  correlation  with  PONV  was  found  when  the  eval-

ations  were  performed  by  absolute  value  in  both  cases  of
ystolic  blood  pressure  and  mean  arterial  pressure,  indicat-
ng  that  tailor-made  anesthetic  management  of  individual
atients  is  mandatory.
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Table  1  Univariate  analysis  among  PONV(-)  and  PONV  (+)  groups.

PONV  (-)  (n  =  159)  PONV  (+)  (n  =  88)  p-value

Age  (in  years)a 57.8  ±  15.6  61.6  ±  12.6  0.052
Male (%)  34  (21.4)  16  (18.2)  0.54
Height (cm)a 158.0  ±  7.8  157.2  ±  8.4  0.45
Weight (kg)a 58.9  ±  11.2  60.1  ±  14.6  0.47
BMI (kg.m-2)a 23.6  ±  3.9  24.1  ±  4.6  0.29
Smoker 0.02

Never (%)  93  (58.5)  65  (73.9)
Past (%) 47  (29.6)  17  (19.3)
Current (%) 19  (12.0) 6  (6.8)

Hypertension  (%) 55  (34.6) 34  (38.6) 0.53
Steroid medication  (%) 4  (2.5) 1  (1.1) 0.46
TIVA (%)  62  (39.0)  21  (23.9)  0.02
Fluid balance  (mL)a 717.6  ±  439.1  814.0  ±  366.3  0.08
Anesthesia time  (min)a 196.3  ±  91.8  216.3  ±  101.7  0.12
Total dose  of  fentanyl  (mcg.mL-1)b 200  [150,300]  200  [200,300]  0.13
Metoclopramide  (%)  29  (18.2)  11  (12.5)  0.24
Droperidol (%)  17  (10.7)  4  (4.6)  0.10
Steroid (%)  12  (7.6)  3  (3.4)  0.19
Atropine (%)  11  (6.9)  6  (6.8)  0.97
AUC-s100%b 3975  [2107,6811]  5038  [3188,8510]  0.007

PONV, postoperative nausea and vomiting; BMI, body mass index; TIVA, total intravenous anesthesia; AUC, area under curve.
a The values are expressed as mean ± standard deviation.
b Values expressed as median (first quartile, third quartile).

Table  2  Intraoperative  hypotension  with  different  criteria.

Criteria  PONV  (-)  PONV  (+)  p-value

AUC-s100%  3975  [2107,6811]  5038  [3188,8510]  0.007
AUC-s90% 2231  [935,4376]  3018  [1600,5873]  0.01
AUC-s80% 960  [210,2240]  1227  [551,3282]  0.02
AUC-s100 1194  [740,1709]  1252  [786,2020]  0.24
AUC-s90 372  [204,628]  421  [205,748]  0.17
AUC-s80 71.4  [44.2,  136.8]  89.0  [57.6,  151.0]  0.05
AUC-m100% 2880  [1638,4773]  3561  [2107,5499]  0.04
AUC-m90% 1582  [821,3086]  2037  [1037,3698]  0.06
AUC-m80% 592  [161,1541]  768  [313,1914]  0.04
AUC-m80 1614  [1078,2199]  1752  [1196,2704]  0.18
AUC-m70 498  [275,823]  552  [321,1075]  0.08
AUC-m60 60.0  [33.4,  132.6]  96.6  [47.7,  202.1]  0.01

AUC, area under curve.
Various baseline criteria were evaluated for AUC. For criteria described as AUC-s**, systolic blood pressures were evaluated while mean
arterial pressures were evaluated for criteria described as AUC-m**. The percentage with % indicates that the relative value from the
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baseline blood pressure was used as a criterion, while the numbe
[All AUC values expressed as median (first quartile, third quartile

Although  the  mechanism  of  nausea  and  vomiting  has  not
een  completely  elucidated,  PONV  is  thought  to  be  induced
y  stimulation  of  the  vomiting  center  from  the  vestibular
rgan,  peripheral  region,  or  CTZ.  The  main  inputs  in  the  CTZ
re  those  from  the  sympathetic  nervous  system  and  stimula-
ion  from  neurotransmitters,  such  as  serotonin,  dopamine,
nd  substance  P.  Among  them,  serotonin  and  the  sympa-
hetic  nervous  system  are  considered  as  important  input

athways.  In  fact,  5-hydroxyl  tryptamine  (HT3)  inhibitors,
uch  as  ondansetron  and  granisetron,  have  been  shown  to
ecrease  PONV  in  many  studies.23,24 However,  many  studies

s
d
a

63
hout % indicates that the absolute values were used as criteria.

ave  failed  to  identify  an  association  between  intraopera-
ive  serum  serotonin  levels  and  the  risk  of  PONV.  Lim  et  al.
xamined  serum  serotonin  levels  during  epidural  anesthesia
n  obstetric  parturients  and  found  no  relationship  between
ausea  and  vomiting  and  serum  serotonin  concentration.25

hese  reports  support  the  evidence  that  serotonin  released
uring  surgery  might  not  be  responsible  for  PONV.  Serotonin
tself  has  a  short  half-life  and  is  eliminated  from  blood  in

everal  minutes,  and  it  is  speculated  that  serotonin  released
uring  intraoperative  hypotensive  events  does  not  remain
fter  surgery.26 However,  serotonin  transporter,  which  is  the
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ain  pathway  for  eliminating  serotonin  from  blood,  has
een  shown  to  slow  uptake  of  serotonin  when  exposed  to
igh  concentrations  of  serotonin.27 Therefore,  it  may  be
artly  explained  that  high  serotonin  levels  during  intraop-
rative  hypotension  may  alter  the  uptake  of  serotonin  after
urgery  and  result  in  high  serotonin  levels  in  the  postop-
rative  phase.  A  recently  published  study  by  Guimarães
t  al.  examined  the  risk  factors  for  PONV  in  pregnant  women
ndergoing  cesarean  section,  in  which  hypotension  caused
ntraoperative  nausea  and  vomiting  (IONV)and  IONV  was  well
orrelated  with  PONV.28

As  this  is  a  retrospective  study,  it  is  difficult  to  clarify  the
echanism  of  association  between  hypotension  and  PONV.
e  must  emphasize  that  there  might  be  a  possibility  that

ntraoperative  hypotension  is  a  confounder  of  other  true
actors.  For  example,  it  is  necessary  to  consider  that  those
ith  a  high  AUC  in  this  study  are  relatively  in  a  hypovolemic

tate,  and  therefore  are  potentially  at  a  risk  of  intraoper-
tive  hypotension,  and  thus  prone  to  face  the  PONV.29 In
rder  to  verify  this  possibility,  we  examined  blood  pressure
n  the  postoperative  ward  after  1,  3,  and  6  hours  of  the
eturn  to  the  general  ward.  Surprisingly,  the  blood  pressure
as  significantly  higher  in  the  group  with  PONV  at  all  points,
espite  the  fact  that  the  proportion  of  patients  diagnosed
ith  hypertension  preoperatively  did  not  differ  significantly
etween  the  two  groups.  Although  the  exact  mechanism  is
nknown,  the  sympathetic  nervous  system,  which  is  another
fferent  pathway  besides  serotonin  activation,  may  play  an
mportant  role  in  PONV.

Finally,  the  study  has  some  limitations.  First,  the  impor-
ant  confounding  factors  related  to  PONV  might  not  have
een  evaluated.  For  example,  motion  sickness  could  not  be
valuated  in  this  study.  Inclusion  of  these  factors  in  a  mul-
iple  logistic  regression  model  may  yield  different  results.
econd,  PONV  is  a  self-reported  outcome,  and  the  events
ere  picked  up  from  the  electronic  medical  records.  Since

he  definition  of  PONV  is  ambiguous,  there  may  be  under-
ying  PONV  that  could  not  be  extracted.  Third,  since  this
tudy  is  retrospective,  causality  may  be  reversed.  In  other
ords,  people  who  are  prone  to  PONV  may  be  more  likely  to
ave  lower  blood  pressure.  Therefore,  prospective  interven-
ion  studies  need  to  be  validated  with  and  without  normal
lood  pressure.  In  conclusion,  intraoperative  hypotension
valuated  by  AUC-s100%  was  related  to  PONV  in  patients
ndergoing  thyroidectomy  in  our  study.  Further  studies  are
xpected  to  integrate  this  evidence.
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TaggedPAbstract
Background: Dexmedetomidine (DEX) is an a2-adrenergic receptor agonist used for its sedative,
analgesic, and anxiolytic effects. Non-Operating Room Anesthesia (NORA) is a modality of anes-
thesia that can be done under general anesthesia or procedural sedation or/and analgesia. In
this particular setting, a level-2 sedation, such as the one provided by DEX, is beneficial. We
aimed to study the effects and safety of DEX in the different NORA settings in the adult
population.
Methods: A systematic review with meta-analysis of randomized controlled trials was con-
ducted. Interventions using DEX only or DEX associated with other sedative agents, in adults
(18 years old or more), were included. Procedures outside the NORA setting and/or without
a control group without DEX were excluded. MEDLINE, ClinicalTrials.gov, Scopus, LILACS,
and SciELO were searched. The primary outcome was time until full recovery. Secondary
outcomes included hemodynamic and respiratory complications and other adverse events,
among others.
Results: A total of 97 studies were included with a total of 6,706 participants. The meta-analysis
demonstrated that DEX had a higher time until full recovery (95% CI = [0.34, 3.13] minutes, a higher
incidence of hypotension (OR = 1.95 [1.25, 3.05], p = 0.003, I2 = 39%) and bradycardia (OR = 3.60
[2.29, 5.67], p < 0.00001, I2 = 0%), and a lower incidence of desaturation (OR = 0.40 [0.25, 0.66],
p = 0.0003, I2 = 60%).
TaggedEndTAGGEDPKEYWORDS
Anesthesiology;
Conscious sedation;
Dexmedetomidine;
Hypnotics and
sedatives;
Patient safety TaggedEnd
erreira).
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TaggedEndF.J. Fonseca, L. Ferreira, A.L. Rouxinol-Dias et al.
TaggedEndTaggedPConclusion: DEX in NORA procedures in adults was associated with a lower incidence of amnesia
and respiratory effects but had a long time to recovery and more hemodynamic complications.
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPDexmedetomidine (DEX) is an a2-Adrenergic Receptor (a2-AR)
agonist used for its sedative, analgesic, and anxiolytic effects.1

It is a relatively new drug, having been approved by the Food
and Drug Administration (FDA) in 1999 for use in short-term
sedation and analgesia (< 24 hours) in the Intensive Care Unit
(ICU).1 It provides a unique type of sedation, “arousable seda-
tion”, in which patients appear to be sleepy but are easily
aroused, cooperative, and communicative when stimulated,
resembling natural sleep.1 Furthermore, in the ICU setting, it
is associated with reduced anesthetic requirements and pres-
ervation of respiratory function, offering hemodynamic stabil-
ity with a reduced dose of vasopressor in septic shock
patients,2 hence facilitating early weaning from the ventilator
and thereby reducing overall ICU stay costs.1,3TaggedEnd

TaggedPNon-Operating Room Anesthesia (NORA) is an upcoming
and challenging modality of anesthesia in remote locations
within the hospital that requires expertise and skill.4 In this
particular backdrop, level 2 sedation is beneficial because it
allows the patient to follow commands during the procedure
while maintaining airway function and reflexes.4 The partic-
ular goals of sedation are patient safety and welfare, mini-
mizing discomfort and pain, controlling anxiety, minimizing
psychological trauma, maximizing the potential of antero-
grade amnesia, controlling movement for safer completion
of the procedure, and rapid recovery of the patient to a
state of safe discharge from medical supervision.4 TaggedEnd

TaggedPIn NORA sedation, there is a paucity of literature describing
the efficacy and safety of DEX, alone and in combination, both
in children and in adults.5 A recent review reported DEX as a
promising alternative to midazolam for use in procedural seda-
tion in adults, providing more comfort during the procedure
for the patient and clinician.6 Therefore, further embracing
investigation is warranted to better understand the effects
and safety of DEX, alone or in combination, in the different
NORA settings, especially in the adult population.7 For chil-
dren, there is already a recent systematic review reporting sig-
nificant benefits of DEX in NORA sedation. But for the adult
population, a preliminary search of PROSPERO, MEDLINE, the
Cochrane Database of Systematic Reviews, and the JBI Data-
base of Systematic Reviews and Implementation Reports was
conducted and no current or underway systematic reviews on
the topic were identified. Therefore, we developed a system-
atic review to evaluate and report time until recovery and side
effects of DEX only or DEX associated with other sedative
agents in NORA settings for adults’ procedures in comparison
to other sedatives.TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThe protocol of this systematic review and meta-analysis
was written following the PRISMA-P (Preferred Reporting
642
TaggedEndTaggedPItems for Systematic Review and Meta-Analysis Protocols)
guidance.8 Under the guidelines, our systematic review pro-
tocol was registered in the International Prospective Regis-
ter of Systematic Reviews (PROSPERO) on the 22nd of
October 2020 (registration number CRD42020215880). This
systematic review was written following the PRISMA
Statement.9 TaggedEnd

TaggedH2Eligibility criteria TaggedEnd

TaggedPWe included papers that studied patients with 18 years of
age or older. Only Randomized Controlled Trials (RCTs),
regardless of their population size, were included. Of inter-
est were interventions using DEX only or DEX associated with
other sedative agents, comparing with the use of another
pharmacological sedative strategy (without DEX). TaggedEnd

TaggedH2Search strategy TaggedEnd

TaggedPThe full queries applied to the different information sources
and results are presented in Appendix I. Search was con-
ducted on MEDLINE (through Pubmed), ClinicalTrials.gov,
Scopus, LILACS (through Virtual Health Library Regional Por-
tal), and SciELO for all available literature on the subject
until October 12, 2021. The bibliographies of relevant sys-
tematic reviews were studied to identify any studies missed
by our literature search. Articles written in all languages
were searched. TaggedEnd

TaggedH2Data collection and assessment TaggedEnd

TaggedPTwo reviewers independently read all titles and abstracts
and selected the studies to include in the review according
to the eligibility criteria. Then, the full article was obtained
and read in its integrity by the two authors, and it was
decided if it met the inclusion criteria. Uncertainty and dis-
agreement were resolved by discussion between the
reviewers. Reviewers were blind to the journal titles and
institutions. The data extraction from the selected studies
was independent and in duplicate to avoid errors and reduce
biases. Any remaining discrepancies were resolved by a third
author.TaggedEnd

TaggedPThe following outcomes were evaluated in this review:
recovery time (primary outcome), sedation level, pain and
discomfort, patient and physician satisfaction, hemody-
namic complications (hypotension and hypertension, brady-
cardia, and tachycardia), respiratory depression and other
respiratory complications, and nausea or vomiting. TaggedEnd

TaggedPLiterature search results were uploaded to EndNote Vx9
(Clarivate Analytics, PA, USA), a reference management
software that facilitates the collection, duplicate exclusion,
and analysis of research materials and collaboration
between researchers during the selection process. For
screening, a database was built using Microsoft Excel

http://creativecommons.org/licenses/by-nc-nd/4.0/
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TaggedEndTaggedPV16.42/2020 (Microsoft Corporation, USA). For data collec-
tion, synthesis, and analysis, data were extracted to Rev-
Man 5.1 (Review Manager 5.1) V5.4 (Copenhagen: The
Nordic Cochrane Centre, Cochrane). TaggedEnd
TaggedH2Risk of bias in individual studiesTaggedEnd

TaggedPThe risk of bias for each study was evaluated by the collec-
tion of information, using the Cochrane Risk of Bias Tool,10

by 2 review authors independently. The inter-rater agree-
ment was measured. All studies were retained indepen-
dently of their risk of bias. TaggedEnd
TaggedH2Certainty assessment TaggedEnd

TaggedPCertainty assessment was performed using GRADEpro GDT
software to prepare the “Summary of findings” tables (GRA-
DEpro Guideline Development Tool [Software]. McMaster
University, 2020 developed by Evidence Prime, Inc.). All
decisions to down- or up-grade the certainty of studies is
reported as footnotes. TaggedEnd
TaggedH2Statistical analysis TaggedEnd

TaggedPIf the studies were sufficiently homogeneous, we conducted
a meta-analysis using a random-effects approach, with a 5%
significance level. For dichotomous variables, we deter-
mined the Odds Ratio (OR) with a 95% Confidence Interval
(95% CI). As for continuous variables, we determined the
mean with a 95% CI. Heterogeneity was evaluated by using I2

and Cochran’s Q test. Values of I2 greater than 50% were con-
sidered as indicative of substantial heterogeneity,11 and
investigated by subgroup analysis (setting and comparator/
control intervention). TaggedEnd
TaggedH2Publication bias evaluation TaggedEnd

TaggedPThe outcome reporting and small study biases were assessed
with the help of Funnel plots and Egger’s Test.12TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Description of studies TaggedEnd

TaggedPAfter systematically searching five electronic databases, we
obtained studies according to the search strategy as follows:
MEDLINE (n = 1,874), ClinicalTrials.gov (n = 64), Scopus
(n = 205), LILACS (n = 104), and SciELO (n = 103). Among
these articles, 232 studies were excluded because they were
duplicates. A total of 1,946 studies were excluded because
they did not meet the inclusion criteria after reviewing their
titles and abstracts. Cohen’s kappa of agreement between
the two authors was 67%, fair to a good agreement.13 The
remaining 172 studies were considered relevant, and
reviewers carefully screened the full articles. The study
selection process is outlined through the PRISMA (Preferred
Reporting Items for Systematic Reviews) 14 diagram in
Appendix II. TaggedEnd
643
TaggedH2Included trialsTaggedEnd

TaggedPThe 97 RCTs studies included involved a total
of 6,706 participants and 6,853 procedures. This difference
is due to Nooh et al.,15 Shetty et al.,16 and Hiwarkar et al.,17

where each subject participated in two procedure sessions
and received both interventions. We summarized the char-
acteristics of the included studies in Table 1.TaggedEnd

TaggedPThe studies included were from 2004 onward, 21 from
before 2013 and 75 from 2013 onward. Twenty-three studies
were conducted in India, 16,17,86,48,51,20,90,28,61,64−66,30,21,

106,107,84,71,108,32,82,78,68 sixteen in China,41,87,88,59,23−25,89,81,
36,109,69,110,111,95,103 thirteen in Turkey,38,96,98,40,43,44,19,99,
52,55,56,104,22 nine in Japan,49,27,54,63,77,67,33,35,100 seven in the
Republic of Korea,73,42,53,80,57,58,92 five in the USA,18,74,105,29,34

four in each of the following countries: Iran 72,39,83,101 and
Saudi Arabia,15,97,46,70 and two in each of the following coun-
tries: Egypt 85,75 and Singapore. 26,37 For other countries, only
one study was reported.TaggedEnd

TaggedPThe age of participants ranged from 18 to 99 years. Four
studies included patients with an American Society of Anes-
thesiologists (ASA) physical status of I only,15−17,33 and six-
teen studies did not report the patients’ ASA physical
status.90,21,106,88,40,49,27,54,77,67,80,83,76,91TaggedEnd

TaggedPMost of the studies used standard monitorization with
non-invasive Blood Pressure (BP), Electrocardiogram (ECG),
pulse oximetry, and capnography.4 Depth of sedation was
evaluated with Bispectral Index (BIS), Ramsay Sedation
Score (RSS), or Observer Assessment of Alertness/Sedation
Scale (OAA/S) in the majority of the studies, although five
used the Richmond Agitation Sedation Scale
(RASS),61,27,54,77,62 and seven used another sedation
score.108,43,19,22,80,91,60 TaggedEnd

TaggedH2Risk of Bias and GRADE assessment TaggedEnd

TaggedPTwenty-five trials were judged to be low risk of bias in all
domains.86,90,64,66,107,78,68,41,87,23−25,81,36,69,103,58,92,105,29,85,
37,62,47,93 Forty trials had unclear risk of bias,15,16,51,
20,28,30,21,106,84,108,32,82,89,109,110,95,96,40,19,52,56,22,49,27,54,

72,39,83,70,60,45,50,79,102,94 The domains judged to have the
highest risk of bias were both blinding of participants and
personnel (performance bias) as well as incomplete outcome
data (attrition bias) (Fig. 1 and Appendix 4). GRADE assess-
ment is described in Table 2. TaggedEnd

TaggedH2Outcomes TaggedEnd

TaggedPTime until full recovery TaggedEnd
TaggedPOverall, 41 studies evaluated time until full recovery as out-
comes, although there was not a consistent definition of
recovery. Of the studies, 46.3% used Aldrete's scoring system
(the full description of the outcome’s definition can be found
in Appendix III). A meta-analysis was computed to evaluate
this outcome (just for RCTs considering Aldrete or modified
Aldrete > 9) (Fig. 2). Overall, there was a tendency for a
mean higher time until full recovery of 1.73 minutes (95% CI
[0.34, 3.13] minutes). There was severe heterogeneity
(I2 = 96%), not fully explained by subgroup analysis (test for
subgroup differences: Chi2 = 10.41, df = 3 (p = 0.02),
I2 = 71.2%), nor control group (test for subgroup differences:
Chi2 = 33.11, df = 5 (p < 0.00001), I2 = 84.9%) (Appendix IV).TaggedEnd
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iv

no
rm

al
sa
lin

e
fo
r
10

m
in

+

1
m
g.
kg

−
1
iv

ke
ta
m
in
e

Be
fo
re

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

H
em

od
yn

am
ic

ef
fe
ct
s,
an

al
ge

si
c

ef
fe
ct
,
an

d
se
da

ti
on

sc
or
e.

Ku
nd

ra
2
0

In
di
a

N
R

28
.3

60
1,

2
D
re
ss
in
g
ch

an
ge

s
BP
,
Sp

O
2
,
H
R

an
d
RS

S

1:
4
μ
g.
kg

−
1
or
al

D
EX

2:
5
m
g.
kg

−
1
or
al

ke
ta
m
in
e

Be
fo
re

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

A
na

lg
es
ic

ef
fi
ca

cy
,
pa

in
,
se
da

-

ti
on

sc
or
e
an

d
ad

ve
rs
e
ev

en
ts

an
d
co

m
pl
ic
at
io
ns
.

Ra
vi
pa

ti
2
1

In
di
a

(1
8–
60

)
23

.3
60

N
R

D
re
ss
in
g
ch

an
ge

an
d

de
br
id
em

en
t

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
er

an
d

RS
S

1:
1
μ
g.
kg

−
1
IM

D
EX

+
0.
5
m
g.
kg

−
1

iv
bo

lu
s
ke

ta
m
in
e
+
1
m
g.
kg

−
1
iv

bo
lu
s
pr
op

of
ol

+
1
m
g.
kg

−
1
.h

−
1
iv

in
fu
si
on

ke
ta
m
in
e
+
10

0
μg

.k
g−

1
.

m
in

−
1
iv

in
fu
si
on

pr
op

of
ol

2:
0.
5
m
g.
kg

−
1
iv

bo
lu
s
ke

ta
m
in
e

+
1
m
g.
kg

−
1
iv

bo
lu
s
pr
op

of
ol

+
1

m
g.
kg

−
1
.h

−
1
iv

in
fu
si
on

ke
ta
m
in
e

+
10

0
μ
g.
kg

−
1
.m

in
−
1
iv

in
fu
si
on

pr
op

of
ol

1h
be

fo
re

in
du

ct
io
n

N
o
cl
ea

r

de
fi
ni
ti
on

To
ta
ld

ru
g
co

ns
um

pt
io
n
an

d

re
co

ve
ry

ti
m
e

Zo
r
2
2

Tu
rk
ey

(1
9–
54

)
83

.3
24

2,
3

D
re
ss
in
g
ch

an
ge

H
R,

no
n-
in
va

-

si
ve

SB
P,
Sp

O
2

an
d
RR

1:
1
m
g.
kg

−
1
IM

tr
am

ad
ol

+
1
m
g.

kg
−
1
IM

D
EX

H
C
l+

2
m
g.
kg

−
1
IM

ke
ta
m
in
e

2:
2
m
g.
kg

−
1
IM

ke
ta
m
in
e

3:
1
m
g.
kg

−
1
IM

tr
am

ad
ol

+

0.
05

m
g.
kg

−
1
IM

M
D
Z
H
C
l+

2
m
g.

kg
−
1
IM

ke
ta
m
in
e

15
m
in

be
fo
re

th
e
pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Pa
in
,
se
da

ti
on

sc
or
e,

ad
ve

rs
e

ev
en

ts
an

d
co

m
pl
ic
at
io
ns

an
d

pa
ti
en

t
sa
ti
sf
ac

ti
on

.

D
en

ta
lp

ro
ce

du
re

(n
=

19
)

C
he

un
g
2
3

C
hi
na

(1
8–
50

)
30

60
1,

2
U
ni
la
te
ra
lt
hi
rd

m
ol
ar

su
rg
er
y

H
R,

BP
,
RR

,
Sp

O
2

an
d
RS

S

1:
1
μ
g.
kg

−
1
in
fu
si
on

D
EX

fo
r
10

m
in

2:
5
m
g
in
fu
si
on

M
D
Z
fo
r
10

m
in

Be
fo
re

th
e

pr
oc

ed
ur
e

Pa
ti
en

t

sa
ti
sf
ac

ti
on

Pa
in
,
re
la
xa

ti
on

du
ri
ng

th
e
op

er
-

at
io
n,

am
ne

si
a,

su
rg
ic
al

co
nd

i-

ti
on

s,
ph

ys
ic
ia
n
sa
ti
sf
ac

ti
on

an
d

ad
ve

rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns
.

C
he

un
g
2
4

(1
)

C
hi
na

(1
8–
50

)
41

.0
10

5
1,

2
Bi
la
te
ra
lt
hi
rd

m
ol
ar

su
rg
er
y

H
R,

BP
,
RR

an
d

Sp
O
2
an

d
RS

S

1:
1
μ
g.
kg

−
1
iv

in
fu
si
on

D
EX

fo
r

10
m
in

+
in
fi
lt
ra
ti
on

no
rm

al

sa
lin

e

2:
iv

in
fu
si
on

no
rm

al
sa
lin

e
+

1
μ
g.
m
L−

1
in
fi
lt
ra
ti
on

D
EX

3:
iv

in
fu
si
on

no
rm

al
sa
lin

e
+

in
fi
lt
ra
ti
on

no
rm

al
sa
lin

e

Be
fo
re

an
d
at

th
e
en

d
of

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Re
co

ve
ry

pr
ofi

le
,
pa

in
,
BP
,
H
R,

Sp
O
2
,
RS

S,
po

st
op

er
at
iv
e
an

al
-

ge
si
c
co

ns
um

pt
io
n
an

d
ad

ve
rs
e

ev
en

ts
an

d
co

m
pl
ic
at
io
ns
.

C
he

un
g
2
5

(2
)

C
hi
na

(1
8–
50

)
45

60
1,

2
U
ni
la
te
ra
lt
hi
rd

m
ol
ar

su
rg
er
y

H
R,

BP
,
RR

an
d

Sp
O
2
,
BI
S
an

d

O
A
A
/S

sc
or
e

1:
1
μ
g.
kg

−
1
in
tr
an

as
al

D
EX

2:
in
tr
an

as
al

no
rm

al
sa
lin

e

45
m
in

be
fo
re

th
e
pr
oc

ed
ur
e

Po
st
op

er
at
iv
e

pa
in

re
lie

f

Se
da

ti
on

sc
or
e
an

d
ps
yc
ho

m
ot
or

fu
nc

ti
on

.

Fa
n

2
6

Si
ng

ap
or
e

N
R

70
60

1,
2

N
ot

sp
ec

ifi
ed

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
er
,
BI
S

an
d
O
A
A
/S

sc
or
e

1:
0.
1
μg

.k
g−

1
.m

in
−
1
in
fu
si
on

D
EX

+
0.
2
μg

.k
g−

1
.h

−
1
in
fu
si
on

D
EX

2:
0.
00

5
m
g.
kg

−
1
.m

in
−
1
in
fu
si
on

M
D
Z
+
0.
01

m
g.
kg

−
1
.h

−
1
in
fu
si
on

M
D
Z

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Ef
fi
ca

cy
(s
ed

a-

ti
on

sc
or
e,

an
x-

io
ly
si
s,

an
al
ge

-

si
c
ef
fe
ct
s,

op
er
at
in
g
co

nd
i-

ti
on

s,
an

d

pa
ti
en

t
sa
ti
sf
ac

-

ti
on

)
an

d
sa
fe
ty
.
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Ta
bl
e
1

(C
on

ti
nu

ed
)

N
O
RA

se
tt
in
g

St
ud

y
C
ou

nt
ry

A
ge

(y
r)

M
al
e
(%
)

Sa
m
pl
e

si
ze

A
SA

ph
ys
ic
al

st
at
us

Ty
pe

of
pr
oc

ed
ur
e

M
on

it
or
iz
at
io
n

In
te
rv
en

ti
on

/c
om

pa
ra
to
r

Ti
m
in
g
of

D
EX

in
je
ct
io
n

M
ai
n
ou

tc
om

e
O
th
er

ou
tc
om

es

H
iw

ar
ka

r
1
7

In
di
a

(1
8–
60

)
N
R

20
1

Su
rg
ic
al

re
m
ov

al
of

bi
la
te
r-

al
ly

im
pa

ct
ed

m
an

di
bu

la
r

th
ir
d
m
ol
ar
s

Sp
O
2
,
H
R,

BP

an
d
m
od

ifi
ed

O
A
A
/S

1:
1.
5
μg

.k
g−

1
in
tr
an

as
al

D
EX

2:
0.
2
m
g.
kg

−
1
in
tr
an

as
al

M
D
Z

10
m
in

be
fo
re

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Ef
fi
ca

cy

Ka
w
aa

i2
7

Ja
pa

n
N
R

35
40

N
R

D
en

ta
li
m
pl
an

t
su
rg
er
y

BP
,
H
R,

EC
G
,

Sp
O
2
an

d
RA

SS

1:
0.
05

m
g.
kg

−
1
iv

bo
lu
s
bu

to
r-

ph
an

ol
+
0.
05

m
g.
kg

−
1
iv

bo
lu
s

M
D
Z
+
0.
56

(±
0.
14

)
μg

.k
g−

1
.h

−
1

in
fu
si
on

D
EX

2:
0.
05

m
g.
kg

−
1
iv

bo
lu
s
bu

to
r-

ph
an

ol
+
0.
05

m
g.
kg

−
1
iv

bo
lu
s

M
D
Z
+
2.
3
m
g.
kg

−
1
.h

−
1
in
fu
si
on

pr
op

of
ol

D
ur
in
g
th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

A
m
ne

si
c
ac

ti
on

,
re
co

ve
ry

pr
ofi

le

an
d
se
da

ti
on

co
m
fo
rt
.

M
is
hr
a

2
8

In
di
a

(1
8–
65

)
76

.7
60

1,
2

M
ul
ti
pl
e
da

ys
ca

re
or
al

an
d

m
ax

ill
of
ac

ia
ls
ur
gi
ca

l

pr
oc

ed
ur
es

SB
P,
D
BP
,
H
R,

RR
,
Sp

O
2
an

d

BI
S

1:
1
μ
g.
kg

−
1
bo

lu
s
D
EX

fo
r
10

m
in

+
0.
5
μg

.k
g−

1
.h

−
1
D
EX

2:
0.
08

m
g.
kg

−
1
bo

lu
s
M
D
Z
fo
r

10
m
in

+
0.
05

m
g.
kg

−
1
.h

−
1
M
D
Z

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Re
sp
ir
at
or
y
an

d
he

m
od

yn
am

ic

ef
fe
ct
s,

ad
ve

rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns
,
am

ne
si
a,

di
s-

ch
ar
ge

sc
or
e,

pa
ti
en

t
re
la
xa

ti
on

an
d
pa

ti
en

t
sa
ti
sf
ac

ti
on

.

N
ol
an

2
9

U
SA

(1
8–
35

)
33

.3
14

4
1,
2

Su
rg
ic
al

re
m
ov

al
of

th
ir
d

m
ol
ar

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry

an
d

ca
pn

og
ra
ph

y

1:
0.
03

m
g.
kg

−
1
M
D
Z
+
1
μ
g.
kg

−
1

in
fu
si
on

D
EX

fo
r
10

m
in

+
0.
5
μg

.

kg
−
1
.h

−
1
in
fu
si
on

D
EX

2:
0.
03

m
g.
kg

−
1
M
D
Z
+
0.
8
μg

.

kg
−
1
fe
nt
an

yl
+
12

5
m
g.
kg

−
1
.

m
in

−
1
in
fu
si
on

pr
op

of
ol

±
0.
1
m
g.

kg
−
1
bo

lu
se
s
pr
op

of
ol
,
as

ne
ed

ed

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Re
sp
ir
at
or
y

ev
en

ts
re
qu

ir
in
g

in
te
rv
en

ti
on

Pa
in
,
co

op
er
at
io
n
sc
or
e,

ti
m
e
to

am
bu

la
ti
on

,
ti
m
e
to

di
sc
ha

rg
e,

am
ne

si
a,

pa
ti
en

t
sa
ti
sf
ac

ti
on

,

op
er
at
in
g
co

nd
it
io
ns

sc
or
e
an

d

he
m
od

yn
am

ic
st
ab

ili
ty
.

N
oo

h
1
5

Sa
ud

i

A
ra
bi
a

(2
0–
28

)
56

18
1

Su
rg
ic
al

re
m
ov

al
of

th
e

th
ir
d
m
ol
ar

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
er
,
m
od

i-

fi
ed

O
A
A
/S

sc
or
e
an

d
BI
S

1:
1.
5
μg

.k
g−

1
in
tr
an

as
al

at
om

-

iz
ed

D
EX

2:
in
tr
an

as
al

w
at
er

30
m
in

be
fo
re

th
e
pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Pr
eo

pe
ra
ti
ve

an
xi
et
y,
re
ac

ti
on

to
th
e
an

es
th
et
ic

in
je
ct
io
n,

pa
in
,
se
da

ti
on

sc
or
e,

vi
ta
ls
ig
ns
,

ad
ve

rs
e
ev

en
ts

an
d
co

m
pl
ic
a-

ti
on

s
an

d
to
ta
la

na
lg
es
ic

co
ns
um

pt
io
n.

D
en

ta
lp

ro
ce

du
re

(n
=

19
)

Ra
sh
ee

d
3
0

In
di
a

(2
0–
50

)
46

50
1,

2
N
ot

sp
ec

ifi
ed

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
er

an
d

O
A
A
/S

sc
or
e

1:
1
μ
g.
kg

−
1
iv

D
EX

fo
r
2
m
in

+

0.
5
m
g.
kg

−
1
iv

ke
ta
m
in
e

2:
0.
05

m
g.
kg

−
1
iv

M
D
Z
fo
r
2
m
in

+
0.
5
m
g.
kg

−
1
iv

ke
ta
m
in
e

N
R

N
o
cl
ea

r

de
fi
ni
ti
on

D
ur
at
io
n
of

pr
oc

ed
ur
e,

in
du

c-

ti
on

-i
nc

is
io
n
ti
m
e,

he
m
od

y-

na
m
ic

ef
fe
ct
s,

du
ra
ti
on

of

an
al
ge

si
a,

m
ea

n
a
to
ta
le

xt
ra

do
se

of
ke

ta
m
in
e
an

d
pa

ti
en

t

an
d
ph

ys
ic
ia
n
sa
ti
sf
ac

ti
on

.

Sa
la
za
r
3
1

Ve
ne

zu
el
a

(1
8–
30

)
38

.6
44

1,
2

Su
rg
ic
al

re
m
ov

al
of

th
e

th
ir
d
m
ol
ar

RR
,
SB

P,
D
BP
,

M
A
P,
Sp

O
2
,
EC

G
,

H
R
an

d
RS

S

1:
0.
2
μg

.k
g−

1
.h

−
1
iv

in
fu
si
on

D
EX

2:
0.
1
m
g.
kg

−
1
.m

in
−
1
iv

in
fu
si
on

pr
op

of
ol

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Pa
ti
en

t
be

ha
v-

io
r
(p
ai
n
or

di
s-

co
m
fo
rt
)
du

ri
ng

th
e
pr
oc

ed
ur
e

Se
da

ti
on

sc
or
e,

ti
m
e
un

ti
ls
ed

a-

ti
on

,
pa

ti
en

t
re
sp
on

se
,
he

m
od

y-

na
m
ic

an
d
re
sp
ir
at
or
y
ef
fe
ct
s,

ne
ed

fo
r
ad

di
ti
on

al
an

es
th
et
ic
,

re
co

ve
ry

ti
m
e,

ne
ed

fo
r
re
sc
ue

A
lf
en

ta
ni
la

nd
ad

ve
rs
e
ev

en
ts

an
d
co

m
pl
ic
at
io
ns
.

Sh
et
ty

1
6

In
di
a

(1
8–
35

)
N
R

15
1

Su
rg
ic
al

re
m
ov

al
of

th
e

th
ir
d
m
ol
ar

N
IB
P,
pu

ls
e

ox
im

et
er

an
d

m
od

ifi
ed

O
A
A
/S

sc
or
e

1:
1.
5
LG

kg
−
1
in
tr
an

as
al

at
om

-

iz
ed

D
EX

2:
In
tr
an

as
al

no
rm

al
sa
lin

e

30
m
in

be
fo
re

th
e
pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Se
da

ti
on

sc
or
e
an

d
pa

in
.

Si
va

su
br
a-

m
an

i3
2
(1
)

In
di
a

(1
8–
40

)
N
R

30
1,

2
M
in
or

or
al

su
rg
er
y

H
R,

SB
P,
D
BP
,

EC
G
,
Sp

O
2
an

d

RR

1:
1
μ
g.
kg

−
1
.h

−
1
in
fu
si
on

D
EX

fo
r

10
m
in

+
0.
5
μ
g.
h−

1
in
fu
si
on

D
EX

2:
0.
05

m
g.
kg

−
1
in
fu
si
on

M
D
Z
+

0.
5
μg

.h
−
1
in
fu
si
on

M
D
Z

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

V
it
al

si
gn

s,
se
da

ti
on

sc
or
e,

pa
in
,

co
gn

it
iv
e
ju
dg

m
en

t,
am

ne
si
a,

pa
ti
en

t
am

bu
la
to
ry

st
at
us

an
d

su
rg
ic
al

w
ou

nd
an

d
ou

tp
ut
.

Si
va

su
br
a-

m
an

i3
2
(2
)

In
di
a

(1
8–
40

)
N
R

60
1,

2
M
in
or

or
al

su
rg
er
y

H
R,

EC
G
,
pu
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to
r

Ti
m
in
g
of

D
EX

in
je
ct
io
n

M
ai
n
ou

tc
om

e
O
th
er

ou
tc
om

es

N
on

in
va

si
ve

SB
P,
D
BP

an
d

M
A
P,
H
R,

RR
,

Sp
O
2
an

d
RS

S

1:
1
μ
g.
kg

−
1
bo

lu
s
(i
f
>
65

yr
,

0.
5
μg

.k
g−

1
)
D
EX

fo
r
10

m
in

+

0.
05

–0
.2

μ
g.
kg

−
1
.m

in
−
1
in
fu
si
on

re
m
if
en

ta
ny

l

2:
0.
05

m
g.
kg

−
1
M
D
Z
(t
it
ra
te
d

sl
ow

ly
w
it
h
1
m
g.
m
L−

1
di
lu
te
d

fo
rm

ul
a)

+
0.
05

–0
.2

μ
g.
kg

−
1
.

m
in

−
1
in
fu
si
on

re
m
if
en

ta
ny

l

Be
fo
re

th
e

pr
oc

ed
ur
e

Ef
fi
ca

cy
an

d

sa
fe
ty

Re
sp
ir
at
or
y
an

d
he

m
od

yn
am

ic

ef
fe
ct
s,

se
da

ti
on

sc
or
e,

re
co

v-

er
y
sc
or
e
an

d
ad

ve
rs
e
ev

en
ts

an
d
co

m
pl
ic
at
io
ns
.

M
az
an

ik
ov

6
0

Fi
nl
an

d
(3
4–
65

)
84

50
1,

2,
3

ER
C
P

H
R,

EC
G
,
RR

,

en
d-
ti
da

lC
O
2
,

Sp
O
2
,
m
od

ifi
ed

O
A
A
/S

sc
or
e

an
d
G
ill
ha

m

sc
or
e

1:
1
μ
g.
kg

−
1
in
fu
si
on

D
EX

fo
r

10
m
in

+
0.
7
μ
g.
kg

−
1
.h

−
1
iv

in
fu
-

si
on

D
EX

2:
N
or
m
al

sa
lin

e
+
30

0
m
L
h−

1

Ri
ng

er
ac

et
at
e

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Pr
op

of
ol

co
ns
um

pt
io
n

Se
da

ti
on

sc
or
e,

se
da

ti
on

su
cc
es
s

ra
te
,
ad

ve
rs
e
ev

en
ts

an
d
co

m
pl
i-

ca
ti
on

s,
vi
ta
ls
ig
ns
,
pa

in
,
re
co

v-

er
y
ti
m
e
an

d
pa

ti
en

t
an

d

ph
ys
ic
ia
n
sa
ti
sf
ac

ti
on

.

M
uk

ho
pa

-

dh
ya

y
6
1

In
di
a

N
R

44
45

1,
2,

3
ER

C
P

BP
,
H
R,

EC
G
,

RR
,
Sp

O
2
,
RS

S

an
d
RA

SS

1:
1
μ
g.
kg

−
1
in
fu
si
on

D
EX

fo
r
7–

10
m
in

+
0.
2–
0.
5
μg

.k
g−

1
.h

−
1

in
fu
si
on

D
EX

fo
r
≥
30

m
in

+

0.
5
m
g
iv

M
D
Z
+
6
m
g
iv

pe
nt
az
o-

ci
ne

+
25

m
g
iv

ke
ta
m
in
e
+

0.
75

−
1
m
g.
kg

−
1
iv

pr
op

of
ol

+
10

–

20
m
g
iv

pr
op

of
ol

as
to
p
up

2:
1
m
g
iv

M
D
Z
+
0.
75

−
1
m
g.
kg

−
1

iv
pr
op

of
ol

+
10

–2
0
m
g
iv

pr
op

o-

fo
la

s
to
p
up

3:
0.
5
m
g
iv

M
D
Z
+
6
m
g
iv

pe
n-

ta
zo
ci
ne

+
25

m
g
iv

ke
ta
m
in
e
+

0.
75

–1
m
g.
kg

−
1
iv

pr
op

of
ol

+
10

–

20
m
g
iv

pr
op

of
ol

as
to
p
up

Be
fo
re

an
d
du

r-

in
g
th
e
pr
oc

e-

du
re
,
bu

t
an

at
te
m
pt

w
as

m
ad

e
to

st
op

th
e
in
fu
si
on

15
–

20
m
in

be
fo
re

th
e
en

d
of

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Se
da

ti
on

sc
or
e,

ef
fi
ca

cy
an

d

ad
ve

rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns
.

M
ul
le
r
6
2

Br
az
il

(2
0–
78

)
26

.9
26

1,
2,
3

ER
C
P

BP
,
H
R,

RR
,
en

d-

ti
da

lC
O
2
,
Sp

O
2

an
d
RA

SS

1:
1.
0
μg

.k
g−

1
bo

lu
s
D
EX

fo
r

10
m
in

+
0.
7
μ
g.
kg

−
1
.h

−
1
iv

D
EX

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l

2:
1.
5
μg

.m
L−

1
C
e
in
fu
si
on

pr
o-

po
fo
l(
ti
tr
at
ed

by
0.
2
μ
g.
m
L−

1

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l)

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Se
da

ti
on

sc
or
e

an
d
re
qu

ir
e-

m
en

t
of

ad
di
-

ti
on

al
se
da

ti
ve

or
an

al
ge

si
c

V
it
al

si
gn

s.

G
as
tr
oe

nt
er
ol
og

ic

pr
oc

ed
ur
e
(n

=

39
)

N
on

ak
a

6
3

Ja
pa

n
(5
2–
86

)
81

.0
3

58
1,

2
G
as
tr
ic

en
do

sc
op

ic
su
bm

u-

co
sa
ld

is
se
ct
io
n

EC
G
,
BP
,
pu

ls
e

ox
im

et
ry
,
ca

p-

no
gr
ap

hy
an

d

m
od

ifi
ed

O
A
A
/S

sc
al
e

1:
6
μ
g.
kg

−
1
.h

−
1
in
fu
si
on

D
EX

fo
r

10
m
in

+
20

m
g
iv

bo
lu
s
pr
op

of
ol

re
pe

at
ed

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l+
0.
5
μ
g.
kg

−
1
.h

−
1
in
fu
si
on

D
EX

+
2
m
g.
kg

−
1
.h

−
1
in
fu
si
on

pr
o-

po
fo
l

2:
20

m
g
iv

bo
lu
s
pr
op

of
ol

re
pe

at
ed

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l+
2
m
g.
kg

−
1
.h

−
1
in
fu
si
on

pr
op

of
ol

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Ph
ys
ic
ia
n

sa
ti
sf
ac

ti
on

Ef
fe
ct
iv
en

es
s
an

d
sa
fe
ty
.

Pa
di
ya

ra
6
4

In
di
a

(1
8–
65

)
87

60
1,

2
D
ru
g-
in
du

ce
d
sl
ee

p

en
do

sc
op

y

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry

an
d

BI
S

1:
1
μ
g.
kg

−
1
bo

lu
s
D
EX

fo
r
10

m
in

+
0.
5–
1.
0
μ
g.
kg

−
1
.h

−
1
in
fu
si
on

D
EX

ti
tr
at
ed

un
ti
ld

es
ir
ed

se
da

-

ti
on

le
ve

l

2:
50

-1
50

μ
g.
kg

−
1
.m

in
−
1
in
fu
si
on

pr
op

of
ol

ti
tr
at
ed

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l

N
R

A
ir
w
ay

ob
st
ru
c-

ti
on

pa
tt
er
n
at

to
ng

ue
ba

se

le
ve

l

A
ir
w
ay

ob
st
ru
ct
io
n
(a
t
ve

lu
m
,

or
op

ha
ry
ng

ea
ll
at
er
al

w
al
l,
an

d

ep
ig
lo
tt
is
),
he

m
od

yn
am

ic
an

d

re
sp
ir
at
or
y
ef
fe
ct
s,

ti
m
e
un

ti
l

su
ffi
ci
en

t
se
da

ti
on

,
re
co

ve
ry

ti
m
e
an

d
ad

ve
rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns
.

Pu
sh
ka

rn
a

6
5

In
di
a

(4
0-
80

)
53

.3
60

2,
3

ER
C
P

H
R,

M
A
P
an

d

Sp
O
2

1:
1
μ
g.
kg

−
1
iv

D
EX

fo
r
10

m
in

+

0.
5
μg

.k
g−

1
.h

−
1
in
fu
si
on

D
EX

2:
0.
05

m
g.
kg

−
1
iv

bo
lu
s
M
D
Z
fo
r

10
m
in

+
in
fu
si
on

no
rm

al
sa
lin

e

N
R

Re
qu

ir
em

en
t
of

pr
op

of
ol

an
d

pa
ti
en

t
an

d

ph
ys
ic
ia
n

co
m
fo
rt
.

Re
co

ve
ry

ch
ar
ac

te
ri
st
ic
s
an

d

pa
ti
en

t
an

d
ph

ys
ic
ia
n

sa
ti
sf
ac

ti
on

.

Ra
m
ki
ra
n

6
6

In
di
a

(1
8–
75

)
57

.3
75

1,
2,
3

ER
C
P

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
er

an
d

BI
S

1:
1
μ
g.
kg

−
1
bo

lu
s
D
EX

+
0.
5
μ
g.

kg
−
1
.h

−
1
in
fu
si
on

D
EX

2:
0.
25

m
g.
kg

−
1
bo

lu
s
ke

ta
m
in
e
+

A
ft
er

pa
ti
en

t

po
si
ti
on

in
g
an

d

To
ta
lp

ro
po

fo
l

co
ns
um

pt
io
n

Re
co

ve
ry

pr
ofi

le
an

d
he

m
od

y-

na
m
ic

pr
ofi

le
.
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Ta
bl
e
1

(C
on

ti
nu

ed
)

N
O
RA

se
tt
in
g

St
ud

y
C
ou

nt
ry

A
ge

(y
r)

M
al
e
(%
)

Sa
m
pl
e

si
ze

A
SA

ph
ys
ic
al

st
at
us

Ty
pe

of
pr
oc

ed
ur
e

M
on

it
or
iz
at
io
n

In
te
rv
en

ti
on

/c
om

pa
ra
to
r

Ti
m
in
g
of

D
EX

in
je
ct
io
n

M
ai
n
ou

tc
om

e
O
th
er

ou
tc
om

es

in
fu
si
on

5
μg

.
kg

−
1
m
in

−
1
in
fu
si
on

ke
ta
m
in
e

3:
Bo

lu
s
no

rm
al

sa
lin

e
+
in
fu
si
on

no
rm

al
sa
lin

e

du
ri
ng

th
e

pr
oc

ed
ur
e

Ta
ki
m
ot
o

6
7

Ja
pa

n
(4
7–
80

)
47

90
N
R

En
do

sc
op

ic
su
bm

uc
os
al

di
ss
ec

ti
on

BP
,
H
R,

Sp
O
2
,

EC
G
an

d
RS

S

1:
3
μ
g
kg

−
1
h−

1
iv

D
EX

fo
r
5
m
in

+

0.
4
μg

kg
−
1
h−

1
iv

D
EX

2:
5
m
g
iv

pr
op

of
ol

+
3
m
g.

kg
−
1
.

h−
1
iv

pr
op

of
ol

3:
0.
1
m
g.
kg

−
1
M
D
Z

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

BP
,
H
R,

Sp
O
2
,
EC

G
,
bo

dy
m
ov

e-

m
en

t,
ad

di
ti
on

al
do

se
s
of

m
id
a-

zo
la
m

an
d
se
da

ti
on

sc
or
e.

Tr
iv
ed

i6
8

In
di
a

(1
8–
40

)
35

.6
90

1,
2

Sh
or
t
su
rg
ic
al

pr
oc

ed
ur
es

N
IB
P,
EC

G
an

d

H
R

1:
0.
5
μg

.k
g−

1
D
EX

in
10

m
L
no

r-

m
al

sa
lin

e
fo
r
10

m
in

+
2
m
g.
kg

−
1

ke
ta
m
in
e

2:
0.
05

m
g.
kg

−
1
M
D
Z
in

10
m
L

no
rm

al
sa
lin

e
fo
r
10

m
in

+
2
m
g.

kg
−
1
ke

ta
m
in
e

3:
10

m
L
no

rm
al

sa
lin

e
fo
r

10
m
in

+
2
m
g.
kg

−
1
ke

ta
m
in
e

Be
fo
re

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

D
el
ir
iu
m
,
he

m
od

yn
am

ic
st
ab

ili
ty

an
d
pa

in
.

W
u
(2
01

4)
C
hi
na

(2
0–
60

)
55

60
1,

2
U
pp

er
ga

st
ro
in
te
st
in
al

en
do

sc
op

y

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry

an
d

RS
S

1:
0.
3
m
g.
kg

−
1
bo

lu
s
D
EX

an
d

1
m
g.
kg

−
1
iv

in
fu
si
on

fe
nt
an

yl

ci
tr
at
e
fo
r
10

m
in

+
0.
2–
0.
3
m
g.

kg
−
1
.h

−
1
in
fu
si
on

D
EX

un
ti
l

de
si
re
d
se
da

ti
on

le
ve

l

2:
0.
05

m
g.
kg

−
1
iv

bo
lu
s
M
D
Z
an

d

1
m
g.
kg

−
1
iv

in
fu
si
on

fe
nt
an

yl

ci
tr
at
e
fo
r
10

m
in

+
0.
01

m
g.
kg

−
1

bo
lu
s
M
D
Z
ev

er
y
2–
5
m
in

un
ti
l

de
si
re
d
se
da

ti
on

le
ve

l

10
m
in

be
fo
re

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Ti
m
e
to

fu
ll
se
da

ti
on

,
re
co

ve
ry

ti
m
e,

ad
ve

rs
e
ev

en
ts

an
d
co

m
-

pl
ic
at
io
ns
,
pa

ti
en

t
sa
ti
sf
ac

ti
on

,

se
da

ti
on

sc
or
e
an

d
pa

in
.

G
as
tr
oe

nt
er
ol
og

ic

pr
oc

ed
ur
e
(n

=

39
)

W
u

6
9

C
hi
na

(1
8–
65

)
40

70
1,

2
Es
op

ha
go

-

ga
st
ro
du

od
en

os
co

py

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry
,
RR

1:
1
μ
g.
kg

−
1
D
EX

+
0.
5
μ
g.
kg

−
1
.

h−
1
in
fu
si
on

D
EX

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l

2:
0.
6
m
g.
kg

−
1
bo

lu
s
pr
op

of
ol

+

10
–2
0
m
g
do

se
s
pr
op

of
ol

un
ti
l

de
si
re
d
se
da

ti
on

le
ve

l

Im
m
ed

ia
te
ly

be
fo
re

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

H
em

od
yn

am
ic
s
an

d
re
sp
ir
at
or
y

ef
fe
ct
s,

se
da

ti
on

sc
or
e,

re
co

v-

er
y
pr
ofi

le
,
ad

ve
rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns

an
d
pa

ti
en

t
an

d

ph
ys
ic
ia
n
sa
ti
sf
ac

ti
on

.

Yi
n
(2
01

9)
C
hi
na

(6
0–
80

)
44

.2
12

0
1,

2,
3

G
as
tr
oi
nt
es
ti
na

le
nd

os
co

py
N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry
,
en

d-

ti
da

lC
O
2
an

d

RS
S

1:
0.
4
μg

.k
g−

1
in
fu
si
on

D
EX

fo
r

5
m
in

+
1
m
g.
kg

−
1
in
fu
si
on

pr
o-

po
fo
lf
or

30
s
+
3–
5
m
g.
kg

−
1
.h

−
1

in
fu
si
on

pr
op

of
ol

2:
0.
1
μg

.k
g−

1
in
fu
si
on

su
fe
nt
an

il

fo
r
5
m
in

+
1
m
g.
kg

−
1
in
fu
si
on

pr
op

of
ol

fo
r
30

s
+
3–
5
m
g.
kg

−
1
.

h−
1
in
fu
si
on

pr
op

of
ol

3:
0.
4
m
g.
m
L−

1
in
fu
si
on

ke
ta
-

m
in
e
fo
r
5
m
in

+
1
m
g.
kg

−
1
in
fu
-

si
on

pr
op

of
ol

fo
r
30

s
+
3–
5
m
g.

kg
−
1
.h

−
1
in
fu
si
on

pr
op

of
ol

4:
N
or
m
al

sa
lin

e
+
1
m
g.
kg

−
1

in
fu
si
on

pr
op

of
ol

fo
r
30

s
+
3–

5
m
g.
kg

−
1
.h

−
1
in
fu
si
on

pr
op

of
ol

Be
fo
re

th
e

pr
oc

ed
ur
e

H
em

od
yn

am
ic

an
d
re
sp
ir
at
or
y

st
ab

ili
ty

Se
da

ti
on

sc
or
e,

to
ta
lp

ro
po

fo
l

co
ns
um

pt
io
n,

re
co

ve
ry

ti
m
e,

ad
ve

rs
e
ev

en
ts

an
d
co

m
pl
ic
a-

ti
on

s
an

d
th
e
us
e
of

ad
di
ti
on

al

m
ed

ic
at
io
ns
.

G
yn

ec
ol
og

y
pr
oc

e-

du
re

(n
=
2)

El
na

bt
it
y

7
0

Sa
ud

i

A
ra
bi
a

(2
5–
38

)
0

52
1,

2
In

vi
tr
o
fe
rt
ili
za
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0.
12

5
m
L.

kg
−
1
.h

−
1
in
fu
si
on

Ke
to
fo
l(
4
m
g

m
L−

1
pr
op

of
ol

an
d
2
m
g.
m
L−

1

ke
ta
m
in
e)

+
in
fu
si
on

no
rm

al

sa
lin

e
(s
am

e
ra
te

as
ke

to
fo
l)

N
R

Ti
m
e
to

re
ac

h

su
ffi
ci
en

t
se
da

-

ti
on

le
ve

l

In
tu
ba

ti
on

ti
m
e
an

d
th
e
nu

m
be

r

of
in
tu
ba

ti
on

tr
ia
ls
,
th
e
nu

m
be

r

of
pa

ti
en

ts
in

ne
ed

of
re
sc
ue

pr
op

of
ol
,
pa

ti
en

t
di
sc
om

fo
rt
,

pa
ti
en

t
to
le
ra
nc

e
to

th
e
pr
oc

e-

du
re
,
co

ug
h
sc
or
e,

vi
ta
ls
ig
ns
,

ad
ve

rs
e
ev

en
ts

an
d
co

m
pl
ic
a-

ti
on

s
an

d
pa

ti
en

t
an

d
ph

ys
ic
ia
n

sa
ti
sf
ac

ti
on

.

G
on

ep
-

pa
na

-v
ar

8
6

In
di
a

(1
8–
70

)
77

.2
57

1,
2,

3
Fl
ex

ib
le

br
on

ch
os
co

py
N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
er
,
H
R,

RR
an

d
RS

S

1:
1
μ
g.
kg

−
1
in
fu
si
on

D
EX

+
bo

lu
s

no
rm

al
sa
lin

e

2:
0.
02

m
g.
kg

−
1
bo

lu
s
M
D
Z
+

in
fu
si
on

no
rm

al
sa
lin

e

10
m
in

be
fo
re

an
d
du

ri
ng

th
e

pr
oc

ed
ur
e

A
co

m
po

si
te

sc
or
e
fo
r
be

st

pa
ti
en

t
to
le
r-

an
ce

an
d

im
pr
ov

ed
fi
be

r-

sc
op

is
t
co

m
fo
rt

w
it
ho

ut

co
m
pr
om

is
in
g

pa
ti
en

t
sa
fe
ty

N
R

G
u

8
7

C
hi
na

N
R

58
.3

63
1,

2
Fl
ex

ib
le

br
on

ch
os
co

py
N
IB
P,
EC

G
,
Sp

O
2

an
d
BI
S

1:
0.
6
μg

.k
g−

1
ne

bu
liz

ed
D
EX

+

10
m
L
ne

bu
liz

ed
2%

lid
oc

ai
ne

2:
0.
6
μg

.k
g−

1
iv

D
EX

+
10

m
L

ne
bu

liz
ed

2%
lid

oc
ai
ne

3:
10

m
L
ne

bu
liz

ed
2%

lid
oc

ai
ne

D
ur
in
g
th
e

pr
oc

ed
ur
e

In
ci
de

nc
e
of

m
od

er
at
e
to

se
ve

re
co

ug
hi
ng

Ra
te

of
gl
ot
ti
s
cl
os
ur
e,

co
m
pl
et
e

ja
w
re
la
xa

ti
on

an
d
lim

b
m
ov

e-

m
en

t,
re
co

ve
ry

ti
m
e
an

d
do

s-

ag
es

of
va

so
co

ns
tr
ic
to
rs

an
d

at
ro
pi
ne

.

Li
ao

8
8

C
hi
na

N
R

62
.2

22
6

N
R

Fl
ex

ib
le

br
on

ch
os
co

py
N
IB
P,
EC

G
,
Sp

O
2

an
d
RS

S

1:
1
μ
g.
kg

−
1
in
fu
si
on

D
EX

fo
r

10
m
in

+
0.
5
μ
g.
kg

−
1
.h

−
1
in
fu
si
on

D
EX

2:
2
m
g
M
D
Z
±
1
m
g
iv

bo
lu
se
s

M
D
Z
(a
s
ne

ed
ed

)

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

M
ea

n
lo
w
es
t

Sp
O
2

Re
sp
ir
at
or
y
an

d
he

m
od

yn
am

ic

ef
fe
ct
s,

pa
ti
en

t
to
le
ra
nc

e
of

pr
oc

ed
ur
e
an

d
co

ug
h
sc
or
es
.

M
a

8
9

C
hi
na

N
R

N
R

60
1,

2
Ra

di
of
re
qu

en
cy

vo
lu
m
e
ti
s-

su
e
re
du

ct
io
n

N
on

in
va

si
ve

M
A
P,
H
R,

EC
G
,

pu
ls
e
ox

im
et
er
,

en
d-
ti
da

lC
O
2
,

RS
S
an

d
BI
S

1:
1.
0
μg

.k
g−

1
in
fu
si
on

D
EX

fo
r

10
m
in

+
0.
7
μ
g.
kg

−
1
.h

−
1
iv

D
EX

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l

2:
1.
5
μg

.m
L−

1
C
e
in
fu
si
on

pr
o-

po
fo
l(
ti
tr
at
ed

by
0.
2
μ
g.
m
l−
1
)

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Se
da

ti
on

sc
or
e,

an
al
ge

si
c

ef
fe
ct
s,

pa
in
,
pa

ti
en

t
to
le
ra
bi
l-

it
y
an

d
sa
ti
sf
ac

ti
on

,
ai
rw

ay

ob
st
ru
ct
io
n
sc
or
e,

co
ns
um

pt
io
n

of
st
ud

y
dr
ug

s,
fi
na

lp
ro
po

fo
lC

e,

ad
ve

rs
e
ev

en
ts

an
d
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e
1

(C
on

ti
nu

ed
)

N
O
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se
tt
in
g

St
ud

y
C
ou

nt
ry

A
ge

(y
r)

M
al
e
(%
)

Sa
m
pl
e

si
ze

A
SA

ph
ys
ic
al

st
at
us

Ty
pe

of
pr
oc

ed
ur
e

M
on

it
or
iz
at
io
n

In
te
rv
en

ti
on

/c
om

pa
ra
to
r

Ti
m
in
g
of

D
EX

in
je
ct
io
n

M
ai
n
ou

tc
om

e
O
th
er

ou
tc
om

es

co
m
pl
ic
at
io
ns

an
d
ne

ed
fo
r
at
ro
-

pi
ne

,
es
m
ol
ol
,
ad

re
na

lin
e
or

re
qu

ir
em

en
t
fo
r
su
pp

le
m
en

ta
l

an
al
ge

si
a.

U
pp

er
ai
rw

ay
pr
oc

e-

du
re

(n
=
11

)

M
ag

az
in
e

9
0

In
di
a

(1
8–
65

)
61

.1
54

N
R

Fl
ex

ib
le

br
on

ch
os
co

py
N
IB
P,
H
R,

RR
,

Sp
O
2
an

d
RS

S

1:
0.
5
μ
g.
kg

−
1
in
fu
si
on

D
EX

fo
r
10

m
in

+
no

rm
al

sa
lin

e

2:
N
or
m
al

sa
lin

e
+
0.
03

5
m
g
kg

−
1

M
D
Z

Be
fo
re

th
e

pr
oc

ed
ur
e

C
om

po
si
te

sc
or
e

(s
ed

at
io
n,

re
sp
i-

ra
to
ry

re
sp
on

se
,

ca
lm

ne
ss
,
fa
ci
al

te
ns
io
n
an

d

ph
ys
ic
al

m
ov

em
en

t)

Pa
in
,
re
sp
ir
at
or
y
an

d
he

m
od

y-

na
m
ic

ef
fe
ct
s,

nu
m
be

r
of

do
se
s

of
re
sc
ue

M
D
Z,

du
ra
ti
on

of
th
e

pr
oc

ed
ur
e,

to
ta
ll
ig
no

ca
in
e

us
ed

,
co

ug
h,

ea
se

of
th
e
pr
oc

e-

du
re

an
d
po

st
pr
oc

ed
ur
al

pa
ti
en

t

re
sp
on

se
.

Ri
ac

hy
9
1

Le
ba

no
n

(1
8–
70

)
52

.5
16

2
N
R

Fl
ex

ib
le

br
on

ch
os
co

py
BP
,
H
R,

RR
,

Sp
O
2
,
EC

G
an

d

en
d-
ti
da

lC
O
2

1:
0.
5
μg

.k
g−

1
iv

in
fu
si
on

D
EX

+

2
m
L
iv

in
fu
si
on

no
rm

al
sa
lin

e

2:
iv

in
fu
si
on

no
rm

al
sa
lin

e
+

10
μg

.k
g−

1
iv

in
fu
si
on

al
fe
nt
an

il

3:
iv

in
fu
si
on

no
rm

al
sa
lin

e
+

2
m
L
iv

in
fu
si
on

no
rm

al
sa
lin

e

5
m
in

be
fo
re

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

Br
on

ch
os
co

py
fe
as
ib
ili
ty
,
se
da

-

ti
on

sc
or
e,

to
le
ra
nc

e
to

th
e
pr
o-

ce
du

re
an

d
ad

ve
rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns
.

Ry
u

9
2

Re
pu

bl
ic

of
Ko

re
a

(1
8–
70

)
66

.7
72

1,
2,

3
Fl
ex

ib
le

br
on

ch
os
co

py
N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry

an
d

m
od

ifi
ed

O
A
A
/S

sc
or
e

1:
0.
5
m
g.
kg

−
1
in
fu
si
on

pr
op

of
ol

+
0.
05

m
L.
kg

−
1
bo

lu
s
D
EX

(4
μg

.

m
L−

1
)
+
0.
1–
0.
5
m
L.
kg

−
1
.h

−
1
in
fu
-

si
on

D
EX

(4
μ
g.
m
L−

1
)

2:
0.
5
m
g.
kg

−
1
in
fu
si
on

pr
op

of
ol

+
0.
05

m
l.
kg

−
1
bo

lu
s
re
m
if
en

-

ta
ny

l(
10

μg
.m

l−
1
)
+
0.
1–
0.
5
m
l.

kg
−
1
.h

−
1
in
fu
si
on

re
m
if
en

ta
ny

l

(1
0
μg

.m
l−
1
)

N
R

In
ci
de

nc
e
of

ox
yg
en

de
sa
tu
-

ra
ti
on

an
d
ox

y-

ge
n
sa
tu
ra
ti
on

tr
en

d

H
em

od
yn

am
ic

ef
fe
ct
s,
co

ug
h

sc
or
e,

pa
ti
en

t
an

d
ph

ys
ic
ia
n
sa
t-

is
fa
ct
io
n,

re
qu

ir
em

en
ts

fo
r
or
al

ca
vi
ty

su
ct
io
n
an

d
in
st
ill
at
io
n
of

to
pi
ca

la
ne

st
he

si
a,

ad
ve

rs
e

ev
en

ts
an

d
co

m
pl
ic
at
io
ns
,
se
da

-

ti
on

sc
or
e,

re
co

ve
ry

ti
m
e,

th
e

ex
pe

ri
en

ce
of

th
e
ph

ys
ic
ia
n,

br
on

ch
os
co

pe
di
am

et
er
s
an

d

pr
oc

ed
ur
e
ty
pe

.

St
-P
ie
rr
e

9
3

C
an

ad
a

(1
8–
75

)
N
R

60
1,

2,
3

En
do

br
on

ch
ia
lU

lt
ra
so
un

d-

G
ui
de

d
Tr
an

sb
ro
nc

hi
al

N
ee

dl
e
A
sp
ir
at
io
n

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry
,
RR

an
d
O
A
A
/S

1:
0.
4
μg

.k
g−

1
iv

bo
lu
s
D
EX

fo
r

10
m
in

+
0.
5–
1.
0
μg

.k
g−

1
.h

−
1

in
fu
si
on

D
EX

2:
0.
5
μg

.k
g−

1
iv

bo
lu
s
re
m
if
en

-

ta
ny

lf
or

10
m
in

+
0.
05

–0
.2
5
μg

.

kg
−
1
m
in

−
1
in
fu
si
on

re
m
if
en

ta
ny

l

D
ur
in
g
th
e

pr
oc

ed
ur
e

N
um

be
r
of

m
aj
or

re
sp
ir
a-

to
ry

ad
ve

rs
e

ev
en

ts
pe

r

pa
ti
en

t

Vo
ca

lc
or
ds

m
ov

em
en

t,
th
e
to
ta
l

do
se

of
en

do
tr
ac

he
al

lid
oc

ai
ne

,

se
da

ti
on

sc
or
e,

pa
in
,
am

ne
si
a,

pa
ti
en

t
an

d
ph

ys
ic
ia
n
sa
ti
sf
ac

-

ti
on

,
di
sc
ha

rg
e
co

nd
it
io
ns
,

cu
m
ul
at
iv
e
do

se
s
of

va
so
pr
es
-

so
rs

ad
m
in
is
te
re
d
an

d
ad

ve
rs
e

ev
en

ts
an

d
co

m
pl
ic
at
io
ns
.

W
u

9
4
(1
)

Ta
iw

an
N
R

38
.8

80
1,

2,
3

Fl
ex

ib
le

br
on

ch
os
co

py
N
IB
P,
EC

G
,
H
R,

Sp
O
2
,
ca

pn
og

ra
-

ph
y
an

d
ab

do
m
-

in
al

w
al
la

nd

ch
es
t
ex

cu
rs
io
ns

1:
0.
7
μg

.k
g−

1
bo

lu
s
D
EX

fo
r

10
m
in

+
0.
07

μg
.k
g−

1
.h

−
1
in
fu
-

si
on

D
EX

2:
1
m
g
bo

lu
s
M
D
Z
±
1
m
g
bo

lu
s

M
D
Z
re
pe

at
ed

un
ti
ld

es
ir
ed

se
da

ti
on

le
ve

l

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Sa
fe
ty

pr
ofi

le
Re

co
ve

ry
pr
ofi

le
,
ph

ys
ic
ia
n
an

d

pa
ti
en

t
sa
ti
sf
ac

ti
on

an
d
po

st
-

pr
oc

ed
ur
al

ev
en

ts
.

Yu
an

9
5

C
hi
na

(2
0–
75

)
49

10
0

1,
2,

3
Fl
ex

ib
le

Br
on

ch
os
co

py
N
IB
P,
EC

G
an

d

Sp
O
2
an

d
m
od

i-

fi
ed

O
A
A
/S

sc
or
e

1:
1
μ
g.
kg

−
1
bo

lu
s
D
EX

fo
r
12

m
in

+
0.
5
μg

.k
g−

1
.h

−
1
in
fu
si
on

D
EX

2:
2–
4
μg

.m
L−

1
C
e
in
fu
si
on

pr
op

of
ol

N
R

M
ea

n
Sp

O
2
an

d

he
m
od

yn
am

ic

ef
fe
ct
s

C
ou

gh
,
di
sc
om

fo
rt
,
w
ill
in
gn

es
s

to
re
pe

at
pr
oc

ed
ur
e,

se
da

ti
on

sc
or
e,

du
ra
ti
on

of
pr
oc

ed
ur
e
an

d

re
co

ve
ry

ti
m
e.

U
ro
lo
gi
c
pr
oc

ed
ur
e
(n

=
9)

A
kç
a

9
6

Tu
rk
ey

(1
8–
75

)
N
R

75
1,

2
C
ys
to
sc
op

y
N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry

an
d

RS
S

1:
1
μ
g.
kg

−
1
D
EX

2:
25

0
μ
g.
kg

−
1
iv

ke
ta
m
in
e

3:
no

rm
al

sa
lin

e

5
m
in

be
fo
re

th
e
en

d
of

th
e

pr
oc

ed
ur
e

N
o
cl
ea

r

de
fi
ni
ti
on

C
RB

D
,
pa

ti
en

t
sa
ti
sf
ac

ti
on

an
d

po
st
op

er
at
iv
e
pa

in
,
se
da

ti
on

sc
or
e
an

d
ad

ve
rs
e
ev

en
ts

an
d

co
m
pl
ic
at
io
ns
.

A
lh
as
he

m
i

9
7

Sa
ud

i

A
ra
bi
a

(1
8–
60

)
N
R

60
1,

2
ES

W
L

N
IB
P,
EC

G
,
pu

ls
e

ox
im

et
ry
,
A
A
I

an
d
O
A
A
/S

sc
or
e

1:
1
μ
g.
kg

−
1
iv

D
EX

fo
r
10

m
in

+

0.
5
μg

.k
g−

1
.h

−
1
in
fu
si
on

D
EX

+

2
m
g.
hr

−
1
in
fu
si
on

m
or
ph

in
e
+

2
m
g
PC

A
m
or
ph

in
e
(1

ev
er
y

5
m
in
)

2:
1.
5
m
g.
kg

−
1
iv

tr
am

ad
ol

pr
e-

m
ix
ed

w
it
h
30

μ
g.
kg

−
1
M
D
Z
fo
r

10
m
in

+
in
fu
si
on

no
rm

al
sa
lin

e
+

Be
fo
re

an
d
du

r-

in
g
th
e

pr
oc

ed
ur
e

Pa
ti
en

t's
pa

in

(V
A
S
sc
al
e)

V
it
al

pa
ra
m
et
er
s,

se
da

ti
on

sc
or
es
,
re
co

ve
ry

sc
or
e
(T
D
T)
,

pa
ti
en

t
an

d
ph

ys
ic
ia
n
sa
ti
sf
ac

-

ti
on

,
th
e
to
ta
ld

os
e
of

an
al
ge

si
c

us
ed

,
nu

m
be

r
of

PC
A
de

m
an

d,

nu
m
be

r
of

sh
oc

kw
av

es
de

liv
-

er
ed

,
sh
oc

kw
av

e
in
te
ns
it
y
an

d

re
co

ve
ry

ti
m
e.
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C
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M
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n
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ra
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r

Ti
m
in
g
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D
EX

in
je
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io
n

M
ai
n
ou

tc
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TaggedEnd Table 2 DEX compared to comparator in NORA.

Outcomes N° of paripants
(studies) follow up

Certainty of the
evidence (GRADE)

Relative effect (95% CI) Anticipated absolute effects

Risk with
comparator

Risk difference
with DEX

Time until full
recovery

2052 (32 RCTs) ⨁⨁x̂x̂ Lowa − MD 1.73 minutes higher (0.34 higher to 3.13
higher)

Hypotension 2274 (33 RCTs) ⨁⨁⨁⨁ Highd OR 1.89 (1.43 to 2.48) 78 per 1000 60 more per 1000
(30 more to 95
more)

Bradycardia 1521 (21 RCTs) ⨁⨁⨁⨁ Highd OR 3.60 (2.29 to 5.67) 128 per 1000 218 more per 1000
(124 more to 327
more)

Desaturation 1394 (16 RCTs) ⨁⨁⨁x̂ Moderated OR 0.44 (0.21 to 0.91) 87 per 1000 47 fewer per 1000
(67 fewer to 7
fewer)

Nausea 1643 (25 RCTs) ⨁⨁⨁x̂ Moderatec OR 1.06 (0.72 to 1.56) 84 per 1000 5 more per 1000
(22 fewer to 41
more)

Pain/Discomfort (52 RCTs) ⨁x̂x̂x̂ Very lowb,c 42.6% studies reported better control
42.6% studies reported similar control
7.7% reported insufficient control of pain/discomfort with DEX

Amnesia and
awareness of
the procedure

(9 RCTs) ⨁x̂x̂x̂ Very lowb,c 55.6% found no difference
44.4% studies reported inferior amnesic effects

Physician
satisfaction

(35 RCTs) ⨁x̂x̂x̂ Very lowb,c 42.8% studies reported higher physician satisfaction
42.8% studies reported no differences
10.9% studies reported lower satisfaction

Patient
satisfaction

(48 RCTs) ⨁x̂x̂x̂ Very lowb,c 33.3% studies reported higher patient satisfaction
58.3% studies reported similar patient satisfaction
8.3% studies reported lower patient satisfaction

Grade of conscious
sedation

(75 RCTs) ⨁⨁x̂x̂ Lowb 34.7% studies reported better sedation profile
28.0% studies reported similar sedation profile
24.0% studies reported lower sedation profile

*The risk in the intervention group (and its 95% Confidence Interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI, Confi-
dence Interval; MD, Mean difference; OR, Odds Ratio; GRADE Working Group grades of evidence; High certainty, We are very confident that the true effect lies close to that of the estimate of
the effect; Moderate certainty, We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substan-
tially different; Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect; Very low certainty: We have
very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.
Explanations:
a There was severe heterogeneity (I2 = 96%), not fully explained by subgroup analysis.
b Heterogeneity in the reporting style.
c Some imprecision exists: Few events and wide confidence intervals.
d Some heterogeneity in the reporting style.
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TaggedFigure

Figure 1 Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages across all included
studies. TaggedEnd

TaggedEndF.J. Fonseca, L. Ferreira, A.L. Rouxinol-Dias et al.
TaggedPPain/Discomfort TaggedEnd
TaggedPOverall, 52 studies evaluated pain or discomfort as out-
comes: 27 studies evaluated pain or discomfort during the
procedure, 9 during recovery time, and 16 during both peri-
ods. The full description of pain definition and measurement
can be found in Appendix III. The pain outcome measure
most frequently used in the 52 eligible studies was the VAS
score (0 no pain − 10 worst pain). TaggedEnd

TaggedPRegarding the analgesic properties of DEX, 42.6% studies
reported better pain/discomfort control with
DEX.16,51,106,107,68,24,89,36,43,44,99,22,54,73,80,57,105,39,83,101,
97,70,102 42.6% studies reported similar analgesic effects with
DEX, when compared with other drugs 15,90,108,78,23,25,81,

109,95,96,19,52,27,33,35,92,46,85,75,37,93,31,50; and 7.7% reported
insufficient analgesia with DEX.20,65,104,60TaggedEnd

TaggedPReporting of pain outcomes were mostly presented as
repeated measures during procedure time, either presented
as graphic evolution of pain score or in tables for different
time sets. Due to this heterogeneity in the reporting style,
no metanalysis was performed for this outcome 112. TaggedEnd

TaggedPAmnesia and awareness of the procedure TaggedEnd
TaggedPThe ability to produce amnesia of the procedure was evalu-
ated in 9 studies, using different methods of measurement
and different reporting styles, therefore, no metanalysis
was performed for this outcome (Appendix III).TaggedEnd

TaggedPAmnesic effects were inferior in DEX groups in 44.4% of
studies.28,108,23,35 However, in Togawa et al. 35, this differ-
ence was not statistically significant. The other studies
(55.6%) found no difference in amnesic effects. It is impor-
tant to note that midazolam was used in both the DEX group
and the control group in 2 of these studies, 27,29 while St-
Pierre et al. 93 compared DEX to remifentanil. Taniyama
et al. 33 did not evaluate intraoperative recalling, and
Hiwarkar et al. 17 did not perform statistical analyses. TaggedEnd

TaggedPPhysician satisfaction TaggedEnd
TaggedPOverall, 35 studies evaluated physician satisfaction as an
outcome. Every study used a different method to evaluate
this outcome, for example, a VAS scale (0 being most unsat-
isfactory and 100 being most satisfactory),61,63 NRS scale
score (0 being least satisfied and 10 being most satisfied)
23,36 or a satisfaction score (4 = excellent, 3 = good, 2 = fair,
and 1 = bad), 65,71,46,47,94 among others. Akarsu et al.,38 Can-
diotti et al. 18 Mazanikov et al.,60 Ren et al. 81 and Ryu et al.
656
TaggedEndTaggedP

92 did not report the scale applied. Due to this heterogeneity
in the reporting style, no metanalysis was performed for this
outcome. TaggedEnd

TaggedPMost of the studies reported a statistically significant
higher physician satisfaction with DEX (n = 15; 42.8%), when
compared to the control group, 61,65,30,71,36,98,43,52,

63,73,58,18,97,37,94 or did not report any statistically significant
difference between both groups (n = 15; 42.8%).23,81,69,38,44,
56,104,54,35,53,29,72,39,75,47 A few studies (n = 6; 10.9%)
reported a statistically significant higher physician satisfac-
tion in favor of the control group.30,78,92,46,85,45 TaggedEnd

TaggedPPatient satisfaction TaggedEnd
TaggedPIn total, 48 studies evaluated patient satisfaction as an out-
come. The scales used were very different and included, for
example, VAS score 10 cm,61,89,69,54,35,57,58,29,75,26 a
questionnaire,109,74,34,45 a 7-point Likert scale 30,56,97,70,60 or
a satisfaction score (4 = excellent, 3 = good, 2 = fair, and
1 = bad),65,71,46,47,94 among others. Candiotti et al. 18

applied the Iowa Satisfaction with Anesthesia Scale. Akarsu
et al.,38 Amri et al. 39 Mishra et al. 28 and Ren et al. 81 did
not report the scale applied. Due to this heterogeneity in
the reporting style, no metanalysis was performed for this
outcome. TaggedEnd

TaggedPMost of the studies did not report any statistically signifi-
cant difference in patient satisfaction between the groups
studied (n = 28; 58.3%).61,78,41,23,25,81,36,38,96,43,56,
35,73,53,58,92,74,29,39,85,75,26,37,60,47,93,79,94 However,
33.3% (n = 16) reported a statistically significant higher
patient satisfaction with DEX, when compared with the con-
trol group,28,65,30,71,89,109,98,44,52,22,54,57,18,34,97,70 and
8.3% (n = 4) studies reported a statistically significant higher
patient satisfaction in favor of the control group.69,104,46,45 TaggedEnd

TaggedPGrade of conscious sedation TaggedEnd
TaggedPOf the included studies, 75 evaluated the grade of sedation
acquired during the procedure. The method used for access-
ing adequate sedation was not consistent and the different
methods used can be found in summary in Appendix III. TaggedEnd

TaggedPOverall, the majority of the studies (62.6%) reported
either a better sedation profile with DEX groups, with higher
achievement of the desired level of sedation for the proce-
dure (n = 26) 15,86,107,32,82,41,23,36,109,38,96,19,99,54,77,67,

35,73,80,57,58,92,101,70,37,60; or no difference at all when com-
pared to the control groups (n = 21).48,51,28,61,24,69,111,95,43,



TaggedFigure

Figure 2 Forest plot of comparison: Time until recovery by control. TaggedEnd
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TaggedEndTaggedP

52,55,53,74,105,72,97,46,26,76,93,102 Twenty four percent of stud-
ies reported DEX regimens as either insufficient for adequate
sedation during the procedure or as having a higher demand
for rescue medication 16,20,64,106,59,89,110,40,44,56,104,

22,42,18,85,91,31,45; 13.3% studies did not compare the grade of
sedation between different regimens.17,90,108,88,27,33,62,50,79 TaggedEnd

TaggedPReporting of the grade of conscious sedation is generally
presented as repeated measures during procedure time,
with different methods of evaluation, leading to heteroge-
neity in the evaluation method and the characteristics of
the outcome (repeated measures). As such, no metanalysis
was performed for this outcome. TaggedEnd

TaggedPHemodynamic complications and adverse events TaggedEnd
TaggedPThe hemodynamic stability of the patient during the NORA
procedure was one of the most reported outcomes,
657
TaggedEndTaggedPespecially in terms of Blood Pressure (BP) and Heart Rate
(HR) alterations. However, the definitions of hypotension
(n = 53 studies), hypertension (n = 8 studies), bradycardia
(n = 47 studies) and tachycardia (n = 8 studies) varied among
studies. TaggedEnd

TaggedPRegarding hypotension, definitions used varied from
alterations in the Mean Arterial Pressure (MAP) or Systolic BP
(SBP) to define this outcome, although the cut-off varied. A
meta-analysis was computed for RCTwith comparable defini-
tions (including subgroup analysis for different settings),
shown in TaggedEnd

TaggedPFig. 3 (see also Appendix V). Dexmedetomidine sedation
was associated with a significantly higher incidence of hypo-
tension than the other sedatives (OR = 1.95 [1.25, 3.05],
p = 0.003, I2 = 39%), and there were significant differences in
the effect of DEX between subgroups (p = 0.02). TaggedEnd
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Figure 3 Forest plot of RCTs reporting hypotension with subgroup analysis by setting. TaggedEnd

TaggedEndF.J. Fonseca, L. Ferreira, A.L. Rouxinol-Dias et al.
TaggedPConcerning changes in HR, bradycardia was generally
defined by HR cut-offs, differing from absolute changes to
relative ones in relation to baseline (further details in
Appendix III), except for Khalil et al., that defined bradycar-
dia as the need for synchronized cardioversion or defibrilla-
tion, use of cardiopulmonary resuscitation and emergency
extracorporeal circulation. TaggedEnd

TaggedPA meta-analysis was computed for RCTs considering bra-
dycardia from HR < 40 to HR < 60 bpm, or < 20%−25% from
baseline, shown in Figure 4 (see also Appendix V). Dexmede-
tomidine sedation was associated with a significantly higher
incidence of bradycardia than in control groups (OR = 3.60
658
TaggedEndTaggedP[2.29, 5.67], p < 0.00001, I2 = 0%), independently of the def-
inition used for bradycardia. TaggedEnd

TaggedPOverall, tachycardia and hypertension did not occur dur-
ing the procedure. When they did, the difference between
the study groups was not statistically significant.111,95,2,92 TaggedEnd
TaggedPRespiratory complications and adverse events TaggedEnd
TaggedPReporting the involvement of the respiratory system was one
of the major outcomes studied, however, there was not a
consistent definition for respiratory depression. A total
of 13.4% of studies did not define respiratory depression but
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Figure 4 Forest plot of comparison of RCT reporting bradycardia incidences (defining bradycardia as HR < 40 to HR < 60 bpm, or <
20%−25% from baseline). TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 641−664
TaggedEndTaggedPreported major respiratory events, such as desaturation,
coughing, bradypnea, apnea, and aspiration pneumonia. TaggedEnd

TaggedPA meta-analysis of the studies that reported desatura-
tion < 90% or < 92% (either as an outcome itself or as an indi-
cator of respiratory depression with respective data
exclusive to desaturation incidence) was computed. Signifi-
cant lower incidence of desaturation was found (OR = 0.40
[0.25, 0.66], p = 0.0003), but with heterogeneity between
studies (I2 = 60%), not completely explained by setting (p-
value for subgroup differences = 0.26, I2 = 23.4%), nor com-
parator (p-value for subgroup differences = 0.65, I2 = 0%;
with only the placebo and propofol control group achieving
I2 < 50%) (Fig. 5 and Appendix V). Five studies reported inci-
dence and severity of coughing, using different tools for
measurement.90,109,111,95,85TaggedEnd
TaggedPNausea TaggedEnd
TaggedPA post hoc analysis of 26 RCT reporting the incidence of nau-
sea, as an adverse outcome, was performed. Overall, no dif-
ferences were found in the incidence of nausea with DEX,
compared to control groups (OR = 1.06 [0.72, 1.56], I2 = 3%). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPOur results support the evidence that DEX produces effec-
tive sedative, analgesic, and hypnotic effects, without respi-
ratory depression.6,7 These characteristics enhance patient's
and physician’s satisfaction with DEX.6 Kinugasa et al. 54

reported also an interaction of the use of DEX with the diffi-
culty of the procedure in the correlation between physi-
cians, especially when considering gastroenterology
endoscopic procedures, with increased endoscopist satisfac-
tion with DEX in higher difficulty cases compared to the pla-
cebo group, but with similar endoscopist satisfaction
between groups in lower difficulty procedures. TaggedEnd
659
TaggedPThere are insufficient data to determine a conclusion on
DEX dose and method of administration for NORA. Most of
the studies used a strategy of an intravenous (IV) bolus
of 0.4 to 1 mg.kg�1 followed by continuous perfusion of 0.1
−0.5 mg.kg�1.h�1. As reported in this review, DEX is often
associated with bradycardia, as a consequence of its central
sympathetic blockage, an effect that is more evident with
continuous infusions (compared to single boluses).7 There is
also a concern about the higher risk of hypotension with
DEX. However, this can be suppressed by a slower rate of
intravenous infusion or intranasal administration of DEX,
achieving the same adequate plasma levels without the
prejudicial high peak plasma level.6,15−17,41,24 More studies
are needed comparing the type of DEX administration (IV
boluses alone or followed by infusion vs. intranasal) and
additive effect with ketamine (considering the merge of sed-
ative and analgesic effects and the different directions in
hemodynamic effects, keeping the beneficial respiratory
safety profile). TaggedEnd

TaggedPIn this review, we intended to carry out an extended anal-
ysis and description of the existing evidence on the effects
of DEX on sedation in NORA for adults, therefore, many dif-
ferent settings of NORA were considered: burn unit, dental,
gastrointestinal, gynecological, hemodynamic lab, invasive
radiology, neuroradiology, orthopedical, psychiatric unit,
urological, vascular, and upper airway procedure setting.
This scope allowed for a transversal perspective to different
configurations and different sedation protocols (compara-
tive drugs) that can be communicated in NORA. TaggedEnd

TaggedPDespite bringing a holistic and global view, it also
involved greater complexity in the analysis and review of
results, considering that different configurations mean dif-
ferent stimuli and different levels of desirable sedation.
Added to this complexity, considerable heterogeneity was
noted, with at least 15 different domains being used as pri-
mary and secondary outcome measures in the included stud-
ies. The most frequent efficacy outcomes reported were
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Figure 5 Forest plot of comparison: Desaturation by the comparator.TaggedEnd

TaggedEndF.J. Fonseca, L. Ferreira, A.L. Rouxinol-Dias et al.
TaggedEndTaggedPsedation level (evaluated in 82 studies) and the most fre-
quent adverse outcomes reported were hemodynamic
adverse reactions − hypotension (evaluated in 61 studies)
and bradycardia (evaluated in 53 studies). There was also
variation in outcome definition and measurement as
reported in III. Heterogeneity was explored with subgroup
analysis for setting and comparator/control intervention. A
significant difference was found for control intervention sub-
group analysis in time to recovery (although all subgroups
presented significant heterogeneity) and a tendency was
found for the same analysis in hypotension incidence (com-
parison with placebo and midazolam had low heterogeneity,
with the first presenting significant lower incidence of hypo-
tension). We also found significant differences among set-
tings for the same outcomes. In time to recovery, all settings
presented significant heterogeneity, but no heterogeneity
was found in hypotension incidence for airway procedure,
dental procedures, hemodynamic lab, invasive radiology,
and vascular procedures settings, with a significant increase
of hypotension incidence found in dental procedures and
hemodynamic lab settings. TaggedEnd

TaggedPOverall, the included studies were at low risk of bias. The
highest risk bias was found for participant and staff blinding
(performance bias) as well as incomplete outcome data.
Considering the high heterogeneity found from the outcomes
reviewed, only hypotension, bradycardia, desaturation,
660
TaggedEndTaggedPnausea, and time until full recovery could be considered for
meta-analysis. Of these outcomes, high certainty of the evi-
dence was found for a higher incidence of hypotension
(OR = 1.89) and bradycardia (OR = 3.60) with DEX, moderate
certainty of the evidence for lower desaturation incidence
and nausea and, time until full recovery was found to
be 1.73 minutes longer with DEX but with low certainty due
to severe inconsistency and suspected publication bias.
Newman et al. 113 reported a safe discharge time after pro-
cedural sedation of 30 minutes. An increase of time-to-dis-
charge of 1.73 would only increase discharge time by
about 6%. TaggedEnd

TaggedPAlmost 10 years ago, the World SIVA International Seda-
tion Task Force proposed standardized definitions and termi-
nology for adverse events during procedural sedation, to
increase comparability of outcomes not only in monitoring
clinical practice but also as a research tool. Although the
world SIVA adverse sedation event-reporting tool is being
applied in clinical practice across the globe,114 none of the
included studies used this tool. New standards for definitions
and use of outcome measures for clinical effectiveness
research in procedural sedation are therefore needed. TaggedEnd

TaggedPExploring specific efficacy and safety in different proce-
dures might be of interest in the future, allowing for tar-
geted procedure recommendations. Further research is
warranted to include the use of DEX in the following



TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 641−664
TaggedEndTaggedPprocedures not evaluated in this review: labor, intubation
and awake fibroscopy, endoscopic sinus surgery, chronic and
postoperative pain, orthopedic surgery (especially in the
elderly), and awake neurosurgery.TaggedEnd

TaggedPThis was an extensive systematic review exploring time
until recovery and side effects of DEX only or DEX associated
with other sedatives, in several different NORA settings for
adults' procedures, in comparison to other sedative pharma-
cological strategies, intending to summarize existing evi-
dence generalizable to different usual procedural sedation
and analgesia practices. Although it is advantageous to have
such a comprehensive summary of the existing evidence of
the use of DEX in NORA, this diversity of contexts and com-
parators is a synthesis challenge. In addition to this diversity,
the heterogeneity in the definition and reporting of out-
comes limited the meta-analysis for many of the considered
outcomes. Furthermore, most of the studies included were
classified as having an unclear or high risk of bias. As such,
the effects measured may be affected by this bias. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPThis systematic review and meta-analysis demonstrated that
the use of DEX in NORA procedures in the adult population
was associated with similar or better pain and discomfort
control, similar or higher physician and patient satisfaction
in the majority of the included studies, similar or better
sedation profile, with lower incidence of amnesia in 40% of
the included studies and 55% lower risk of desaturation <
90%−92%, with a tendency for a longer time to recovery of
about 2 minutes (but not exceeding 4 minutes), but with a
higher incidence of hypotension and bradycardia. Consider-
ing the hemodynamic effects associated with DEX, its admin-
istration must be monitored and managed by a trained
professional in cardiac life support 4,115 and this physician
should only be responsible for the sedation.4 TaggedEnd
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Objective: This meta-analysis aimed to compare the efficacy and safety of dexmedetomidine
and clonidine as an adjuvant to local anesthetics in BPBs.
Methods: Two investigators independently searched databases to identify all RCTs comparing
the efficacy and/or safety of dexmedetomidine and clonidine as an adjuvant to local anesthetics
in BPBs. All outcomes were pooled using the inverse variance method with a random-effect
model. An I2 test was used to assess heterogeneity. The source of heterogeneity was explored
through meta-regression. The quality of the evidence was assessed using the GRADE approach.
Results: Out of 123 full texts assessed, 24 studies (1448 patients) were included in the analysis.
As compared to clonidine, dexmedetomidine groups showed significantly longer sensory block
duration (MD = 173.31; 95% CI 138.02‒208.59; I2 = 99%; GRADE approach evidence: high); motor
block duration (MD = 158.35; 95% CI 131.55‒185.16; I2 = 98%; GRADE approach evidence: high),
duration of analgesia (MD = 203.92; 95% CI 169.25‒238.58; I2 = 99%; GRADE approach evidence-
high), and provided higher grade quality of block (RR = 1.97; 95% CI 1.60‒2.41; I2 = 0%; GRADE
approach evidence: moderate). The block positioning technique (regression coefficient: 51.45,
p = 0.005) was observed as a significant predictor of the heterogeneity in the case of sensory
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TaggedEndTaggedPblock duration. No significant difference was observed for the risk of hypotension (RR = 2.59; 95%
CI 0.63‒10.66; I2 = %).
Conclusion: Moderate to high-quality evidence suggests dexmedetomidine is a more efficacious
adjuvant to local anesthetic in BPBs than clonidine.
© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPBrachial Plexus Blocks (BPBs) are a type of regional
nerve block used to provide anesthesia for conducting
surgery on upper limbs and to extend analgesia in the
postoperative period.1 Lignocaine and bupivacaine are
the commonly used local anesthetics in BPBs. The adju-
vant medications are added with the local anesthetic to
enhance the quality and efficacy of regional techniques.
They work synergistically to quicken the onset, increase
the duration of analgesia, improve the quality of analge-
sia, and limit potential medication-related adverse
events. The novel adjuncts used in practice are opioids
(morphine, tramadol, fentanyl, sufentanil, and alfenta-
nil), epinephrine, bicarbonate, neostigmine, and alpha-2
agonists.2 Clonidine and dexmedetomidine are the
alpha-2 adrenergic receptor agonists that have been the
focus of interest because of their sedative, analgesic,
perioperative sympatholytic, and cardiovascular stabiliz-
ing effects with reduced anesthetic requirements.3,4

These pharmacologic properties have been employed
clinically to achieve the desired effects in regional
anesthesia.5,6 TaggedEnd

TaggedPEarlier meta-analyses mainly assessed the adjuvant
effect of dexmedetomidine as compared to local anes-
thetic alone in various peripheral nerve block proce-
dures.7-13 Limited information is available for the
comparative effect of dexmedetomidine and clonidine.
An earlier meta-analysis of 14 Randomized Controlled Tri-
als (RCTs) compared the adjuvant effect of dexmedeto-
midine with clonidine in supraclavicular nerve block. The
authors explored the source of heterogeneity for the sen-
sory block duration outcome using block localization
techniques and doses of dexmedetomidine and clonidine.
However, they could not find heterogeneity modifiers due
to the small sample size. The authors did not explore the
type of local anesthetic as a source of heterogeneity.14

Subsequently, no large scale RCTs were published com-
paring dexmedetomidine with clonidine in BPBs. In this
updated meta-analysis, we compared the efficacy and
safety of dexmedetomidine with clonidine as an adjuvant
to local anesthetic in BPB, explored the source of hetero-
geneity through meta-regression, and assessed the qual-
ity of evidence for sensory, motor, and analgesic
outcomes. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThe meta-analysis was registered on The International Pro-
spective Register of Systematic Reviews (PROSPERO) ‒
CRD42021249436. TaggedEnd
666
TaggedH2Study identification TaggedEnd

TaggedPTwo investigators independently systematically searched the
databases: the Cochrane Library, PubMed, PubMed Central,
Scopus, LILACS, Google Scholar, Trial registries (clinicaltrial.
gov), bibliographies of relevant reviews and systematic
reviews. The search terms were: (clonidine and dexmedeto-
midine) AND (nerve block OR plexus Block OR upper limb
block OR lower limb block OR block)) AND (local anesthesia
OR bupivacaine OR lignocaine OR lidocaine OR ropivacaine.
The last search was run on September 22, 2021. There were
no language and time restrictions to include the published
articles. Titles, abstracts, and full articles (if required) were
assessed for deciding the eligibility of retrieved articles. Any
disagreements were resolved by discussion and consensus
among the authors. TaggedEnd
TaggedH2Selection criteria of studiesTaggedEnd

TaggedPAll RCTs (open-labelled or blinded) comparing the efficacy
and/or safety of dexmedetomidine and clonidine as an adju-
vant to local anesthetic in BPBs were included. TaggedEnd

TaggedPThe following studies were excluded: studies administer-
ing clonidine and dexmedetomidine through neuraxial and
other routes (e.g., intravenous administration); studies
using autonomic nerve blocks and interfacial plane blocks;
observational and non-interventional studies, case series,
case reports, review articles; single-arm studies; duplicate
studies, retracted articles, studies published in predatory
journals. TaggedEnd
TaggedH2Participants/population TaggedEnd

TaggedPThe adult population of more than 18 years of age undergo-
ing upper limb surgery under nerve block and patients
undergoing any BPB techniques (e.g., supraclavicular bra-
chial plexus block) regardless of administration techniques
were included. TaggedEnd
TaggedH2Exclusion criteria TaggedEnd

TaggedPPatients undergoing BPBs along with general anesthesia; and
the pediatric population were excluded. TaggedEnd
TaggedH2Types of interventions and control TaggedEnd

TaggedPDexmedetomidine and clonidine as an adjuvant to local
anesthetic in BPB regardless of dosage, volume, or type of
local anesthetic. TaggedEnd

http://creativecommons.org/licenses/by-nc-nd/4.0/
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TaggedH2Risk of bias assessment of included studiesTaggedEnd

TaggedPTwo investigators assessed the methodological quality of the
included RCTs as per revised Cochrane “risk of bias assess-
ment tool for the randomized controlled clinical trials (ROB-
II)”.15 Each study was assessed for the possibility of risk of
bias in the following five domains: process of randomization,
deviations from the intended interventions, missing out-
come data, outcome measurement, and selection of the
reported results. Each domain was categorized into “low”,
“high” or having “some concerns” in the risk of bias assess-
ment.15 Any disagreements were resolved by discussion and
consensus among the authors. TaggedEnd

TaggedH2Data extraction TaggedEnd

TaggedPThe following data were extracted in a Microsoft Excel
sheet, 2016: first author, publication year, study design,
number of patients in each group, type of surgery, type of
local anesthetic, volume and concentration of local anes-
thetic, method of block localization, analgesic regimen in
the perioperative period, baseline data of study population
in treatment arms (age, gender, American Society of Anes-
thesiologists [ASA] physical status, dose of clonidine and
dexmedetomidine), safety (adverse events) data and inten-
tion to treat analysis. The data were cross-checked to
ensure the accuracy of extraction. TaggedEnd

TaggedH2Efficacy outcomes TaggedEnd

TaggedPThe primary efficacy outcomes were duration of sensory
block, motor block and analgesia. The secondary efficacy
outcomes were onset of sensory and motor block, sensory
block complete, motor block complete, quality of block, res-
cue analgesic requirement, and sedation score. The included
studies defined quality of block using the numeric scale by
Memis et al., 2004: Grade IV 4 (excellent) − patients having
no complaint; Grade 3 (good) − minor complaint that did
not require supplemental analgesics; Grade 2 (moderate) −
complaint that required supplemental analgesics; and Grade
1 (unsuccessful) − patient required general anaesthesia.16 TaggedEnd

TaggedH2Safety outcome TaggedEnd

TaggedPThe safety outcomes were the number of adverse events
between the clonidine and dexmedetomidine groups at the
end of the study period. The analyzed adverse events were
hypotension, bradycardia, and nausea. TaggedEnd

TaggedH2Data synthesis TaggedEnd

TaggedPOutcomes were both continuous and dichotomous variables.
The onset of sensory and motor block, duration of sensory
and motor block, sensory block complete, motor block com-
plete, and duration of analgesia were summarized as a mean
difference (95% CI) of minutes between dexmedetomidine
and clonidine treated patients. Sedation scores were sum-
marized as a Risk Difference (RD) with 95% CI. Rescue anal-
gesia requirement was analyzed using standardized mean
difference (95% CI). Quality of block and adverse events
were summarized as Risk Ratio (RR) with 95% CI. All out-
comes were pooled using the inverse variance method. The
667
TaggedEndTaggedPrandom model (DerSimonian and Laird method) was used to
estimate the meta-analytic summary. In anticipation of sub-
stantial heterogeneity, the random effect model was pre-
ferred over the fixed effect model. The heterogeneity was
assessed using the I2 test. The heterogeneity was considered
as 25% − low; 50% − moderate; and 75% − high. The publica-
tion bias was assessed using asymmetry in funnel plot of the
primary efficacy outcomes and its standard error using
Egger’s regression asymmetry test. TaggedEnd

TaggedPThe sensitivity analyses of primary efficacy outcomes
were performed based on the risk of bias assessment as per
ROB-II tool, type of blinding, type of local anesthetic, and
surgery. In the case of risk of bias assessment, the meta-ana-
lytic summary was estimated by excluding studies showing
“some concern” or “high” risk of bias. The open labelled
studies were excluded in the case of sensitivity analysis
based on the type of blinding. The studies using lidocaine
were excluded in the sensitivity analysis based on the type
of local anesthetic. The studies including emergency surger-
ies were excluded in case of sensitivity analysis based on the
type of surgery. TaggedEnd

TaggedPThe following study characteristics were explored
through meta-regression to identify the possible source of
heterogeneity: local anesthetics (bupivacaine, levobupiva-
caine and ropivacaine), block localization techniques (nerve
stimulator, paresthesia, and ultrasonography guided techni-
ques), and dose ratio of dexmedetomidine and clonidine (<
1 and 1). The studies that compared same doses of dexmede-
tomidine and clonidine were assigned dose ratio of one (e.
g., 1 mg.kg�1 dexmedetomidine and 1 mg.kg�1 of clonidine),
while studies who compared lower doses of dexmedetomi-
dine with higher doses of clonidine were assigned dose ratio
of less than one (e.g., 1 mg.kg�1 dexmedetomidine and 2
mg.kg�1 of clonidine). The univariable meta-regression was
conducted to assess the influence of study characteristics on
the primary efficacy outcomes. The study variables with a
minimum of 4 studies were selected as a moderator for a
univariate meta-regression.17 The study variables showing a
significance level of p < 0.10 were further explored through
multivariable meta-regression.17 The study variable showing
p-value < 0.05 was considered a statistically significant pre-
dictor of heterogeneity in the meta-regression model. TaggedEnd

TaggedPThe Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach was used to assess
the quality of the evidence for all efficacy and outcomes.
The following parameters were used: study limitations,
inconsistency, indirectness of evidence, imprecision, and
publication bias.18 GRADE summary of findings table for all
outcomes were prepared using GRADEpro software.19 TaggedEnd

TaggedPThe meta-analysis was performed through “Review man-
ager software version 5.3” and meta-regression was per-
formed using JASP software 0.14.1.0. TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Study characteristics TaggedEnd

TaggedPA total of 8248 references were retrieved from the literature
search and 123 full-text articles were assessed as per selec-
tion criteria. A total of 24 RCTs were included in the analysis
(Fig. 1).20-43 Among 24 included studies, 21 were double-
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TaggedEndTaggedPblind and 2 were open-label. One study did not specify the
type of blinding.32 The general characteristics of all included
studies are presented in Table 1. All studies used supracla-
vicular brachial plexus block. All studies except one had
enrolled elective surgery patients. Singh et al.38 included
hemodynamically stable patients undergoing emergency sur-
geries. The included studies used bupivacaine (11), ropiva-
caine (09), levobupivacaine (3), and bupivacaine and
lignocaine with adrenaline (1). The localization techniques
used were nerve stimulator (14), paresthesia (7), and ultra-
sonography-guided technique (2). The perioperative analge-
sic regimen is mentioned in Table 1. The demographic
profile and dosage of dexmedetomidine and clonidine
treated patients among included studies are presented in
Supplementary data file (Supplementary Table 1). Twenty
studies compared similar doses of dexmedetomidine and clo-
nidine (1 mg.kg�1 − 16 studies; 50 mg − 2 studies; 2 mg.kg�1

− 1 study; and 0.5 mg.kg�1 − 1 study). Four studies used
lower doses of dexmedetomidine than clonidine (100 mg ver-
sus 150 mg − 3 studies; and 1 mg.kg�1 versus 2 mg.kg�1 − 1
study). All included studies enrolled patients having Ameri-
can Society of Anesthesiologists (ASA) physical status I and
II. TaggedEnd

TaggedH2Risk of bias in included studies TaggedEnd

TaggedPThe risk of bias assessment in individual RCTs is presented in
Supplementary data file (Supplementary Fig. 1). A total ofTaggedFigure
Figure 1 Prisma flow diagram show

668
TaggedEndTaggedP11 studies were considered as having a “low” risk of bias and
13 were considered as having “some concerns”. TaggedEnd

TaggedH2Duration of sensory block TaggedEnd

TaggedPA total of twenty-one studies contributed to the duration of
sensory block data analyses (Fig. 2). Patients treated with
dexmedetomidine showed a significantly longer duration of
the sensory block than those treated with clonidine
(MD = 173.31; 95% CI 138.02‒208.59; I2 = 99%). The GRADE
approach suggested the high quality of evidence for this out-
come (Table 2). No significant asymmetry in the funnel plot
was observed (Egger’s regression asymmetry test: Z = 1.509,
p = 0.131). Sensitivity analysis did not affect this outcome
(Supplementary Table 2). Only block localization technique
was the significant predictor of the heterogeneity in the
case of sensory block duration (Supplementary Table 3). TaggedEnd

TaggedH2Duration of motor block TaggedEnd

TaggedPA total of 23 studies contributed to the duration of motor
block data analyses (Fig. 3). Patients treated with dexmede-
tomidine showed significantly longer duration of the motor
block than those treated with clonidine (MD = 158.35; 95% CI
131.55‒185.16; I2 = 98%; GRADE approach evidence: high).
No significant asymmetry in the funnel plot was observed
(Egger’s regression asymmetry test: Z = 1.123, p = 0.261).
Sensitivity analysis did not affect this outcome
ing the study selection process. TaggedEnd
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TaggedEndV. Bajpai, T.K. Patel, P. Dwivedi et al.
TaggedEndTaggedP(Supplementary Table 2). No factors significantly predicted
the heterogeneity in the case of motor block duration (Sup-
plementary Table 3). TaggedEnd

TaggedH2Duration of analgesiaTaggedEnd

TaggedPA total of 22 studies contributed to the duration of analgesia
data analyses (Fig. 4). Patients treated with dexmedetomi-
dine showed significantly longer duration of analgesia than
those treated with clonidine (MD = 203.92; 95% CI 169.25‒
238.58; I2 = 99%; GRADE approach evidence: high). No signifi-
cant asymmetry in the funnel plot was observed (Egger’s
regression asymmetry test: Z = 1.598, p = 0.110). Sensitivity
analysis did not affect this outcome (Supplementary Table
2). No factors significantly predicted the heterogeneity in
the case of analgesia duration (Supplementary Table 3).TaggedEnd

TaggedH2Onset of sensory blockTaggedEnd

TaggedPA total of 23 studies contributed to the onset of sensory
block data analyses (Supplementary Fig. 2). Patients treated
with dexmedetomidine showed significantly earlier onset of
the sensory block than those treated with clonidine (MD = -
1.58; 95% CI -2.18‒-0.99]; I2 = 97%). The GRADE approach
suggested moderate quality of evidence (Supplementary
Table 4). An I2 of 97% suggested a high degree of between-
trial heterogeneity.TaggedEnd

TaggedH2Onset of motor block TaggedEnd

TaggedPA total of 23 studies contributed to the onset of motor block
data analyses (Supplementary Fig. 3). Patients treated with
dexmedetomidine showed significantly earlier onset of
motor block than those treated with clonidine (MD = -1.46;
95% CI -2.38‒-0.54; I2 = 98%; GRADE approach evidence:
low). TaggedEnd

TaggedH2Sensory block complete TaggedEnd

TaggedPA total of three studies contributed to sensory block com-
plete data analyses (Supplementary Fig. 4). Patients treated
with dexmedetomidine showed significantly earlier onset of
complete sensory blockade than those treated with cloni-
dine (MD = -3.20; 95% CI -4.01‒-2.39]; I2 = 51%). The GRADE
approach suggested low quality of evidence (Supplementary
Table 4). TaggedEnd

TaggedH2Motor block complete TaggedEnd

TaggedPA total of two studies contributed to motor block complete
data analyses (Supplementary Fig. 5). Patients treated with
dexmedetomidine showed significantly earlier onset of com-
plete motor blockade than those treated with clonidine
(MD = -2.75; 95% CI -4.95‒-0.54; I2 = 89%; GRADE approach
evidence: very low). TaggedEnd

TaggedH2Sedation score TaggedEnd

TaggedPA total of two studies contributed to sedation score data
analyses (Supplementary Fig. 6). We found no difference in
sedation score in patients treated with dexmedetomidine
than clonidine. TaggedEnd



TaggedFigure

Figure 2 Meta-analytic summary of the sensory block duration through a random effect model. TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 665−675
TaggedH2Rescue analgesic requirement TaggedEnd

TaggedPTwo studies contributed to rescue analgesic requirement
data analyses (Supplementary Fig. 7). Patients treated with
dexmedetomidine showed significantly less rescue analgesic
requirement than those treated with clonidine (SMD = -1.40;
95% CI -2.44‒-0.35; I2 = 86%). TaggedEnd
TaggedH2Quality of block TaggedEnd

TaggedPA total of five studies contributed to the quality of block
data analyses (Supplementary Fig. 8). Patients treated with
dexmedetomidine showed significantly higher-Grade IV
quality of block than those treated with clonidine (1.97 [95%
CI 1.60‒2.41]; I2 = 0%). An I2 of 0% suggested a low degree of
between-trial heterogeneity. The GRADE approach sug-
gested moderate quality of evidence (Supplementary Table
4) TaggedEnd
TaggedH2Adverse events TaggedEnd

TaggedPA total of two studies contributed to adverse event data
analyses. The meta-analysis was conducted only for hypo-
tension (Supplementary Fig. 9). No significant difference
was observed for hypotension (2.59 [95% CI 0.63‒10.66];
I2 = 0%). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPThis meta-analysis confirms the clinical superiority of dex-
medetomidine over clonidine as an adjunct to local anes-
thetics for BPBs. The GRADE approach analysis suggested
high quality of evidence for the better effect of dexmedeto-
midine over clonidine on the duration of sensory block,
motor block, and analgesia. A similar trend was observed in
the sensitivity analysis. The findings also suggest no signifi-
cant differences in the safety profile between two alpha 2
adrenoreceptor agonists. TaggedEnd
671
TaggedPOur findings suggest that dexmedetomidine prolongs the
duration of sensory (»3 h) and motor block (»2h30) signifi-
cantly as compared to clonidine. The use of dexmedetomi-
dine is also associated with the early achievement of onset
of sensory and motor block as well as complete block com-
pared to clonidine. However, the time difference may not
be clinically significant for the onset and compete block
parameters. The quality of block during the intraoperative
period was found to be better with dexmedetomidine than
clonidine. In an earlier meta-analysis by El-Boghdadly et al.,
dexmedetomidine showed better sensory and motor block
characteristics than clonidine as an adjunct to local anes-
thetic in a supraclavicular block. El-Boghdadly et al. could
not find the significant predictors of heterogeneity in case of
sensory block duration. This may be due to inclusion of only
one study that used ultrasound to locate the supraclavicular
block.14 We observed the block localization technique as a
significant predictor of heterogeneity in the case of sensory
block duration. Block localization techniques are ultra-
sound-guided, nerve stimulator-guided, or paresthesia tech-
niques. The nerve stimulator and paresthesia are the blind
needle placement techniques for PNBs. This increases risk of
too far or too close dispersion of local anesthetics leading to
block failure and nerve injury, respectively.44 Use of more
specific techniques such as ultrasound may result in a better
local anesthetic allocation and influence the duration of sen-
sory block. Ultrasound allows anesthesiologists to visualize
the needle, nerve, and spread of local anesthetic agents.45

Ultrasound facilitates detection of anatomical variations in
the architecture of brachial plexus.46 This minimizes proce-
dure-related pain and complications by reducing multiple
trial-and-error needle attempts.47 In an earlier meta-analy-
sis by Zhang et al., dexmedetomidine showed superior find-
ings for sensory block outcomes and trend to faster onset
and longer duration for motor block outcomes as compared
to clonidine in the case of intrathecal anaesthesia.48 Voro-
beichik et al. conducted a meta-analysis of 32 RCTs compar-
ing the adjuvant effect of dexmedetomidine to local
anesthetic alone in PNBs. The authors observed the superior
effect of dexmedetomidine for motor and sensory blockade
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TaggedEndV. Bajpai, T.K. Patel, P. Dwivedi et al.
TaggedEndTaggedPas well as analgesic outcomes.9 Abdallah et al. observed
superiority of dexmedetomidine as an adjunct to local anes-
thetic over the local anesthetic alone group for the pro-
longation of motor block duration in case of brachial plexus
block. The authors did not observe expedition of the onset
of sensory and motor block effects in case of brachial plexus
block. The outcome was based on 4 RCTs with a total sample
size of 125.7 A small sample size could have missed the sig-
nificant difference. TaggedEnd

TaggedPDexmedetomidine prolongs the duration of analgesia (»3
h) and reduces the requirement of rescue analgesics in com-
parison to clonidine. This is in line with the earlier meta-
analysis suggesting a longer duration of the analgesic effect
of dexmedetomidine in peripheral nerve block or intrathecal
anesthesia as compared to clonidine14,49 or local anesthetic
alone.7-12TaggedEnd

TaggedPOur findings suggest no significant difference in the seda-
tion scores and risk of hypotension between dexmedetomi-
dine and clonidine. We could not evaluate the risk of
bradycardia as only one trial provided the outcome. In an
earlier meta-analysis, El-Boghdadly et al. suggested a signif-
icantly higher risk of perioperative sedation and bradycardia
in patients who received dexmedetomidine than those who
received clonidine.14 Zhang et al. did not observe a differ-
ence in the rate of adverse events among patients treated
with dexmedetomidine and clonidine.49 Abdallah et al.
observed a higher incidence of bradycardia in patients who
received dexmedetomidine for brachial plexus block but
found no difference with intrathecal administration as com-
pared to patients who received local anesthetic alone.7,49 In
a systematic review, Kirksey et al. observed that both cloni-
dine and dexmedetomidine can cause bradycardia and hypo-
tension in higher doses. They should be used cautiously.
However, the authors did not statistically pool the results to
derive a meta-analytic summary.50 All these meta-analyses
had only a few trials in the safety analysis. Our findings
should not be considered confirmatory for absence of risk of
hypotension due to the wide confidence interval and based
on inclusion of only two studies with a total sample of 160
patients. TaggedEnd

TaggedPOur meta-analysis has several limitations. We acknowl-
edge that some of the published literature could have been
missed due to lack of literature search on EMBASE and
CINAHL databases. There was no restriction on the type of
blinding for the RCTs. Two open-labeled studies and one
study with unspecified nature of blinding were included in
our meta-analysis. However, sensitivity analysis on the
exclusion of these trials did not affect the primary out-
comes. A total (of) 13 studies were considered to have
“some concerns” on the risk of bias assessment for the mea-
surement of the outcome. However, sensitivity analysis did
not suggest any difference in the primary outcomes. Our
findings on efficacy outcomes should be interpreted cau-
tiously due to the presence of high statistical heterogeneity.
This could be due to methodological variability among
included studies. The studies differed in terms of type of
surgeries (upper limb and forearm surgeries), doses of dex-
medetomidine and clonidine (absolute [50−150 mg] and
body weight [0.5‒2 mg.kg�1] basis), local anesthetics (types,
volumes and concentration), block localization techniques
(paresthesia, nerve stimulator and ultrasound), scales used
to measure sensory block, motor block and analgesia.



TaggedFigure

Figure 3 Meta-analytic summary of the motor block duration through a random effect model. TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 665−675
TaggedEndTaggedPHowever, these study variabilities are likely to affect degree
of benefits (small versus large effect) rather than direction
of benefits (benefit versus harm). All included studies used
supraclavicular block techniques, and most were conducted
in elective settings. This limits the generalizability of our
findings to other techniques and setup. TaggedEnd

TaggedPIn conclusion, dexmedetomidine quickens the onset
and prolongs the duration of sensory and motor block,
increases the duration of analgesia, and provides higher
grade quality of block in comparison to clonidine. There
was no significant difference in risk of adverse events
between dexmedetomidine and clonidine. Block localiza-
tion techniques are the important study characteristics
affecting sensory block duration outcomes. Use of ultra-
sound may result in a better local anesthetic allocation

TaggedFigure

Figure 4 Meta-analytic summary of the duration
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TaggedEndTaggedPin brachial plexus blocks and influence the duration of
sensory blocks. TaggedEnd
TaggedH1Conflicts of interest TaggedEnd
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TaggedH1Supplementary materials TaggedEnd

TaggedPSupplementary material associated with this article can
be found in the online version at doi:10.1016/j.
bjane.2022.07.005. TaggedEnd
of analgesia through a random effect model. TaggedEnd
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TaggedP16. Memiş D, Turan A, Karamanlio�glu B, Pamukçu Z, Kurt I. Adding
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he  use  of  a noninvasive  positive  pressure  system  to
acilitate tracheal  intubation  in a difficult  pediatric
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Abstract  Patients  with  burns  to  the  head  and  neck  may  be  difficult  to  intubate  or  ventilate  via
facemask. Furthermore,  post-burn  scarring  and  microstomia  may  reduce  the  success  of  rescue
supraglottic  airway  placement.  While  awake  tracheal  intubation  using  a  flexible  intubation
scope is  considered  the  optimal  technique  for  these  patients,  it  may  not  always  be  feasible  in
the pediatric  population.  We  report  a  case  of  successful  management  of  a  difficult  airway  in  a
child with  extensive  post-burn  head  and  neck  deformity  using  a  noninvasive  positive  pressure
system to  aid  with  inhalational  induction  and  deep  sedation  during  intubation  using  a  flexible
scope.
intratracheal;

Burns;
Pediatrics
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irway  anatomy  differs  from  adults  which  can  compli-
ate  difficult  airway  management.  Although  techniques
sing  novel  airway  devices  with  different  technologies  have
mproved  the  safety  and  management  of  pediatric  diffi-
ult  airway,  pediatric  patients  with  a  history  of  head  and
eck  burns  present  unique  challenges  to  anesthesiologists.
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nestesiologia. This is an open access article under the CC BY-NC-ND

https://doi.org/10.1016/j.bjane.2021.03.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2021.03.012&domain=pdf
https://orcid.org/0000-0002-9914-9838
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jsoberon@anest.ufl.edu
https://doi.org/10.1016/j.bjane.2021.03.012
http://creativecommons.org/licenses/by-nc-nd/4.0/


Brazilian  Journal  of  Anesthesiology  2023;73(5):676---679

xten

i
t
s
t
p
i
a
w
c
r

U
b
(
p
t
o
u
a
a
t
c
i
t
A
l
o
i
o
w
a

P
p

C

A
e
p
m
U
w
m
e
s
M
o
l
m

c
a
t
2
t
i
r

Figure  1  Front  and  side  profiles  of  the  patient.  Note  the  e

shed  compliance  of  the  submandibular  space,  and  altered
racheal  position.1  Facial  scarring,  microstomia,  and  neck
carring  are  associated  with  difficulties  with  mask  ventila-
ion,  supraglottic  airway  device  rescue,  and  cricothyrotomy
lacement.1 Because  challenges  in  mask  ventilation  and
ntubation  are  often  encountered  in  this  patient  population,
irway  management  in  these  patients  should  be  approached
ith  caution.  Although  awake  tracheal  intubation  may  be
onsidered  ideal,  an  inhalational  induction  may  be  war-
anted  in  certain  circumstances.1

The  SuperNO2VA  MaskTM (Vyaire  Medical,  Mettawa,  IL,
SA),  a  noninvasive  nasal  positive  pressure  device,  can
e  used  to  provide  Continuous  Positive  Airway  Pressure
CPAP)  during  procedural  sedation.2 It  is  a  flow-dependent
ortable  disposable  mask  applied  to  the  nose  and  maxillae
hat  maintains  airway  patency  and  relieves  upper  airway
bstruction2,3 using  positive  pressure.  The  device  has  been
sed  during  moderate  to  deep  sedation  and  during  induction
nd  intubation  to  prolong  the  safe  apnea  time.3 It  allows
ccess  to  the  mouth  and  has  been  used  during  endoscopic,
ransesophageal  echocardiography,  and  bronchoscopic  pro-
edures.  Although  it  can  also  be  used  to  facilitate  fiberoptic
ntubation,4 there  are  no  reports  of  its  use  during  inhala-
ional  induction  or  pediatric  difficult  airway  management.
t  the  time  of  this  writing,  the  existing  SuperNO2VA  MaskTM

iterature  is  derived  exclusively  from  adults  and  a  search
f  the  published  literature  produced  no  citation  regard-

ng  its  use  in  the  pediatric  population.  We  report  a  case
f  successful  inhalational  induction  and  flexible  intubation
ith  the  aid  of  the  device  on  a  child  with  a  known  difficult
irway.

i
fl
o
d

67
sive  facial,  neck,  and  chest  scarring  as  well  as  microstomia.

The  patient’s  family  provided  written  Health  Insurance
ortability  and  Accountability  Act  (HIPAA)  authorization  to
ublish  this  case  report.

ase description

 13-year-old,  32  kg,  1.4  m  tall  male  with  a  history  of
xtensive  burns  to  the  face,  chest,  and  upper  extremities
resented  for  debridement  of  facial  scalp  wounds,  lip  com-
isuroplasty,  burn  contracture  release,  and  laser  therapy.
pon  arrival  to  the  preoperative  holding  area,  the  patient
as  apprehensive  despite  attempts  at  reassurance  by  his
other  and  members  of  the  perioperative  team.  Physical

xamination  revealed  an  anxious  child  with  extensive  burn
carring,  minimal  mouth  opening  and  neck  extension,  and  a
allampati  IV  airway  (Fig.  1).  He  was  tearful  and  refused
ral  premedication,  attempts  at  intravenous  access,  and
idocaine  nebulization.  He  agreed  to  ‘‘go  to  sleep  with  a
ask’’.
The  patient  was  transported  to  the  operating  room  where

ontinuous  pulse  oximetry,  electrocardiogram  monitoring,
nd  noninvasive  blood  pressure  measurements  were  insti-
uted  while  he  was  in  the  supine  position  with  approximately
0  degrees  of  head  elevation.  Additional  anesthesiology
eam  members  as  well  as  a pediatric  surgeon  with  expertise
n  tracheostomy  placement  were  present  in  the  operating
oom.  The  patient’s  anxiety,  poor  cooperation,  and  lack  of

ntravenous  access  precluded  an  awake  intubation  with  a
exible  scope.  Post-induction  supraglottic  airway  placement
r  videolaryngoscopy  were  not  considered  feasible  options
ue  to  his  approximately  one  finger-breadth  mouth  opening.
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igure  2  Schematic  illustrating  the  application  of  the  Supe
ermission of  Vyaire  Medical.

ecause  of  his  extensive  facial  and  neck  scarring,  difficult
ask  ventilation  was  anticipated.  Given  his  unfavorable  air-
ay  characteristics  and  likelihood  of  difficulty  with  mask
entilation  and  rescue  techniques,  sedation  with  preser-
ation  of  spontaneous  ventilation  during  intubation  with  a
exible  scope  was  deemed  the  most  prudent  approach  ini-
ial  approach.  If  this  was  unsuccessful,  a  discussion  with
he  family  or  surgical  team  would  have  been  warranted  to
etermine  the  appropriateness  of  an  elective  surgical  airway
ersus  awakening  the  patient.  Equipment  for  emergency
racheostomy  was  immediately  available  in  case  a  cannot
ntubate/cannot  ventilate  situation  arose.

The  SuperNO2VA  MaskTM was  then  placed  over  the
atient’s  nose  and  firm  downward  pressure  was  applied
hile  tightening  the  headstrap.  The  anesthesia  machine
reathing  circuit  was  then  attached  to  the  SuperNO2VA
askTM and  10  L.min-1 of  fresh  gas  flow  (air)  was  admin-

stered  (Fig.  2a).  The  Adjustable  Pressure  Limiting  (APL)
alve  was  set  at  10  cm  H2O.  Once  an  airtight  seal  was  con-
rmed  by  observing  the  motion  of  the  reservoir  bag  during

nhalation  and  exhalation,  a  50%  mixture  of  nitrous  oxide
nd  oxygen  was  administered  at  10  L.min-1,  and  sevofluo-
ane  was  gradually  titrated  until  a  state  of  deep  sedation
as  achieved.  Once  peripheral  intravenous  access  was  suc-
essfully  obtained,  inhalational  agents  were  discontinued,
nd  100%  oxygen  mixture  was  delivered.  A  propofol  infusion
as  started  at  50  mcg.kg-1.min-1 and  intravenous  ketamine
as  administered  in  5  mg  increments  (for  a  total  of  20  mg
ver  10  minutes).  Atomized  lidocaine  was  sprayed  onto  the
ongue  as  well  as  the  posterior  oropharynx  and  the  trachea
as  orally  intubated  using  a  flexible  intubation  scope  while

he  patient  breathed  spontaneously.  After  detection  of  end-
idal  carbon  dioxide,  general  anesthesia  was  induced  using
ropofol  and  rocuronium.

His  surgery  was  uneventful,  and  the  patient  was  extu-
ated  awake  at  the  conclusion  of  the  procedure.  He  was
ischarged  home  later  that  day.

iscussion

etween  2000  and  2018,  203,180  children  less  than  20-
ears  old  were  treated  for  facial  burns  in  US  Emergency
epartments.5 Of  these,  41.9%  were  less  than  5-years

ld.5 For  patients  with  significant  burn  injuries,  surgical
reatment  is  staged  and  prioritizes  the  most  bothersome
r  functionally  limiting  sequelae.  In  this  instance,  the
peration  was  aimed  at  addressing  mouth  distortion,  hyper-
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VA  MaskTM for  use  in  fiberoptic  intubation.  Images  used  with

rophic  chest  scarring,  and  hand  contractures.  Airway
anagement  of  patients  with  extensive  neck  and  facial

carring  presents  numerous  challenges  and  a  variety  of
echniques  have  been  suggested  in  this  patient  population.
hese  include  awake  tracheal  intubation,  pre-induction
urgical  neck  scar  release  under  local  anesthesia,  vide-
laryngoscopy,  and  the  use  of  an  intubating  supraglottic
evice.1 Although  the  successful  use  of  these  techniques
as  been  reported  in  both  the  adult  and  pediatric  burn
opulations,  none  of  these  techniques  were  feasible  in
ur  patient  due  to  anxiety,  poor  cooperation,  absence  of
ntravenous  access,  and  microstomia.  Other  factors  such  as
oor  submandibular  space  compliance  and  altered  tracheal
osition  can  make  intubation  challenging  and  a  surgeon
apable  of  emergency  tracheostomy  should  be  immediately
vailable.1

Numerous  factors  can  result  in  a  catastrophic  outcome:
1)  Previous  known  and  poorly  documented  difficulty  airway
nd  failed  invasive  option,  (2)  Difficulty  with  patient  cooper-
tion  or  consent,  (3)  Difficult  mask  ventilation,  (4)  Difficult
upraglottic  airway  placement,  (5)  Difficult  laryngoscopy,
6)  Difficult  intubation,  and  (7)  Difficult  surgical  airway
ccess.

While  the  SuperNO2VA  MaskTM has  been  successfully  used
o  facilitate  fiberoptic  intubation  in  adults,5 to  our  knowl-
dge  this  is  the  first  reported  instance  of  its  use  for
nhalational  induction  or  fiberoptic  intubation  in  a  child.
arious  devices  are  available  for  noninvasive  ventilation  in
he  pediatric  population.  These  include  such  as  nasal  can-
ula,  neonatal/infant  prongs,  nasal  mask,  face  mask,  full
ace  mask,  and  a  helmet.  The  benefits  of  the  SuperNO2VA
askTM instead  of  these  devices  or  high  flow  nasal  oxygen

nclude  the  ability  to  administer  10---15  L.min-1 of  gas  mix-
ures  (air,  oxygen,  nitrous  oxide,  or  volatile  agents)  while
eeping  the  mouth  free  for  topicalization  and  flexible  bron-
hoscopic  intubation  as  well  as  the  ability  to  oxygenate  and
elieve  upper  airway  obstruction  (Fig.  2b).  The  ability  to
eliver  rapidly  titratable  gas  mixtures  is  especially  benefi-
ial  in  pediatrics,  where  an  inhalational  induction  may  be
erformed  in  the  absence  of  intravenous  access.  Because
he  device  requires  patent  nasal  passages  to  allow  gas  flow,
t  should  not  be  used  in  patients  with  scarred  or  obliterated
asal  passages.

In  summary,  we  found  the  SuperNO2VA  MaskTM to  be

 useful  device  for  inhalational  induction,  oxygenation,
nd  intubation  in  a  pediatric  patient  with  a  known  diffi-
ult  airway.  Further  research  is  necessary  to  determine  its
afety  and  efficacy  in  pediatric  difficult  airway  management
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s  well  as  inhalational  induction  in  the  general  pediatric
opulation.

uthors’ contributions

osé  R.  Soberón,  Jr.:  This  author  helped  obtain  consent  for
ublication,  conducted  a  literature  review,  prepared  and
dited  the  manuscript,  and  is  the  corresponding  author.

Taran  Sangari:  This  author  helped  conduct  a  literature
eview  and  assisted  in  the  preparation  and  editing  of  the
anuscript.
Jessica  Ching:  This  author  helped  conduct  a  literature

eview  and  assisted  in  the  preparation  and  editing  of  the
anuscript.
Felipe  Urdaneta:  This  author  helped  conduct  a  literature

eview  and  assisted  in  the  preparation  and  editing  of  the
anuscript.
All  authors  have  reviewed  and  approved  the  submitted

raft  of  the  manuscript.

onflicts of interest
r.  Urdaneta  is  a  member  of  the  Advisory  Board  of  Vyaire
edical  and  has  received  speaker  honoraria  from  them.

The  remaining  authors  declare  no  conflict  of  interest.

5

67
logy  2023;73(5):676---679

cknowledgements

e  thank  Dr.  Lauren  V.  Soberón,  Ms.  Christina  L.  Hendricks,
nd  the  University  of  Florida  Department  of  Anesthesiol-
gy  Editorial  Office  (Gainesville,  Florida)  for  their  input  and
ssistance.

eferences

. Prakash S, Mullick P. Airway management in patients with burn
contractures of the neck. Burns. 2015;41:1627---35.

. SuperNO2VATM [package insert]. Mettawa, IL: Vyaire Medical;
2019. Available from: https://www.vyaire.com/sites/default/
files/2019-04/SuperNova-Clinical-Protocol BCCR-Approved.pdf.
Accessed on July 24th, 2020.

. Ghebremichael S, Gumbert SD, Vanga N, et al. Evaluation of
SuperNO2VATM mask technology in a clinical setting: A pilot study.
Trends Anaesth Criti Care. 2017;16:54---61.

. Cataldo Sh, Mondal S, Lester Lc, Hensley Nb. Using the
SuperNO2VA device on a patient with a known difficult airway:
a case report facilitating fiberoptic intubation and postoperative
. Auh E, Kistamgari S, Yang J, Smith G. Children with facial burns
treated in United States Emergency Departments, 2000 to 2018.
Acad Pediatr. 2020;20:540---8.

9

http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0005
https://www.vyaire.com/sites/default/files/2019-04/SuperNova-Clinical-Protocol_BCCR-Approved.pdf
https://www.vyaire.com/sites/default/files/2019-04/SuperNova-Clinical-Protocol_BCCR-Approved.pdf
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00142-1/sbref0025


TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 680−682

TaggedFigure TaggedEnd

TaggedFigure TaggedEnd
CASE REPORT
TaggedH1Airway management in mucopolysaccharidosis: a
retrospective case series review TaggedEnd
TaggedPMurat T€umer *, Aysun Ankay Yılbaş , Sehend Debba�g , Fatma Sarıcao�glu ,
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TaggedPAbstract Airway management can be difficult in surgeries of patients with mucopolysacchari-
dosis. We performed a retrospective review of 31 surgeries performed between 2015 and 2019.
The mean age of the patients was 127.6 months. MPS-IV and MPS-VI were the most frequent sub-
types. Orthopedic surgeries were the most common surgery type. Difficult intubation was seen
in 10 procedures. All patients with difficult intubation were aged over 36 months. Video laryn-
goscopy was the most common intubation method. Seventeen patients were followed up in the
intensive care unit. Although video laryngoscopy seems to be a safe method in these patients,
one should always be prepared for alternative methods.
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). TaggedEnd
TaggedEndTAGGEDPKEYWORDS
Airway management;
Difficult airway;
MucopolysaccharidosisTaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPMucopolysaccharidosis (MPS) is an inherited and progres-
sive lysosomal storage disorder associated with glycos-
aminoglycan aggregation in various tissues.1 Patients with
MPS often undergo surgery due to organ pathologies and
extremity anomalies. Airway management is difficult in
these patients due to facial deformities and mucopoly-
saccharide aggregation in the nasopharynx.2 In this case
review, we aimed to report the problems in airway man-
agement of patients with MPS undergoing various surgical
procedures. TaggedEnd
T€umer).

.10.013
a de Anestesiologia. Published by E
ns.org/licenses/by-nc-nd/4.0/).
TaggedH1Case description TaggedEnd

TaggedPAfter ethical committee approval was obtained, we per-
formed a retrospective review of patients with MPS who
underwent surgical procedures at Hacettepe University Hos-
pital between 2015 and 2019. Demographic, clinical, and
airway management data were obtained from anesthesia
charts in hospital records. For patients who underwent mul-
tiple surgeries, each encounter was analyzed as a separate
event. Informed consent was obtained from all patients via
phone calls and email. TaggedEnd

TaggedPWe identified difficulties in airway management accord-
ing to the signs of difficult intubation and difficult mask ven-
tilation on the anesthesia charts. Difficult intubation was
explained by the number of intubation attempts. Multiple
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TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 680−682
TaggedEndTaggedPintubation attempts were defined as difficult intubation. Dif-
ficult mask ventilation was defined for patients who could
not be ventilated using the double-hand technique. TaggedEnd

TaggedPThirty-seven of 359 patients with MPS who were followed
in our hospital underwent surgery for various reasons
between 2015 and 2019. Anesthesia and airway management
data were available for 23 of these 37 patients. The 23
patients underwent surgery 31 times over 5 years. As a
result, we included 31 surgical procedures (9 females, 22
males) in our case review. TaggedEnd

TaggedPThe mean age of the patients was 127.6 § 84.2 (rage,
7−348) months, and the mean body weight was 24.9 §
17.6 (range, 7−85) kg (mean § SD [minimum-maximum]).
Maroteaux-Lamy syndrome (Type 6, n = 9) and Morquio
syndrome (Type 4, n = 9) were the most common MPS
types. Orthopedic surgeries were the most common sur-
gery type (n = 9). TaggedEnd
TaggedEnd Table 1 Airway management and postoperative follow-up of case

Toddler
(0-36m)
n = 3

Prescho
(37-60 m
n = 4

MPS Type
Hurler's (I) (n = 3) 3 0
Hunter (II) (n = 3) 0 0
Sanfilippo (III) (n = 7) 0 0
Morquio (IV) (n = 9) 0 1
Maroteaux-Lamy (VI) (n = 9) 0 3

Airway device
ETT (n = 25) 3 4
LMA (n = 0) 0 0
FONA (n = 1) 0 0
Other (n = 5) 0 0

Intubation technique
DL (n = 4) 0 2
VL (n = 20) 3 2
FOB (n = 1) 0 0
FONA (n = 1) 0 0
N/A (n = 5) 0 0

Intubation Difficulty
Easy (n = 16) 3 2
Difficult (n = 10) 0 2
N/A (n = 5) 0 0

Mask difficulty
Easy (n = 26) 3 4
Difficult (n = 0) 0 0
N/A (n = 5) 0 0

Postoperative Extubation
Extubated (n = 22) 3 4
Intubated (n = 3) 0 0
N/A (n = 6)

Postoperative Follow-up
Service (n = 14) 2 3
ICU (n = 17) 1 1

ETT, Endotracheal tube; LMA, Laryngeal Mask Airway; DL, Direct Lary
FONA, Front of neck airway; ICU, Intensive Care Unit.
a Had a tracheotomy.
b Already intubated.

681
TaggedPAirway management and postoperative follow-up data
are given in Table 1. Difficult mask ventilation and laryngeal
mask airway (LMA) use were not encountered in patient
records. Airway intervention was not required in five
patients (four with tracheostomy, one was already intu-
bated). Video laryngoscopy (VL) was the most common intu-
bation method (n = 20). All patients with difficult intubation
(n = 10) were aged over 36 months. Half of the patients with
difficult intubation were adults (n = 2) and teenagers (n = 3). TaggedEnd

TaggedPEight patients with difficult intubation were intubated
using VL. One patient who was scheduled for emergency tra-
cheotomy could not be intubated and underwent surgery
(FONA: front of neck access) under mask ventilation. One
patient with limited neck extension due to narrowness of
the foramen magnum was intubated via awake fiberoptic
bronchoscopy. There was no need for laryngoscopy in five
patients because three had a tracheotomy and two were
s.

ol
)

School aged
(61-144 m)
n = 12

Teenager
(145-216 m)
n = 9

Adults
(216+m)
n = 3

0 0 0
1 2 0
3 3 1
7 0 1
1 4 1

10 5 3
0 0 0
0 1 0
2a 1a, 2b 0

1 1 0
9 4 2
0 0 1
0 1
2a 1a, 2b 0

7 3 1
3 3 2
2a 1a, 2b 0

10 6 3
0 0 0
2a 1a, 2b 0

9 3 3
1 2 0
2a 4a 0

6 2 1
6 7 2

ngoscopy; VL, Videolaryngoscopy; FOB, Fiberoptic Bronchoscopy;



TaggedFigure

Figure 1 A 4-year-old female patient with MPS-VI who had a short neck and kyphoscoliosis. Informed consent was obtained from
the patient shown in the figure. TaggedEnd

TaggedEndM. T€umer, A.A. Yılbaş, S. Debba�g et al.
TaggedEndTaggedPalready intubated orally during admission to the operating
room. TaggedEnd

TaggedPIn the postoperative period, 17 patients were followed up
in the intensive care unit (ICU). Most patients (n = 11) were
admitted to the ICU as extubated. One patient undergoing
Bentall surgery was reintubated using VL due to acute respi-
ratory dysfunction during their postoperative ICU stay. Elec-
tive tracheostomy was performed for this patient whose
airway pressure was high. There was no other perioperative
airway complication in patient records. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPAnesthetic management can be challenging in many aspects
in patients with MPS (Fig. 1). The risk of difficult intubation
must always be considered due to macroglossia, short neck,
hypertrophic tonsils, and adenoids, kyphoscoliosis, immobile
jaw, narrowed nasal passages, and atlantoaxial instability.3 TaggedEnd

TaggedPSimilar to the literature, the incidence of difficult intuba-
tion increased with age in our patients.4 All difficult intuba-
tions were seen in children aged over 3 years. In addition,
the number of patients with tracheotomy and/or already
intubated was higher at older ages. Studies show that, unlike
intubation, the use of LMA and mask ventilation does not
become more difficult with older age in patients with MPS.5

In our case series, it was remarkable that difficult mask ven-
tilation and LMA use were not encountered in any patient
records. This may be due to missing data or the effective
double-hand mask ventilation technique. In addition, there
were very few patients in whom surgery could be performed
using LMA. This could be another factor. The most important
limitation of our case series is its retrospective, non-ran-
domized and uncontrolled design. TaggedEnd

TaggedPAccording to our case series, VL seems to be a safe intuba-
tion method in patients with MPS. However, an experienced
682
TaggedEndTaggedPanesthesiology team should always be ready with alternative
plans during the perioperative management of these patients
regardless of the choice of equipment. In these patients,
regional anesthesia is also an alternative method for anesthe-
sia management if it can be used.TaggedEnd
TaggedH1Conflicts of interest TaggedEnd
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Abstract  Merosin-deficient  muscular  dystrophy  is  caused  by  an  autosomal  recessive  mutation
on laminin-�2  gene  characterized  by  severe  progressive  muscle  weakness  associated  with  neu-
romuscular  scoliosis  and  restrictive  lung  disease.  In  this  case  report,  we  describe  an  alternative
airway approach  performed  in  a  child  with  anticipated  difficult  airway  and  merosin-deficient
muscular dystrophy.  Significant  anesthetic  implications  may  increase  the  perioperative  risk,
requiring  accurate  knowledge  to  anticipate  an  adequate  management  and  provide  patient-
safety strategies.
Muscular  dystrophy

congenital,  merosin
negative

© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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ongenital  muscular  dystrophies  (CMDs)  are  autosomal
ecessive  disorders  with  compromised  synthesis  and  regen-
ration  of  the  muscle  contractile  proteins.  Besides  all  being
are  and  progressive,  they  differ  in  their  clinical  manifesta-
ions  and  genetic  background.1
Merosin-deficient  CMD  (MD-CMD)  has  a  prevalence  of
bout  0.7/100,000  and  is  caused  by  a  mutation  on  chromo-
ome  6,  in  laminin-�2  gene  (or  merosin)  present  in  skeletal
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icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
uscle  fibers.2 It  accounts  for  nearly  40%  of  all  CMD  cases,
he  most  common  and  severe  form.  Regardless,  few  reports
f  its  anesthetic  management  were  published  in  the  litera-
ure.  This  case  report  contributes  to  the  current  knowledge
elated  to  airway  management  in  MD-CMD  patients,  sus-
aining  a  case-oriented  approach  to  an  anticipated  difficult
irway.

ase report
 nine-year-old  boy,  ASA  III,  diagnosed  with  MD-CMD  during
is  first  months  of  life,  presented  a  severe  dorsolumbar  scol-
osis  and  an  inherent  restrictive  lung  disease  with  diminished
ung  volumes  and  frequent  respiratory  infections.  A  previ-
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Figure  1  Preoperative  evaluation  of  the  airway.

us  scoliosis  correction  surgery  already  showed  that  only
ideolaryngoscopy  provided  a  successful  airway  approach
ue  to  Cormack-Lehane  score  IV  on  conventional  laryn-
oscopy.  Therefore,  the  child  was  now  proposed  for  scoliosis
efinitive  surgical  treatment  under  intraoperative  neuro-
hysiology  monitoring.

During  preoperative  assessment,  the  patient  demon-
trated  reduced  neck  mobility,  slight  retrognathism  and  a
ersistent  left  flexion  of  the  head,  macroglossia  and  Mal-
ampati  III,  predictors  consistent  with  MD-CMD  and  a  difficult
irway  approach  as  previously  identified  (Fig.  1).

Intraoperatively,  an  inhaled  induction  with  sevoflurane
nsuring  spontaneous  ventilation,  without  opioid  adjuvants,
as  maintained  until  intubation,  allowing  an  adequate

evel  of  unconsciousness  and  also  a  safe  and  dynamic  air-
ay  assessment.  Initially,  McCoy  laryngoscopy  evidenced  a
ormack-Lehane  IV,  confirming  the  difficult  airway  assess-
ent.  Secondly,  McGrath  videolaryngoscopy  showed  an

nterior  glottis  and  intubation  could  not  be  productively
ccomplished  even  with  a  tube  introducer.  To  improve  the
irway  approach  success,  McGrath  videolaryngoscopy  was
ombined  with  an  optic  fiberscope  as  a  guide  for  intuba-
ion,  which  was  successfully  achieved  with  a  6.0-cuffed  tube
Fig.  2).  The  entire  intubation  process  lasted  20  minutes.

Maintenance  with  remifentanil  and  propofol  total  intra-
enous  anesthesia  without  neuromuscular  blockade  was
erformed  avoiding  any  interference  with  evoked  potential
cquisition.  The  surgical  procedure  was  uneventful  and  the
atient  remained  intubated  in  the  Pediatric  Intensive  Care
nit  for  24  hours.  Extubation  was  planned  after  weaning  of

edation  and  mechanical  ventilation  under  Anesthesiology
eam  supervision.  No  further  complications  occurred  during
ostoperative  period.

c
b
b

68
Figure  2  Status  after  airway  management.

iscussion

t  is  widely  recognized  that  MD-CMD  patients  typically
equire  orthopedic  procedures  early  in  life,  namely  sco-
iosis  correction;  however,  anesthetic  management  is
articularly  challenging  and  burdened  with  perioperative
omplications.3 Before  the  procedure,  an  experienced
ultidisciplinary  team  should  be  involved  to  implement
atient-safety  strategies  and  provide  an  integrated  care.
his  should  include  a  comprehensive  evaluation  of  the
atient’s  global  functional  condition  and  anticipation  of
ifficult  airway  predictors  regarding  their  poor  head  con-
rol,  marked  neck  and  trunk  hypotonia,  and  limited  mouth
pening,1 as  well  as  the  increased  risk  of  rhabdomyolysis.3

In  what  difficult  airway  concerns,  fiberoptic  intubation
s  the  gold-standard,  although  it  does  not  always  provide  a
uccessful  approach  and  no  single  airway  device  or  tech-
ique  will  adapt  in  every  clinical  situation.4 The  option
f  a  videolaryngoscopy  approach  after  a  Cormack-Lehane
V  identification  was  an  initial  attempt  to  optimize  glottis
isualization  as  part  of  the  process  of  difficult  airway  algo-
ithm.  Although  the  absence  attempt  of  a  flexible  fibroscopy
lone  was  an  eventual  limitation,  we  believe  that  a  simul-
aneous  approach  of  these  two  airway  devices  provided  a
etter  visualization  through  the  videolaryngoscope  screen
nd  an  easier  control  of  the  tube  tip  with  the  fiberscope
n  order  to  secure  the  airway.  As  stated  by  other  authors,5

his  combined  technique  is  advantageous  to  decrease  tissue
rauma  particularly  in  patients  with  high  Cormack-Lehane
cores.  Therefore,  maintenance  of  spontaneous  ventilation

ombined  with  a  videolaryngoscopy-assisted  fiberoptic  intu-
ation  should  be  considered  as  an  alternative  to  difficult
ut  non-emergent  airway  scenarios  in  Pediatric  Anesthesi-

4
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5. Sgalambro F, Sanfilippo F, Santonocito C, Caltavuturo C, Grillo C.
Virtual laryngoscopy and combined laryngoscopic-bronchoscopic
Brazilian  Journal  of  Anesth

logy,  specially  when  there  is  an  association  of  a  higher
ormack-Lehane  score  with  other  clinical  difficult  airway
redictors.

Concerning  timing  of  tracheal  extubation,  most  authors
uggest  performing  it  awake  after  a  complete  reversal  of
euromuscular  blockade.3 Non-invasive  ventilation  should
e  considered  as  a  resource  for  immediate  postoperative
eriod,  bearing  in  mind  the  possibility  of  respiratory  failure
nd  need  of  Intensive  Care  Unit  admission.

Standard  ASA  monitoring  must  always  be  used  and  neu-
omuscular  blockade  stimulation  is  recommended  mostly
n  cases  of  severe  hypotonia.  Albeit  MD-CMD  patients  are
ot  prone  to  malignant  hyperthermia,  its  theoretical  risk
till  exists  as  a  muscular  dystrophy,  along  with  anesthesia-
nduced  rhabdomyolysis.  Both  may  induce  arrhythmias  and
espiratory  failure  exacerbation.  Hence,  general  recom-
endations  include  a  trigger-free  anesthetic  technique  and
refer  an  inhaled  induction  as  a  less  traumatic  experience.
ultimodal  analgesia  seems  especially  important  to  reduce

he  inherent  risk  of  most  complications.

earning points

uscular  dystrophies  share  significant  perioperative  risk,
amely  a  difficult  airway  approach  or  MH.  A  combined  air-
ay  approach  involving  a  McGrath  videolaryngoscopy  and

 flexible  fiberscope  provides  a  valid  alternative  approach

f  an  expected  difficult  airway  in  a  child  with  MD-CMD.

 multidisciplinary  strategy  guarantees  the  most  effective
erioperative  care,  minimizing  any  issues  related  to  the  dis-
ase  and  anesthetic  management.

68
logy  2023;73(5):683---685

onflicts of interest

he  authors  declare  no  conflict  of  interest.

cknowledgments

e  would  like  to  thank  Dr  Teresa  Cenicante,  MD  for  all  her
vailability  and  support  on  reporting  and  working  in  case
eports  such  as  this  one  as  the  responsible  of  Pediatric  Anes-
hesiology  in  Centro  Hospitalar  Universitário  Lisboa  Central.

eferences

. Jimenez N, Song K, Lynn AM. Hemodynamic instability during
prone spine surgery in a patient with merosin-deficient congeni-
tal muscular dystrophy. Paediatr Anaesth. 2013;23:294---6.

. Pregardien C, Pirotte T, Veyckemans F. Pressure-support ven-
tilation in a child with merosin-deficient congenital muscular
dystrophy under sevoflurane anesthesia. Acta Anaesthesiol Belg.
2016;67:139---41.

. Echeverry-Marín PC, Bustamante-Vega ÁM. Anesthetic impli-
cations of muscular dystrophies. Rev Colomb Anestesiol.
2018;46:228---39.

. Matioc AA. Use of the Airtraq® with a fibreoptic bronchoscope in
a difficult intubation outside the operating room. Can J Anesth.
2008;55:561---2.
approach for safe management of obstructive upper airways
lesions. Br J Anaesth. 2014;113:304---6.

5

http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00149-4/sbref0025


TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 686−688

TaggedFigure TaggedEnd

TaggedFigure TaggedEnd
CASE REPORT
TaggedH1Gastric rupture during fiberoptic bronchoscopy, a rare
complication of oxygen administration by
nasopharyngeal cannula: a case report TaggedEnd
TaggedPInês Sucena Pereira a,*, Luisa Ferreira b, Eduarda Tinocoa, Teresa Shianga,
Ana Oliveira a, Ana Isabel PereiracTaggedEnd
TaggedP

a Centro Hospitalar Vila Nova de Gaia, Pulmonology, Vila Nova de Gaia, Portugal
b Centro Hospitalar Tondela, Anesthesiology, Viseu, Portugal
c Centro Hospitalar Vila Nova de Gaia, Anesthesiology, Vila Nova de Gaia, Portugal
TaggedEnd
Received 13 June 2021; accepted 19 December 2021
Available online 29 December 2021
TaggedEnd * Corresponding author.
E-mail: ines.sucena@gmail.com (I.S

https://doi.org/10.1016/j.bjane.2021
0104-0014/© 2021 Published by Elsevie
the CC BY-NC-ND license (http://creat
TaggedPAbstract Concomitant use of a nasopharyngeal catheter is frequently used for oxygen supply
during fiberoptic bronchoscopy (FOB). This is a procedure that presents possible complications
that are not negligible. We demonstrate the case of a 61-year-old woman who underwent FOB
due to a history of hemoptoic sputum. During the procedure, gastric rupture occurred with a
large pneumoperitoneum and bilateral pneumothorax requiring immediate drainage of the air
and an emergent laparotomy. This was probably a complication of the nasopharyngeal catheter.
The knowledge of these complications is essential for their correct identification and treatment.
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TaggedPFiberoptic bronchoscopy (FOB) is a procedure with multiple
diagnostic and therapeutic applications and is often used in
patients with respiratory diseases. Desaturation, hemor-
rhage, and arrhythmias may occur during FOB1 and are usu-
ally easily reversible complications. Patients should be
monitored during procedure,1 and complications should be
dealt with in a timely manner if they arise. There are rarer
and potentially serious complications and the exchange of
experiences among professionals in this area is essential. TaggedEnd
. Pereira).
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TaggedPDuring FOB, and to counteract the expected desatura-
tion, a nasopharyngeal catheter is frequently placed for
oxygen delivery during the procedure. Complications
associated with the use of this catheter are rare but, as a
common adjunct to FOB, the awareness of their existence is
important. TaggedEnd
TaggedH1Case report TaggedEnd

TaggedPSixty-one-years-old female patient, with a body mass index
(BMI) of 19.7 kg.m�2 (weight 46 kg and height 153 cm), for-
mer smoker, with a personal history of previous pulmonary
tuberculosis and bronchiectasis, chronic gastritis,
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TaggedFigure

Figure 2 Thoraco-abdominal CT scan (coronal plane) showing
bilateral pneumothorax, pneumoperitoneum and subcutaneous
emphysema. The arrow points the drain located in the abdo-
men. TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(5): 686−688
TaggedEndTaggedPosteoporosis and depression. She had complaints of hemop-
toic sputum, so she underwent FOB for further evaluation in
the Bronchology and Interventional Pneumology suite. TaggedEnd

TaggedPThe procedure was performed under sedation with 30 mg
propofol and 250 mcg alfentanil by an Anesthesiologist.
Patient was monitored with non invasive blood pressure,
continuous pulse oximetry and ECG. A nasopharyngeal cath-
eter was placed with a flow rate of 4 L.min�1 of oxygen.
At the beginning of the exam, with the scope still in the
nasal fossa and with the patient on spontaneous ventilation,
there was a sudden severe abdominal distention, associated
with decreased lung expansion and rapid desaturation
requiring immediate bag-mask ventilation. TaggedEnd

TaggedPAs assisted ventilation was about to be initiated, the
patient went into cardiorespiratory arrest with pulseless
electrical activity that recovered after one cycle of
advanced life support with uneventful orotracheal intuba-
tion. After intubation, subcutaneous emphysema was found
at the neck and anterior chest wall. There was decreased
respiratory sound in the left hemithorax, and percussion was
tympanic, so a needle decompression was immediately per-
formed in the second intercostal space in the medioclavicu-
lar line, and a thoracic tube was placed in the mid-axillary
line aligned with the nipple position, with immediate escape
of air. The distention of the abdominal wall slightly
decreased after administration of rocuronium. TaggedEnd

TaggedPA chest radiography was performed on the bronchoscopy
suite that showed diffuse emphysema and pneumoperito-
neum (Fig. 1). It was hard to distinguish bilateral pneumo-
thorax due to extensive subcutaneous emphysema. The
patient was then transported to Radiology department to
perform a CT (computed tomography) scan that revealed
bilateral pneumothorax associated with extensive pneumo-
peritoneum (Fig. 2), and oral contrast extravasation to the
peritoneal cavity, compatible with the presence of a gastric
rupture. It further revealed that the left chest tube was in
the abdominal cavity. Immediately after the computed
tomography scan (CT scan), a right chest tube was placed
with immediate air outlet. TaggedEnd
TaggedFigure

Figure 1 Thoracic X-ray showing pneumoperitoneum and sub-
cutaneous emphysema. TaggedEnd
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TaggedPThe patient underwent urgent exploratory laparotomy
that revealed a 10-cm gastric laceration in the lesser curva-
ture that was sutured. TaggedEnd

TaggedPPatient was extubated 24 hours after surgery and thoracic
tube was removed three days after surgery. Patient was dis-
charged from the Intensive Care Unit four days after surgery.
There were no relevant complications during hospitalization
to be reported. TaggedEnd

TaggedPA written informed consent to publish this case report
was signed by the patient. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPSince the 1960s, some cases have been published of patients
with gastric rupture and pneumoperitoneum2-5 who were
receiving oxygen therapy through a nasopharyngeal cathe-
ter. Bearing in mind that the gastric rupture and clinical
deterioration happened with the bronchoscope still in the
nasal fossa, and the only procedure yet performed was the
placement of the nasopharyngeal catheter, this led us to
conclude that this was its potential cause. If we look at the
cases already described in the literature, the site of gastric
rupture is mostly located in the small gastric curvature,4,5

which is in agreement with our clinical case.TaggedEnd
TaggedPThe mechanism by which gastric rupture occurs is not

well established. There are a few hypotheses raised by some
authors, the placement of the catheter below the cricophar-
yngeal muscle3-5 being the most easily understood. However,
we should keep in mind that the use of anesthetic agents is
also associated with decreased cricopharyngeal muscle



TaggedEndI.S. Pereira, L. Ferreira, E. Tinoco et al.
TaggedEndTaggedPtone2-4 which may contribute to the accumulation of intra-
gastric gas during inspiration. It should also be noted
that the location of the catheter close to the oesophageal
opening may also stimulate swallowing, which leads to
aerophagia.2,4 All these mechanisms may be the cause of
gastric air accumulation and consequent rupture, associated
with the use of nasopharyngeal catheter. TaggedEnd

TaggedPThis is an emerging, potentially life-threatening situation
that requires immediate abdominal and thoracic decompres-
sion and laparotomy as soon as possible. TaggedEnd

TaggedPAlthough this is a rare complication, not directly related
to FOB, the widespread use of nasopharyngeal catheters for
oxygen delivery makes it essential for all bronchologists and
anesthesiologists to know about this complication and how
to manage it. The existence of these cases may question the
use of these catheters as adjuncts to FOB but, if you need to
use them, the confirmation of the nasopharyngeal catheter
location with the bronchoscope3 and reducing the time with
the nasopharyngeal catheter to a minimum4 may be a good
solution. Replacing the nasopharyngeal catheter with a
facial mask to administer oxygen3,4 may also be a good strat-
egy. It is also important to bear in mind that, although FOB is
a relatively safe exam, it is nonetheless invasive and with
possible life-threatening complications, so it should always
688
TaggedEndTaggedPbe performed in a controlled environment with a resuscita-
tion cart nearby and by a specialized team. TaggedEnd
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Abstract  In  an  attempt  to  improvise  the  analgesia  in  patients  with  femoral  fractures,  we  aimed
at depositing  local  anesthetic  deep  to  anterior  psoas  fascia  (APf)  under  ultrasound  (US)  guidance
to block  lumbar  plexus  elements  which  emerge  lateral,  anterior,  and  medial  to  the  psoas  major
muscle.  We  termed  this  as  circumpsoas  block  (CPB).  Clinical  and  computed  tomography  contrast
studies revealed  that  a  continuous  CPB  infusion  with  a  catheter  provided  a  reliable  block  of  the
lumbar plexus  elements.  No  adverse  were  events  noted.  We  conclude  that  US  guided  CPB  is  a
reliable technique  for  managing  postoperative  pain  after  surgery  of  femur  fractures.
Acute  pain;

Postoperative  pai © 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

r
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ntroduction

nterior  and  posterior  approach  to  lumbar  plexus  block
LPB)  is  implemented  for  unilateral  postoperative  analge-

ia  after  surgery  for  fractures  of  proximal,  mid,  and  distal
emur.  Clinical  and  radiological  studies  of  the  infra-inguinal
ascia  iliaca  compartment  block  (FICB)  failed  to  exhibit  a

� The research was presented as a free paper at 38th annual Euro-
ean Society of Regional Anesthesia Congress, 2019 held at Bilbao,
pain.
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eliable  blockade  of  lumbar  plexus  elements.1,2 To  over-
ome  the  shortcomings  of  infrainguinal  FICB,  i.e.,  failure  to
lock  the  obturator  nerve,  very  high  volumes  of  local  anes-
hetic  (LA)  achieved  blockade  of  all  three  nerves  with  the
uprainguinal  FICB.3,4

Anatomically,  the  three  target  nerves  (femoral  nerve,
ateral  femoral  cutaneous  nerve  (LFCN),  obturator  nerve)
merge  lateral  and  medial  to  psoas  major  muscle  (Pma)
ngulfed  by  the  psoas  fascia.5 In  an  attempt  to  improvise
he  analgesia  in  patients  with  femur  fractures,  we  aimed  at

epositing  LA  through  a  catheter  positioned  deep  to  anterior
soas  fascia  (APf)  under  ultrasound  (US)  guidance  to  block
umbar  plexus  elements  which  emerge  lateral,  anterior,  and
edial  to  the  psoas  major  muscle.  We  termed  this  as  cir-

itora Ltda. This is an open access article under the CC BY-NC-ND
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Table  1  Demographic  details  including  ASA-PS,  side  of
surgery.

S.no.  Variables

Age  (years)  49.5  (40.25---56)
Gender  (M/F) 19/13
S.no.  Variables
Weight in  kg  (expressed  as  median
with  interquartile  range)

63.50  (59---68.75)

ASA---PS (I/II)  14/18
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Side of  surgery  (right/left)  18/14

umpsoas  block  (CPB).  The  spread  of  LA  in  the  vicinity  of
he  target  nerves  was  confirmed  with  computed  tomography
CT)  contrast  studies.

The  purpose  of  this  series  is  to  demonstrate  the  technical
easibility  and  analgesic  efficacy  of  US-guided  CPB.

ase series

nstitutional  Ethics  Committee  approved  the  study  and
nformed  consent  was  obtained  from  all  patients.  The  study

ecruited  32  American  Society  of  Anesthesiologists  (ASA)
hysical  status  I---II  patients  (19  male,  13  female).  Demo-
raphics  is  explained  in  Table  1.  The  patients  with  isolated
roximal  femoral  mid-shaft  and  distal  femur  fractures  were

U
(
S

igure  1  A,  Placement  of  ultrasound  probe  immediately  above  t
lane; B,  Longitudinal  ultrasound  image  depicting  the  sonoanatomy  f
nd the  iliacus;  C,  Longitudinal  ultrasound  image  depicting  the  nee
ellow. LA  injection  (light  blue)  lifts  the  APf  and  depresses  the  Pma  (
round the  Pma  (light  pink)  lifting  the  APf  (light  yellow).

69
.  Gawai  et  al.

onsidered  appropriate  for  inclusion  in  the  study.  Patients
ith  a  history  of  allergy  to  LA  drugs,  localized  skin  infec-

ion,  underlying  coagulopathy,  or  body  mass  index  (BMI)
reater  than  30  kg.m-2 were  excluded  from  the  study.
outine  investigations  were  performed  in  all  patients  (com-
lete  blood  count,  serum  creatinine,  coagulation  profile,
iral  screening).  Appropriate  gauge  intravenous  (IV)  access
as  secured  and  vitals  (electrocardiogram,  heart  rate,
xygen  saturation,  and  noninvasive  blood  pressure)  were
onitored.  A  standard  general  anesthesia  (GA)  induction

midazolam  0.03  mg.kg-1,  fentanyl  1  �g.kg-1, propofol  2
g.kg-1, cisatracurium  0.2  mg.kg-1)  was  implemented  and

he  airway  was  secured  with  an  appropriately  sized  endo-
racheal  tube.  GA  was  maintained  with  oxygen:  air  (fresh
as  flow  of  1  L)  and  sevoflurane  over  volume-controlled
entilation  with  monitoring  of  end-tidal  carbon  dioxide.
ntraoperatively  0.5  �g.kg-1 fentanyl  was  the  analgesic  to
e  administered  if  heart  rate  and  blood  pressure  increased
y  20%  from  baseline  and  was  considered  as  an  inadequate
lock.  The  US-guided  block  was  performed  after  the  induc-
ion  of  GA.

lock  technique
nder  due  asepsis,  a  linear  array  high-frequency  ultrasound
US)  probe  with  13-6  MhZ  (Sonosite:  Model,  M-Turbo,  Fujifilm
onosite  Inc,  USA)  was  deployed  below  the  inguinal  ligament

he  inguinal  ligament  with  needle  and  catheter  introduced  in-
or  CPB,  from  below  upwards  are  the  Pma  with  the  psoas  sheath
dle  insertion  beneath  the  APf  (anterior  psoas  fascia)  in  light

light  pink);  D,  Axial  view  depicting  the  spread  of  LA  (light  blue)

0
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Table  2  Spread  of  contrast  along  various  nerve  and  dermatome  pathways  in  percentage.

Pathway  Spread  in  10  patients  in  percentage

Femoral  93.33
LFCN 93.33
Obturator  50
GFN 66.66
Pudendal 3.33
L3 0
L4 26.66
L5 46.66
S1 16.66
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Table  2  (Continued)

Pathway Spread  in  10  patients  in  percentage

Table  showing  spread  of  contrast  in  various
pathways/  dermatomes.
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Blue box, definite spread of contrast; red box, no spread of contr
A- axial section, S-sagittal section, C- coronal section, Pma- psoa

nd  the  psoas  tendon,  iliacus  muscle  and  fascia,  femoral
erve,  and  femoral  artery  were  identified  in  a  transverse
can.  The  probe  was  rotated  in  a  longitudinal  axis  aligned
ith  the  psoas  tendon  and  was  shifted  cephalad  to  iden-

ify  the  supra-inguinal  part  of  Pma.  The  final  probe  position
n  the  longitudinal  axis  (Fig.  1A)  was  immediately  above  the
nguinal  ligament  and  the  US  image  demonstrated  the  sheath
ver  the  Pma  (Fig.  1B).  The  tip  of  18G  Tuohy’s  needle  (B.
raun  Medical  Inc.  USA.)  was  positioned  (Fig.  1B)  deep  to
he  APf  and  on  the  anterior  aspect  of  Pma.  During  the  entire
rocedure,  the  needle  tip  was  visualized  in  real-time  as  it
ierced  the  APf.  With  the  needle  tip  deep  to  APf,  hydro-
issection  was  performed  injecting  3  ml  of  0.9%  saline.  After
onfirming  the  correct  placement  of  needle  tip,  20  ml  of
.2%  ropivacaine  was  injected  through  the  needle,  and  a
atheter  (20G,  Braun  Medical  Inc.  USA.)  was  inserted  in  the
lane  created  between  the  APf  and  Pma,  to  a  distance  of
---6  cm  (Fig.  1B).  Following  a  negative  aspiration  for  blood,
0  ml  0.2%  ropivacaine  was  injected  through  the  catheter.
he  injected  LA  lifted  the  psoas  sheath  and  depressed  the
ma  as  the  LA  spread  could  be  appreciated  cephalad  below
he  psoas  sheath  in  the  longitudinal  scan  (Fig.  1C).  At  this
evel  of  injection,  the  probe  was  rotated  in  a  transverse  scan
nd  the  LA  spread  around  the  muscle  in  lateral,  anterior,  and
edial  directions  were  confirmed  (Fig.  1D).  Intraoperative

eart  rate,  blood  pressure  and  oxygen  saturation  were  mon-
tored  throughout  the  procedure.  The  surgical  duration  was
.5---2  hours.
Neuromuscular  blockade  was  reversed  with  neostigmine
0.1  mg.kg-1),  and  glycopyrrolate  (0.01  mg.kg-1)  and  the
rachea  were  extubated.  Patients  were  shifted  to  a  high

3
c
w

69
hite/ uncoloured box: partial spread of contrast.
or muscle.

ependency  unit  for  monitoring  of  vital  parameters  (elec-
rocardiogram,  blood  pressure,  oxygen  saturation).  A  visual
nalog  scale  (VAS)  was  used  to  monitor  postoperative  pain.
he  time  to  first  rescue  analgesia  (TTFA)  and  24-hours  rescue
nalgesia  requirement  was  noted  for  all  patients.  Postoper-
tively,  0.1%  ropivacaine  was  infused  at  a  rate  of  8  mL.h-1

hrough  an  infusion  pump  (B  Braun  Perfusor® Space  pump).
aracetamol  1  g  IV  was  infused  30  minutes  before  the  clo-
ure  of  the  surgical  wound,  and  every  8  hours  for  the  next
8  hours.  Diclofenac  75  mg  IV  was  planned  as  rescue  analge-
ia  if  the  VAS  score  was  more  than  4.  The  extent  of  sensory
lock  achieved  was  assessed  at  the  end  of  the  surgery  once
he  patient  was  wide  awake.

All  patients  were  hemodynamically  stable  throughout  the
urgery  and  perioperative  period.  Mean  VAS  score  at  0,  1,  3,
,  12,  18,  and  24  hours  postoperatively  were  1.21,  1.4,  1.71,
.96,  2.21,  2.28,  and  2.5,  respectively.  Intraoperatively,  no
atient  required  additional  IV  fentanyl  boluses.  None  of  the
atients  required  rescue  analgesic  in  first  24  hours.  There
ere  no  adverse  events  noted  in  any  patient.  The  sensory
lock  achieved  was  assessed  postoperatively  and  involved
he  LFCN  and  the  FN.

On the  second  postoperative  day,  after  obtaining
nformed  consent,  10  patients  underwent  a  CT-contrast
tudy  (5  ml  Omnipaque  ---  300  mg  i/ml  ---  Iohexol,  a  non-
onic,  water-soluble  radiographic  contrast  medium  in  25  ml
f  normal  saline)  to  identify  the  spread  of  LA  through  the
atheter  in  psoas  sheath.  The  infusion  pump  was  turned  off

0  minutes  before  injection.  The  charges  for  imaging  and
ontrast  used  was  waived  off  by  the  hospital.  The  images
ere  reported  in  collaboration  with  a  consultant  radiologist.

2
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Figure  2  A,  CT  contrast  spread  analysis  revealing  the  spread  along  the  femoral,  lateral  femoral  cutaneous  nerve  (LFCN),  Obturator,
genitofemoral  (GFN),  pudendal,  sciatic,  the  L3,  L4,  L5,  and  S1  extraforaminal  root  level;  B,  Axial  view:  contrast  spread  along  the
anterior surface  of  Pma,  femoral,  LFCN,  and  obturator  pathway.  It  spreads  as  far  as  the  upper  portion  of  the  obturator  internus
(OI). Pma,  psoas  major;  GL  max-gluteus  maximus;  C,  Axial  view:  contrast  spreads  in  the  posterior  surface  of  the  Pma  and  close  to
the origin  of  the  5th lumbar  nerve  root,  in  the  neuronal  pathway.  Pma.  psoas  major;  IC,  Iliacus;  D,  Contrast  spread  along  the  medial
and lateral  borders  of  Pma  that  is  along  the  obturator  and  femoral  pathways.  Obturator  nerve  (ON)  can  be  visualized  bilaterally  at
the pelvic  brim;  E,  Catheter  extends  from  the  caudal  portion  of  the  Pma  until  it  reaches  the  level  of  sacroiliac  joint  at  which  point
it merges  with  contrast  that  spreads  cephalad  on  the  anterior  border,  lateral  surface,  and  posterior  border  of  Pma;  F.  The  anterior
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nd posterior  surfaces  of  the  Pma  are  surrounded  by  contrast  in
pills in  the  obturator  (ON)  pathway  onto  the  superior  surface  o

Representative  CT-contrast  images  from  10  patients
emonstrated  the  contrast  spread  across  various  neural
athways  which  we  term  as  femoral,  LFCN,  and  obturator
athways  (Table  2).  The  contrast  spread  along  femoral  and
FCN  pathways  was  93.33%  each  and  obturator  pathway  it
as  53.33%  (Fig.  2A).  The  spread  of  contrast  was  observed
t  L4,  L5,  and  S1  in  26.66%,  46.66%,  and  16.66%  (Fig.  2A).

The  contrast  was  seen  spreading  across  the  femoral,
FCN,  and  obturator  pathways  anterior  to  Pma  (Fig.  2B  and
osterior  to  Pma  (Fig.  2C  ---  axial  at  the  sacro-iliac  joint).  In
he  coronal  section  contrast  distribution  in  along  the  femoral
nd  the  obturator  pathway  is  depicted  (Fig.  2D).  In  the
agittal  section  (Fig.  2E),  contrast  exiting  the  catheter  sur-
ounded  the  anterior,  lateral,  and  posterior  of  Pma.  Contrast
ccupied  the  obturator  pathway  as  it  transgressed  posteri-
rly  from  the  posterior  surface  of  Pma  and  was  seen  on  the
pper  surface  of  obturator  internus  muscle  (Fig.  2F).

iscussion
ur  case  series  of  US-guided  CPB  demonstrates  its  safety  and
fficacy  in  terms  of  no  additional  intraoperative  analgesic
equirement  and  time  to  the  first  analgesic  at  a  mean  of
5.6  hours.  None  of  the  patients  required  rescue  analgesics

r
r
m
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ower  portion.  Contrast  trickles  from  the  posterior  surface  and
turator  internus  (OI).

n  the  form  of  diclofenac  75  mg  IV.  Postoperative  delineation
as  consistent  with  the  sensory  blockade  of  femoral  and

ateral  femoral  cutaneous  nerve  (LFCN).  CT  contrast  stud-
es  revealed  the  spread  of  solution  across  the  LFCN  and
emoral  pathways  in  93.33%  and  53.33%  in  the  obturator
athway.  Anatomically  and  radiographically,  the  US-guided
PB  appears  an  alternative  to  the  anterior  approach  to  lum-
ar  plexus  components.

Clinical  studies  claim  reduction  in  morphine  require-
ents  with  2.6  mg.kg-1 (high  concentration)  of  0.5%

opivacaine  in  a  longitudinal  supra-inguinal  FICB.3 The  same
roup  of  researchers  in  another  study  (high  volume  ---  40  ml
.5%  ropivacaine)  demonstrated  more  than  80%  obturator
erve  blockade  with  US-guided  suprainguinal  FICB  through
adolinium-  based  magnetic  resonance  imaging.4

In  CPB,  LA  injections  deep  to  the  APf  and  superficial  to
he  Pma,  targets  the  terminal  lumbar  plexus  nerves  in  the
yofascial  plane,  before  the  exit  of  the  LFCN,  femoral,  gen-

tofemoral,  and  the  obturator  nerves  in  the  natural  bilateral
soas  channels.  By  further  positioning  the  catheter  in  the
yofascial  plane  deep  to  APf  and  superficially  on  the  ante-
ior  surface  of  Pma,  the  volume  and  concentration  of  LA
equired  could  be  reduced,  thus  decreasing  the  fear  of  local
yotoxicity  and  neural  injuries  are  remote  with  CPB.  Con-
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inuous  uninterrupted  visualization  of  the  needle  tip  under
S  guidance  is  essential  to  avoid  vascular  and  bowel  injuries.

Although  simple  with  the  US,  the  block  has  its  limita-
ions.  In  morbidly  obese  patients,  the  structures  are  difficult
o  visualize.  The  block  does  not  appear  to  provide  surgi-
al  anesthesia  and  is  indicated  for  postoperative  analgesia.
lthough  it  is  a  myofascial  plane  block,  we  do  not  suggest
his  block  in  coagulopathic  patients.  Blocks  were  performed
fter  GA  and  immediate  sensory  delineation  was  not  done.
bturator  nerve  block  was  not  clinically  evaluated.

Through  our  series,  we  propose  a  new  approach  that  can
e  considered  as  a  safe  alternative  to  block  all  nerves  emerg-
ng  from  the  lumbar  plexus.  Our  initial  clinical  description
nd  its  evaluation  using  contrast  images  demonstrate  block-
de  of  all  four  major  nerves  which  exits  the  medial  and
ateral  borders  of  psoas  muscle  at  its  medial  third.
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Abstract  Neurofibromatosis  type  1  is  a  complex  genetic  disorder  affecting  multiple  organ  sys-
tems. Cardiovascular  manifestations  include  hypertension,  often  associated  with  concomitant
pheochromocytoma.  We  present  a  hypertensive  crisis  during  induction  of  anesthesia  in  a  patient
with neurofibromatosis  type  1,  scheduled  for  abdominal  myomectomy,  which  revealed  an  undi-
agnosed pheochromocytoma.  The  case  highlights  the  importance  of  assessing  all  patients  with
neurofibromatosis  type  1  for  pheochromocytoma,  because  if  it  is  left  undiagnosed,  it  can  be
disastrous  in  the  setting  of  anesthesia  and  surgery.

© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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eurofibromatosis  type  1  (NF-1)  is  a  complex  multi-systemic
enetic  disorder  associated  with  the  mutation  of  a  gene  on
hromosome  17.  The  changes  on  the  neurofibromin  protein

rovoke  widespread  effects  on  ectodermal  and  mesoder-
al  tissue,  with  the  formation  of  tumors  primarily  on  the

ervous  system  and  the  skin.1,2 It  is  an  autosomal  domi-
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ant  disorder  with  complete  penetrance,  meaning  that  all
he  patients  with  the  disorder  will  have  some  phenotypic
xpression  during  their  lifetime,  though  the  severity  and
he  manifestations  vary  significantly  among  individuals.  Neu-
ofibromas  are  the  characteristic  lesions  of  the  condition
nd  occur  not  only  in  the  neuraxis  but  also  at  the  cardio-
ascular,  the  respiratory,  the  genitourinary  system,  and  the
astrointestinal  tract.  Therefore,  it  is  of  crucial  importance
or  the  anesthetist  to  pay  attention  to  the  proper  evaluation

f  such  patients.  The  cardiovascular  manifestations  of  NF-1
nclude  hypertension,  which  may  be  associated  with  renal
rtery  stenosis  or  pheochromocytoma.1 The  occurrence  of
heochromocytoma  in  NF-1  varies  from  1%  to  5.7%.  It  is
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Table  1  Patient’s  Laboratory  examination  for
pheocromocytoma.

Patient’s  value  Normal  value

24  h  urine  VMA  7.5  mg/  24  h  1.8---6.7
24 h  urine  metanephrine  223  �g/  24  h  52---341
Plasma  metanephrine  108  ng.L-1 <  86  ng.L-1

Plasma  normetanephrine 436  ng.L-1 <  133  ng.L-1

3-methoxytyramine  <  5  ng.L-1 <17  ng.L-1
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igure  1  Patient’s  abdominal  presence  of  ‘‘cafe  au  lait’’
pots.

 tumor  originating  from  the  adrenal  medulla  resulting  in
econdary  hypertension.  When  undiagnosed,  it  is  associated
ith  very  high  mortality.  Approval  and  written  informed  con-

ent  were  received  from  the  patient.

ase report

 42-year-  old  white  female  patient  was  admitted  to  the  OB/
YN  department  due  to  an  episode  of  loss  of  consciousness

elated  to  anemia.  The  patient’s  height  was  1.55  cm,  and  she
eighed  58  kg.  Despite  receiving  ferrum  and  folic  acid  sup-
lements  during  the  previous  months,  her  hemoglobin  was
o  higher  than  6.5  g.dL-1.  Through  emergency  ultrasound
nd  lower  abdominal  MRI  assessment,  a  uterine  fibroid  was
ound,  and  the  patient  was  scheduled  for  open  myomectomy
he  following  day.

She  had  a  history  of  type  1  neurofibromatosis  firstly  diag-
osed  in  1989  due  to  the  appearance  of  ‘‘café  au  lait’’  spots
Fig.  1),  and  since  then  she  had  been  under  close  surveil-
ance.  Physical  examination  revealed  no  further  findings.
er  Blood  Pressure  (BP)  was:  140/70  mmHg,  with  a Heart
ate  (HR)  of  102  bpm.  Results  from  laboratory  examination
ere  normal.

The  evening  before  surgery  the  patient  received  in  total
 RBC  and  1  FFP,  which  raised  her  hemoglobin  at  the  level
f  8.9  g.dL-1.

There  was  no  history  of  allergies,  drug  consumption,
moking,  or  alcohol  abuse.  She  had  previous  surgeries:  once
or  removal  of  a  giant  cell  granuloma  of  the  mandible  in
985,  and  twice  for  excision  of  ulnar  nerves  neurinomas,  in
990  and  2012.  No  complications  during  general  anesthesia
ere  mentioned.  Her  airway  assessment  was  excellent  with
allampati  I,  good  cervical  mobility,  and  mouth  opening.

Upon  arrival  at  the  operation  room,  standard  monitoring
hat  consisted  of  ECG  3-lead  continuous  recording,  non-
nvasive  blood  pressure  measurement  and  pulse  oximetry
as  connected  to  the  patient.  Venous  access  with  one  18G

atheter  and  one  16G  catheter  were  established.  Her  vital
igns  upon  the  beginning  were  the  following:  blood  pressure
f  180/100  mmHg,  heart  rate  of  110  bpm,  and  SpO2 of  99%.
dministration  of  2  mg  of  midazolam  and  100  mcg  of  fentanyl
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or  anxiolysis  and  sedation  did  not  have  any  effect  on  blood
ressure,  and  at  that  point  the  leading  anesthetist  started
aving  concerns  regarding  proceeding  with  the  operation.
nvasive  blood  pressure  measurement  was  established  just
efore  induction  of  anesthesia.

For  the  induction,  100  mcg  of  fentanyl,  20  mg  of
tomidate  and  50  mg  of  rocuronium  were  administered
ntravenously.  After  drug  administration  and  during  bag-
ask  ventilation,  her  blood  pressure  raised  further  to

20/120  mmHg  with  a  heart  rate  of  135  bpm.  To  exclude
nadequate  anesthesia,  bolus  doses  of  50  mg  propofol  were
iven  up  to  a  total  dose  of  150  mg.  A  continuous  Intravenous
IV)  infusion  of  glyceryl  trinitrate  (250  mcg.mL-1 solution)
as  started.  At  that  point,  the  consultant  anesthesiologist

uspected  a  concomitant  pheochromocytoma  and  a  deci-
ion  was  made  to  refrain  from  performing  the  surgery  and
ait  until  the  muscle  relaxant  wears  off.  A  laryngeal  LMA  4
as  introduced,  and  anesthesia  was  maintained  with  a  mix-

ure  of  oxygen,  nitrous  oxide,  and  sevoflurane  achieving  a
AC  of  0.8.  Blood  pressure  was  maintained  at  the  level  of
60---170/80---90  mmHg.

A  peripheral  nerve  stimulator  was  used,  and  Train  Of  Four
TOF)  test  was  performed  to  assess  the  depth  of  neuromus-
ular  blockade.  Sugammadex  was  administered  (2  mg.Kg-1)
or  neuromuscular  blockade  reversal.  During  extubation  the
lood  pressure  raised  again  at  220/110  mmHg,  and  the
lyceryl  trinitrate  infusion  was  increased.  The  patient  was
xtubated  with  a  blood  pressure  of  150/80  mmHg  and  a  heart
ate  of  80  bpm.  Respiratory  function,  hemodynamic  status,
nd  pain  scores  were  continuously  evaluated.  Blood  pres-
ure  remained  between  160---170/85---95  mmHg  with  a  heart
ate  of  85---95  bpm.  Surgery  cancellation  and  extensive  re-
valuation  of  the  patient  was  decided  by  both  the  anesthetic
eam  and  the  gynecologist.

Post-operatively,  after  endocrine  and  cardiac  consulta-
ion,  a  series  of  exams  were  requested.  The  laboratory
esults  are  shown  in  Table  1.

Along  with  the  extensive  blood  and  urine  analysis,  CT  and
RI  of  the  retroperitoneal  space  were  performed,  showing

 lesion  of  2  cm  on  the  left  adrenal  gland.
The  patient  was  referred  to  an  endocrine  surgery  depart-

ent  where  the  diagnosis  of  pheochromocytoma  was  made.
reparation  for  surgery  consisted  of  a-blockade  with  phe-
oxybenzamine  followed  by  b-blockade  and  subsequently
he  resection  of  the  tumor.  The  pathology  examination  of
he  resected  tumor  contained  all  the  morphological  char-
cteristics  ([+]  chromogranin,  Ki67  positive  cells  <  1%)  that

ender  the  diagnosis  of  pheochromocytoma  final.
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e  hereby  present  a  patient  with  type  1  neurofibromatosis,
resenting  for  myomectomy,  who  developed  hypertensive
risis  during  induction  of  anesthesia  due  to  an  occult
heochromocytoma.

Neurofibromatosis  is  an  autosomal  dominant  disease
hich  varies  in  terms  of  severity  and  can  possibly  affect  all
hysiological  systems.  Two  types  are  distinguished  according
o  phenotypical  and  genetic  characteristics:  Neurofibro-
atosis  type  1  (NF-1)  or  von  Recklinghausen  disease,  and
eurofibromatosis  type  2  (NF-2).  NF-1  is  characterized  by
he  formation  of  neurofibromas  primarily  in  the  neuraxis,
hereas  NF-2  is  most  commonly  associated  with  bilateral
estibular  schwannomas  (acoustic  neuromas),  which  are
enign  tumors  in  the  nerve  sheath  of  the  cranial  nerve  VIII.
oncerning  NF-1,  diagnosis  despite  technological  advances
emains  mainly  clinical  according  to  specific  criteria.2

It  is  important  to  bear  into  consideration  the  broad  spec-
rum  of  clinical  manifestations  that  this  particular  disease
ntails.

Hypertrophic  cardiomyopathy,  heart  defects  and  superior
ena  cava  obstruction  due  to  tumor  formation  have  been
bserved  in  NF-1  patients.1,2 Hypertension  on  patients  with
F-1  may  sometimes  be  secondary  due  to  a  latent  pheochro-
ocytoma.  A  cohort  study,  performed  by  Mayo  Clinic  on
atients  with  NF-1  and  pheochromocytoma,  results  in  the
uggestion  that  biochemical  detection  testing  for  pheochro-
ocytoma  is  needed  prior  to  elective  surgical  procedures,

nd  during  preconception  planning  or  early  pregnancy  for
omen.  The  presence  of  a  pheochromocytoma  requires  the
xclusion  also  of  syndromes  such  as  MEN-2b,  Von  Hippel-
indau,  and  paragangliomas.2 The  high  suspicion  of  our
eading  anesthetist  for  a  concomitant  pheochromocytoma
ue  to  our  patient’s  medical  history  of  neurofibromatosis,
nd  the  postponement  of  the  surgical  procedure,  were  of
rucial  importance.

Although  some  patients  with  pheochromocytoma  may  not
xperience  any  symptoms3 despite  increased  catecholamine
evels,  a  catecholamine  crisis  may  occur  intraoperatively,
ven  spontaneously,  due  to  different  mechanisms:  mechan-
cal  stress  due  to  tumor  palpation,  psychological  stress,
r  induction  in  relation  to  certain  drug  administration
r  laryngoscopy.3,4 Our  patient  entered  the  operating
oom  with  mild  tachycardia  and  hypertension  which  was
ttributed  to  anxiety,  therefore  midazolam  and  fentanyl
ere  administered  immediately  upon  arrival,  though  with-
ut  any  effect  on  blood  pressure  or  heart  rate.  Despite
he  induction  of  anesthesia,  blood  pressure  and  heart  rate
emained  high  and  increased  after  bag-mask  ventilation.  No
ttempt  to  palpate  or  move  the  patient  was  made  before  or
uring  induction.

Agents  used  for  induction  can  explain  the  immediate
ccurrence  of  hypertension  after  drug  administration  even
efore  any  attempt  to  intubate.  Fentanyl,  through  an
ncreased  catecholamine  release,  and  rocuronium,  through
n  adrenergic  activation,  an  atropine-like  effect,  and
ncreased  norepinephrine  release  from  sympathetic  nerve

ndings  can  trigger  a  hypertensive  crisis.3,4 Other  case
eports5 also  associated  the  same  drug  combination  with
n  acute  catecholamine  crisis  during  induction  in  patients
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resenting  at  the  operation  room  with  an  undiagnosed
heochromocytoma.

Etomidate  was  used  to  avoid  any  cardiovascular  instabil-
ty  during  induction.

Bag-  mask  ventilation  coincided  with  the  administration
f  rocuronium,  but  it  would  seem  unlikely  to  trigger  hyper-
ension  since  no  Guedel  airway  was  used.  Stimulation  from
emoving  the  laryngeal  mask  resulted  in  an  increase  in  blood
ressure,  which  nevertheless  responded  to  the  infusion  of
itroglycerin.

Regarding  other  clinical  manifestations,  5%  of  patients
ith  NF-1  present  with  disease  (neurinomas)  in  the  oral
avity  and  the  larynx  which  may  hinder  conventional  oro-
racheal  intubation.  Multiple  cervical  neurofibromas  are
ssociated  with  painless  dislocation  of  cervical  vertebrae,
act  that  suggests  the  preoperative  radiographic  examina-
ion  of  the  neck  in  order  to  avoid  potential  damage  to
he  spinal  cord  during  the  intubation  process.  Lung  fibrosis,
long  with  vertebral  anomalies  (kyphosis,  scoliosis)  poten-
ially  hinder  normal  pulmonary  function.  Neurofibromas  in
he  gastrointestinal  tract  present  with  the  risk  of  perfo-
ation,  hemorrhage,  or  concomitant  carcinoid  syndrome
nd  in  the  genitourinary  system  with  obstructive  ureteral
tenosis.1,2 Cognitive  disorders  along  with  increased  inci-
ence  of  epilepsy  are  observed.

In  our  case,  the  patient  showed  no  signs  of  dyspnea  and
ysphagia,  her  vital  signs  and  ECG  pre-operatively  were
ormal,  she  never  suffered  from  lung  disease  nor  has  she
entioned  any  episodes  of  spasms.  She  was  under  close

urveillance  for  her  disease  and  presented  no  malformations
f  the  spine.  She  had  undertaken  general  anesthesia  for  sev-
ral  procedures  in  the  past  without  mentioning  any  adverse
ffects.  During  preoperative  cardiac  evaluation,  no  hemody-
amic  instability  or  any  abnormal  findings  were  noted.  Thus,
aking  into  consideration  the  gynecologist’s  persistence  to
roceed  with  the  operation,  on  a semi-  elective  basis,  we
nquired  no  further  investigations.

We  conclude  that  knowledge  of  the  vast  range  of  NF-
 signs,  and  symptoms  shall  guide  the  questions  formed
nd  the  examinations  demanded  by  those  performing  pre-
perative  examination  on  such  patients.

We  suggest  thorough  investigation  of  NF-1  patients  prior
o  elective  surgery  due  to  the  diversity  of  the  disease’s  clini-
al  manifestations.  Careful  history  of  the  patient’s  signs  and
ymptoms  will  guide  the  clinician’s  differential  diagnosis  and
ill  help  him/her  guide  the  further  systematic  radiologic
nd  laboratory  examination.  Close  cooperation  between
he  surgeon,  the  anesthesiologist,  and  the  cardiologist  is
equired  especially  for  patients  with  undiagnosed  hyper-
ension.  It  is  of  great  importance  that  the  anesthesiologist
andling  such  cases  is  aware  of  how  NF-1  affects  different
hysiological  systems  while  adjusting  his/her  knowledge  to
he  individuality  of  each  patient.
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LETTER TO THE EDITOR
Separate circuit nasal cannulae for
end-tidal CO2 monitoring may lead
to hypoxia in patients with
unilateral nasal airway obstruction
Dear Editor,

Monitored anesthetic care in the form of moderate or deep
sedation is ubiquitous in anesthesia practice. Given that
most sedative agents affect respiration, hypopnea and
apnea (secondary to airway obstruction and/or central ner-
vous system depression) is of constant concern, as it may
lead to significant hypoxia and potentially respiratory or car-
diovascular collapse. In this setting, nasal cannulae are com-
monly used to provide low-flow supplemental oxygen to
patients undergoing procedural sedation. The utilization of
capnography monitoring has been shown to decrease the
incidence of hypoxia compared to supplemental oxygen
alone, likely due to earlier detection of ventilatory inade-
quacy allowing prompt intervention prior to the develop-
ment of critical hypoxia.1,2 Therefore, capnography
monitoring is deemed mandatory for all patients undergoing
general anesthesia or procedural sedation by many
renowned anesthesiology societies worldwide.3-6 Hence,
nasal cannulae with combined side-stream sampling ports
for waveform capnography monitoring are commonly used
by anesthesiologists.

Differences in nasal cannula design, however, can influ-
ence their ability to deliver O2 while concurrently and accu-
rately sampling end-tidal CO2 (EtCO2). For instance, expired
CO2 can be washed out by high oxygen flows within standard
nasal cannulae where oxygen is delivered into both nares
through bilateral prongs (Fig. 1A). Conversely, a “separate
circuit” design − whereby oxygen is delivered through one
(single) nare and CO2 is sampled from the other/contralateral
nare (Fig. 1B)− can be more effective in such instances.

Indeed, this “independent/separate circuit” cannula
design is particularly beneficial when higher oxygen flows
are required as it prevents the expired gas mixture from
being washed out by the oxygen flow, thereby significantly
improving accuracy of waveform capnography monitoring.
However, delivering oxygen to a single nare is not ideal and
can, in some cases, present a safety risk. For instance,
patients with acute and/or chronic unilateral nasal
https://doi.org/10.1016/j.bjane.2023.07.001
0104-0014/© 2023 Sociedade Brasileira de Anestesiologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
obstruction may become hypoxic if oxygen is delivered to
the obstructed nare. Additionally, increasing oxygen flow
rate is unlikely to improve the hypoxemia in such instances.
Notably, (unilateral) nasal airway obstruction is a common
symptom and can occur due to a variety of processes, includ-
ing sinonasal mass, acute sinusitis following upper respira-
tory tract infection, chronic sinusitis, allergic rhinitis, nasal
polyps, and septal deviation.7

Anesthesiologists should be aware of the specific type of
EtCO2-monitoring nasal cannulae used at their institution,
while also being aware of potential new equipment they
may be faced with minimal or no forewarning due to product
shortages commonly seen in this post-pandemic era. Consid-
eration should be given to assessing patients for nasal
patency prior to using nasal cannulae, particularly when
independent/separate circuit cannulae are the only option
available. In such instances, if a patient with unilateral nasal
obstruction becomes hypoxic, the cannula can be
turned 180 degrees thus delivering oxygen to the opposite
(patent) nare which may improve oxygenation. Finally, in
patients with known nasal airway obstruction, consideration
should be given to utilizing a facemask for oxygen delivery.
Notably, EtCO2 monitoring can also be adapted to a face-
mask to allow for both adequate oxygen delivery and cap-
nography monitoring (Fig. 1C).

Both supplemental oxygen delivery and capnography
monitoring are essential for patient safety and should,
therefore, be routinely incorporated into monitored anes-
thetic care. Given the current paucity of data surrounding
safety and efficacy of different capnography-monitoring
devices commonly used in procedural sedation, future
research is needed to ensure that devices can accurately
measure EtCO2 without compromising oxygen delivery (i.e.,
regardless of the adopted [higher] oxygen flows). This, how-
ever, may become increasingly difficult with new oxygen
delivery devices, such as high-flow nasal cannulae. Never-
theless, familiarity with the various options for capnogra-
phy-monitoring devices and their respective potential
limitations is advisable for practicing anesthesiologists.
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Figure 1 Alternatives to provide supplemental oxygen while concurrently monitoring end-tidal CO2 (EtCO2) during procedural
sedation. (A) Standard nasal cannula. (B) EtCO2-measuring nasal cannula with independent/separate circuits for oxygen delivery and
EtCO2 sampling. The impermeable barrier between circuits at the level of the nasal prongs is denoted with a red arrow. Note the one-
way oxygen inflow and CO2 outflow (white arrows) through the independent/separate circuits. (C) Facemask with adapted EtCO2 sam-
pling tubing using an intravenous cannula.

J.C. Cohen, A.M.H. Ho, H.D. O’Reilly et al.
Conflicts of interest

The authors declare no conflicts of interest.
References

1. Askar H, Misch J, Chen Z, Chadha S, Wang HL. Capnography moni-
toring in procedural intravenous sedation: a systematic review
and meta-analysis. Clin Oral Investig. 2020;24:3761−70.

2. Saunders R, Struys MMRF, Pollock RF, Mestek M, Lightdale JR.
Patient safety during procedural sedation using capnography
monitoring: a systematic review and meta-analysis. BMJ Open.
2017;7:e013402.

3. Dobson G, Chau A, Denomme J, et al. Guidelines to the Practice of
Anesthesia: Revised Edition 2023. Can J Anaesth. 2023;70:16−55.

4. Klein AA, Meek T, Allcock E, et al. Recommendations for Stand-
ards of Monitoring During Anaesthesia and Recovery 2021. Anaes-
thesia. 2021;76:1212−23.

5. Hinkelbein J, Lamperti M, Akeson J, et al. European Society of
Anaesthesiology and European Board of Anaesthesiology Guide-
lines for Procedural Sedation and Analgesia in Adults. Eur J
Anaesthesiol. 2018;35:6−24.
700
6. Practice Guidelines for Moderate Procedural Sedation and Anal-
gesia 2018. A Report by the American Society of Anesthesiologists
Task Force on Moderate Procedural Sedation and Analgesia, the
American Association of Oral and Maxillofacial Surgeons, Ameri-
can College of Radiology, American Dental Association, American
Society of Dentist Anesthesiologists, and Society of Interven-
tional Radiology. Anesthesiology. 2018;128:437−79.

7. Villwock JA, Kuppersmith RB. Diagnostic algorithm for evaluating
nasal airway Obstruction. Otolaryng Clin North Am. 2018;51:
867−72.

Jared C. Cohen a, Anthony M.-H. Ho a,
Heather D. O’Reilly b, Glenio B. Mizubuti a,*

a Queen’s University, Department of Anesthesiology and
Perioperative Medicine, Kingston, Ontario, Canada
b Children’s Hospital of Eastern Ontario, Department of
Anesthesiology and Pain Medicine, Ottawa, Ontario, Canada

* Corresponding author.
E-mail: Gleniomizubuti@hotmail.com (G.B. Mizubuti).
Received 2 May 2023; accepted 3 July 2023
Available online 9 July 2023

http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0003
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0003
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0004
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0004
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0004
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0005
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0005
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0005
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0005
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0006
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0007
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0007
http://refhub.elsevier.com/S0104-0014(23)00069-6/sbref0007
http://orcid.org/0000-0003-1976-9218
http://orcid.org/0000-0002-9721-4499
http://orcid.org/0000-0002-9721-4499
http://orcid.org/0000-0002-9721-4499
http://orcid.org/0009-0002-4085-5452
http://orcid.org/0009-0002-4085-5452
http://orcid.org/0000-0002-5515-829X
http://orcid.org/0000-0002-5515-829X
http://orcid.org/0000-0002-5515-829X
mailto:Gleniomizubuti@hotmail.com


Brazilian Journal of Anesthesiology 2023;73(5): 701−703
LETTER TO THE EDITOR
Erector spinae plane block for
urgent pleuroscopy: a possible
change in anesthetic approach for
high-risk patients
Dear Editor,

Pleuroscopy, also known as medical thoracoscopy, is a com-
monly performed diagnostic and therapeutic procedure
regarded as the cornerstone of pleural disease management.
The anesthetic management of these patients is not stan-
dardized, ranging from sedation with local anesthesia to
general anesthesia with definitive airway control. Even if a
considerable proportion of pleuroscopy patients have multi-
ple comorbidities besides respiratory disease, pleuroscopy is
usually performed in a bronchoscopy suite on an outpatient
basis. The challenges in managing pleuroscopy cases include
lateral decubitus positioning, iatrogenic pneumothorax,
pendelluft ventilation, and sedation effects, which may
result in significant respiratory compromise and potentially
life-threatening complications. A trocar (6.5 to 11.5 mm)
and a video thoracoscope with a 0° optical telescope are
inserted 1 to 2 cm on the midaxillary line between the fourth
and seventh intercostal spaces; the procedure is painful,
especially in the case of talc insufflation or biopsies, making
perioperative pain control one of the fundamental goals of
its anesthetic management.1

The erector spinae plane block (ESPB), a newer regional
anesthetic technique, is an ultrasound-guided interfascial
plane block that provides somatic, visceral, and sympathetic
nerve block at multiple dermatome levels. The first report of
the successful use of this procedure was in 2016, when the
block was used to manage thoracic neuropathic pain.2 Since
then, the block has been reported to be used successfully in
a multitude of procedures. Either using a single-injection
technique or via catheter placement for continuous infusion,
the technique is relatively easy to perform, and it has
become a frequent choice for anesthesiologists who are
looking for an effective option for postoperative analgesia.
Following the current recommendation of multimodal
approach for thoracic procedures, ESPB is highly recom-
mended as an option for postoperative analgesia.3 Due to its
simplicity of performance, efficacy, and safety it has gained
much popularity in thoracic surgery as an alternative to
more invasive blocks, such as paravertebral and epidural.4
https://doi.org/10.1016/j.bjane.2023.06.003
0104-0014/© 2023 Sociedade Brasileira de Anestesiologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Anesthesia and analgesia for thoracic procedures, specifi-
cally pleuroscopy, present unique challenges given the spec-
trum of underlying pulmonary disease and susceptibility to
respiratory complications in this group of patients. Other
clinical conditions, such as obesity or cardiomyopathy, may
make the management of these patients even more prob-
lematic. In this report, we present ESPB as a sole anesthetic
technique for pleuroscopy in a high-risk patient.

A 79-year-old man was referred to the bronchoscopy ser-
vice for urgent pleuroscopy after computerized chest
tomography had revealed a left massive pleural effusion of
unknown origin. The patient’s medical history included mor-
bid obesity (BMI > 40 kg.m�2), confirmed obstructive sleep
apnea (OSA), chronic kidney disease (Stage 3a), chronic liver
disease (Child-Pugh category B), chronic respiratory failure,
arterial hypertension, and predicted difficult airway.
Arterial blood gas analysis showed severe hypoxia
(PaO2 50 mmHg on room air and PaCO2 49 mmHg). The
patient presented with leukocytosis and mild anemia
with normal clotting screen and albumin concentration
(30 g.L�1). Regular medication therapy included angiotensin
converting enzyme inhibitors, beta-2 agonist inhalers, and
aspirin. Upon arrival in the bronchoscopy suite, the patient
was cooperative, hypertensive (180/110 mmHg), with sinus
tachycardia on electrocardiogram (110 bpm), and com-
plained of chest pain (Numerical Rating Scale [NRS 7/10]).
Oxygen saturation (SpO2) was 91% on a Venturi oxygen mask
(FiO2 45%). The patient had been in the Emergency Room
for 12 hours already and a previous thoracentesis attempt
had been unsuccessful. Due to the patient’s foreseeable risk
of worsening cardiorespiratory function in case of sedation,
we decided to perform pleuroscopy using ESPB as the sole
anesthetic technique. The decision to proceed was made
along with the surgical team and the procedure was
explained to the patient.

After obtaining informed consent and placing the patient
in right lateral decubitus, the attending anesthesiologist
performed unilateral ESPB. By palpation of spinous processes
from C7 downward, the T5 spinous process was identified,
and a 6−13 MHz linear array transducer (Mylab One, Esaote,
Florence, Italy) was positioned 2 to 3 cm lateral to it, paral-
lel to the thoracic spine. After obtaining clear visualization
of the trapezius, rhomboid major, and erector spinae
muscles superficial to the T5 transverse process, a 21G, 85-
mm needle (Echoplex, Vygon, Padova, Italy) was inserted in
a cephalad direction with an in-plane technique, until the
evier España, S.L.U. This is an open access article under the CC BY-NC-
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needle tip lay in the plane below the erector spinae muscles.
Correct needle tip location was confirmed by injection
of 2 ml of 0.9% NaCl which was followed by 25 ml of 0.5%
ropivacaine. The patient’s baseline heart rate and blood
pressure decreased to 70 bpm and 105/67 mmHg, respec-
tively, after a few minutes as pain intensity significantly
decreased (NRS2). Fifteen minutes later, a sensory blockade
to cold was evident between T4 and T8 vertebral level in the
anterior, lateral, and posterior sections of the left hemi-
thorax. Oxygen was supplemented with a non-rebreathing
oxygen mask with reservoir bag (set to 15 L.min�1 for
about 95% of FiO2) and SpO2 was 96% with respiratory rate
of 18 breaths/min. A 7.5 mm trocar was inserted under
ultrasonographic guidance in the 5th intercostal space, mid-
axillary line. Drainage of 1200 ml of fluid was followed by
pleural biopsies and talc pleurodesis; a 24Fr chest drain was
inserted at the end of the procedure. The patient remained
comfortable throughout, with improved peripheral oxygen-
ation after drainage. Postoperative analgesia management
was based on acetaminophen 1 g intravenous (IV)
every 8 hours, reserving opioid analgesia only in case of
NRS ≥ 4 because of the increased risk for respiratory depres-
sion. The patient’s subsequent recovery was uneventful, not
requiring rescue analgesia over 48 hours.

Pleuroscopy can usually be performed safely with a com-
bination of midazolam, opioids, and local anesthesia.
Although ketamine is largely used for procedural sedation
and analgesia, especially in the emergency department, it
can cause vomiting or nausea and post-procedural agitation.
Moreover, although ketamine induced hemodynamic changes
make it suitable for patients with cardiac conditions, it is
contraindicated in patients with serious myocardial disease
or heart failure particularly in the context of increased myo-
cardial oxygen consumption.5 Since we did not have a recent
cardiac echocardiogram for this patient, we felt ketamine
was not the best choice in this case. Based on these observa-
tions, in patients with precarious respiratory status and at
high risk for sedation-related adverse events, regional anes-
thesia might represent a safer solution. The idea of using
regional anesthesia as a sole nerve block to provide effective
anesthesia for a procedure, especially in high-risk patients,
is not a new approach;6 the use of thoracic epidural anesthe-
sia (TEA) and paravertebral block (PVB) for pleuroscopy has
been previously reported.7 Still, both techniques are poten-
tially difficult in morbidly obese patients because of issues
with anatomical landmark identification, patient position-
ing, needle length choice, and local anesthetic dosage. ESPB
allows for different patient positions during the procedure,
easily identifiable landmarks with the appropriate ultra-
sound probe, and a reliable volume-dependent block. ESPB
complications are rare with proper ultrasound visualization,
as the target area is distant from the pleura, blood vessels,
and nerves. As ESPB is recommended for thoracic surgery, it
could be argued as sufficient to provide anesthesia and anal-
gesia for less invasive thoracic procedures.4

Ropivacaine as a single shot local anesthetic can be con-
sidered safe in patients with liver and kidney disease.8 In
patients with chronic end-stage liver disease, peak plasma
concentrations of ropivacaine after a single intravenous
ropivacaine dose are similar to those in healthy subjects.8,9

Additionally, uremic patients have significantly higher
alpha-1-acid glycoprotein plasma concentrations than non-
702
uremic patients, so the peak plasma concentrations of free
ropivacaine (related to toxicity) are similar in both groups.8

Importantly, we would like to highlight how our approach
was different from the one adopted in the only other pub-
lished study on this topic, a small retrospective case series
highlighting the feasibility of ESPB for pleuroscopy.10 Unlike
that study, where all patients were brought to the operating
room and ESPB and opioids were used as anesthetic tech-
nique,10 we opted to perform ESPB in a bronchoscopy suite,
taking the same precautions as in the operating room for
urgent cases, due to our patient’s high risk. ESPB allowed
him to remain comfortable without the need for opioids;
this is a previously shown opioid-sparing effect of ESPB, mak-
ing it a suitable choice for patients with a significant risk of
opioid-induced respiratory depression, particularly in the
presence of OSA and/or a difficult airway.11 Should rescue
analgesia be needed, ESPB can be repeated at the ward or
used in continuous mode.

Our patient was awake with no need for maintenance of
the airway; in case of emergency, airway patency and lung
ventilation would be established by placing a second genera-
tion supraglottic airway device.12 We planned to maintain
the patient’s spontaneous breathing to avoid the risks of
general anesthesia and consequent tracheal intubation.
However, a difficult airway trolley was readily available in
case of airway problems.

In summary, we demonstrated the efficacy and safety of
ESPB for urgent pleuroscopy in a high-risk patient in the out-
patient setting which, combined with the patient’s risk fac-
tors, mandated avoidance of sedation and opioids. However,
a single case report cannot demonstrate without doubt the
superiority of any technique. More evidence about ESPB as a
safe technique for pleuroscopy is needed from appropriately
sized non-inferiority type studies to confirm its suitability
for standardized adoption.
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