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EDITORIAL
Anesthesia services management, economics, and new
technologies
A significant number of us are keen on expanding our knowl-
edge of anesthesia service management and its intricacies,
eagerly anticipating this year’s CBIGS (Congresso Brasileiro de
Inovaç~ao e Gest~ao em Sa�ude, Brazilian Meeting on Health
Management and Innovation). While we await CBIGS, this issue
of the Brazilian Journal of Anesthesiology (BJAN) will provide
invaluable insights into the latest evidence for managers.

Anesthesia services must consider various competing per-
spectives, given that they often serve multiple clients simul-
taneously, including patients, surgeons, and hospitals.
Achieving balanced results that satisfy these different per-
spectives is challenging. In Brazil, residency programs tend
to emphasize on clinical and practical knowledge, making it
easier for most providers to satisfy patients’ and surgeons’
perspectives. Nonetheless, hospital managers’ requests may
appear peculiar and daunting, as they frequently summon
anesthesia services leaders to take measures to enhance
efficiency and expand coverage, rather than focus on clinical
outcomes. In this editorial, we explore some pertinent
topics related to efficiency (economics) and coverage (oper-
ating room management).

In this edition, BJAN invites leaders of anesthesia services
to peruse the new articles we have selected to enhance their
understanding of operating room management and anesthe-
sia efficiency.
Operating room management

Services that experience high demand for surgeries should
take into account in their strategic planning the need to
attract procedures that generate higher profits. It is impor-
tant to be cautious when investing in procedures with high
expected contribution margins, such as complex surgeries,
as their hourly profitability may turn out to be low if either
they take longer than expected or if their length of stay is
longer than predicted, as evidenced by Saporito et al.1 Anes-
thesiology groups should also consider this idea, as investing
in performing low-complexity procedures can sometimes be
https://doi.org/10.1016/j.bjane.2023.04.001
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/
more profitable than investing in high-complexity proce-
dures. Low-complexity procedures typically exhibit consis-
tent demand and shorter durations, thus yielding a high
hourly profitability.

Another issue regarding high complexity is related to the
size of nurse and anesthesia teams, as larger teams present
high fixed costs and variable demand results in lower profit-
ability. Optimizing the tasks of Postoperative Care Unit
nurses, for example, could reduce the risk of clinical compli-
cations, nurse burnout, and improve efficiency, as suggested
by Vacheron et al.2 This interesting study employs an artifi-
cial intelligence model (C 5.0) to select the primary predic-
tors of the type of multitask performed. Leaders can
directly apply the study’s results and indirectly adopt the
same methodology to analyze internal data, thereby learn-
ing from this exemplary approach.
Anesthesia efficiency and new technologies

In the literature, one significant topic discussed with hospi-
tal managers about anesthesia efficiency is the choice of
anesthesia for some procedures, as the direct costs for
regional or general anesthesia are readily available for
them, which is controversial. Graff et al.’s literature review
found inconsistent results, except in cases where there is a
high demand for ambulatory anesthesia and well-systema-
tized processes.3 Therefore, managers must exercise cau-
tion when discussing this matter with anesthesia providers.
This challenge is further heightened by the findings of Cal-
ciolari et al, which indicate that regional anesthesia is asso-
ciated with significant adverse effects and costs.4

In addition, they discuss the challenge of evaluating the
cost-effectiveness of implementing new technology in anes-
thesiology. Due to the lack of studies on cost-effectiveness
for most technologies presented to us, which tend to focus
on efficacy, anesthesiologists face challenges in this area. As
such, there is high demand for formal cost-effectiveness
studies, prompting governments and larger healthcare
dade Brasileira de Anestesiologia. This is an open access article under
4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2023.04.001&domain=pdf
https://doi.org/10.1016/j.bjane.2023.04.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bjane.2023.04.001
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organizations to invest in specialized teams to assess the
economics of new technologies, such as REBRATS (https://
rebrats.saude.gov.br/) and numerous “NATS” (N�ucleo de
Avaliaç~ao de Tecnologias) found in almost every hospital in
Brazil. Without such studies, anesthesia service leaders face
pressure from their teams and the industry, which often
makes promises or raises expectations of higher clinical
quality, while also facing questions from hospital administra-
tors seeking evidence for cheaper alternatives, including not
using such technology.

Babazade et al provided a timely cost-minimization anal-
ysis for a new technology, to replace the loss of resistance
technique used to identify the epidural space, and that has
been shown to reduce costs by mitigating postdural puncture
headache.5 While this may not be the most ideal design for
decision-making, particularly with regard to cost-utility or
cost-effectiveness studies, it still provides us with superior
evidence when compared to most of the new technology we
currently use.

We hope our readers get a sip of all this new knowledge
and apply it to improve their services while we wait for
CBIGS.
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Abstract
Background  and  objectives:  Contribution  margin  per  hour  (CMH)  has  been  proposed  in  health-
care systems  to  increase  the  profitability  of  operating  suites.  The  aim  of  our  study  is  to  propose
a simple  and  reproducible  model  to  calculate  CMH  and  to  increase  cost-effectiveness.
Methods:  For  the  ten  most  commonly  performed  surgical  procedures  at  our  Institution,  we
prospectively  collected  their  diagnosis-related  group  (DRG)  reimbursement,  variable  costs  and
mean procedural  time.  We  quantified  the  portion  of  total  staffed  operating  room  time  to  be
reallocated  with  a  minimal  risk  of  overrun.  Moreover,  we  calculated  the  total  CMH  with  a  random
reallocation  on  a  first  come-first  served  basis.  Finally,  prioritizing  procedures  with  higher  CMH,
we ran  a  simulation  by  calculating  the  total  CMH.
Results:  Over  a  two-months  period,  we  identified  14.5  hours  of  unutilized  operating  room  to
reallocate.  In  the  case  of  a  random  ‘‘first  come---first  serve’’  basis,  the  total  earnings  were
87,117 United  States  dollars  (USD).  Conversely,  with  a  reallocation  which  prioritized  procedures
with a  high  CMH,  it  was  possible  to  earn  140,444  USD  (p  <  0.001).
Conclusion:  Surgical  activity  may  be  one  of  the  most  profitable  activities  for  hospitals,  but  a
cost-effective  management  requires  a  comprehension  of  its  cost  profile.  Reallocation  of  unused
operating  room  time  according  to  CMH  may  represent  a  simple,  reproducible  and  reliable  tool
for elective  cases  on  a  waiting  list.  In  our  experience,  it  helped  improving  the  operating  suite
cost-effectiveness.
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A.  Saporito,  D.  La  R

ntroduction

n  the  last  decades,  industrialized  countries  have  witnessed
 continuous  and  uncontrolled  rise  in  healthcare  costs.1 The
ustainability  of  healthcare  systems  is  intended  as  long-term
ractices  to  maintain  and  improve  the  standard  of  care  by
n  economical  point  of  view,  without  negatively  impact  on
ocial  and  health  aspects  of  the  community.  Sustainability
ill  be  one  of  the  crucial  challenges  that  all  developed
ountries  will  have  to  face  in  the  near  future.  The  politi-
al  pressure  on  hospitals  and  clinics  to  reduce  healthcare
xpenses  will  increase  in  the  next  years  and  ultimately
ffect  daily  clinical  decisions.  Therefore,  the  relevance  of
conomic  criteria  in  clinical  decision-making  will  increase
onsensually.2 The  conundrum  of  healthcare  systems  sus-
ainability  has  become  a  well-recognized  ethical  issue,  with
he  consequent  risk  of  cream-skimming  (i.e.,  a  practice
here  only  patients  and  medical/surgical  services  bringing

ignificant  profits  to  the  healthcare  facility  are  selected)  and
nequal  access  to  healthcare.

The  introduction  of  the  diagnosis-related  group  (DRG)
n  the  1990s  overall  helped  in  containing  costs,  aiming  to
ncrease  turnover,  lower  the  length  of  stay3 and  perform
ore  cases.  DRG-based  payments  were  gradually  introduced

n  many  other  countries  and  nowadays  have  become  the
rincipal  form  of  hospitals  reimbursement  in  most  devel-
ped  countries.4---6 The  cost-effectiveness  ratio  of  a  surgical
ctivity  is  mainly  determined  by  an  optimization  of  its  fixed
osts.7,8 Personnel  costs  represent  the  major  contributor  to
xed  costs  and  go  in  parallel  with  the  duration  of  surgical
rocedures,  namely  operating  room  time.  Thus,  the  operat-
ng  suite  is  a  service  at  constant  risk  of  switching  from  being

 source  of  profit  to  being  a  source  of  important  losses  for  the
ospital.  Nevertheless,  a  hospital’s  mission  implies  offering
ome  services  to  the  population  even  when  they  are  not
rofitable.  In  order  to  increase  profitability  without  compro-
ising  accessibility,  operating  room  time  may  be  allocated
y  prioritizing  elective  cases  with  a  higher  contribution.8---10

The  contribution  margin  (CM)  represents  the  difference
etween  the  DRG-based  reimbursement  and  variable  costs
f  a  surgical  procedure.  The  calculation  of  CM  has  already
een  used  in  some  healthcare  settings  to  assess  the  prof-
tability  of  a  given  service  or  department,  with  important
mplications  for  the  hospital’s  policy.  The  concept  of  the  CM
as  become  important  in  healthcare  management,  partic-
larly  in  relation  to  the  DRG.  The  CM  provides  one  way  to
how  the  profit  potential  of  a  particular  surgical  interven-
ion  and  helps  to  cover  fixed  costs.  However,  the  calculation
f  the  CM  of  surgical  cases  is  not  a  valuable  parameter  to
ssess  its  profitability,  unless  it  is  related  to  time,  i.e.,  the
ime  required  for  a  given  procedure.11

The  aim  of  our  study  is  to  propose  a  simple  and  repro-
ucible  model  to  calculate  the  CM  per  hour  (CMH),  to
valuate  a  possible  economic  gain,  and,  ultimately,  to
ncrease  cost-effectiveness.

ethods
etting

ased  on  real  data  from  the  operating  suite  of  a  Swiss  sec-
ndary  level  public  hospital,  Bellinzona  Regional  Hospital,
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e  identified  the  ten  most-commonly  performed  elective
on-oncological  surgical  operations  in  2017  (Fig.  1).  No
nformed  consents  nor  institutional  review  board  approval
as  required  since  all  financial  data  were  fully  anonymized,

n  accordance  to  the  present  Swiss  legislation.

ata  collection

or  each  operation,  we  considered  its  total  DRG-based
eimbursement,  variable  costs  and  procedural  time.  Con-
equently,  we  calculated  the  CMH.  In  particular,  the  CMH
as  defined  as  the  reimbursement  for  a  procedure  according

o  DRG-grouping  minus  variable  costs  divided  by  the  aver-
ge  calculated  length  of  the  surgical  procedure.6 Fixed  costs
re  those  that  do  not  vary  with  outputs,  such  as  equipment,
uildings,  and  salaries.  Variable  costs,  which  change  pro-
ortionally  to  output,  were  defined  in  this  case  as  operating
oom  costs  directly  attributable  to  the  patient  such  as  test
eagents,  medications  and  disposable  materials  and  supplies
non-fixed  costs).  The  length  of  the  surgical  procedure  was
efined  as  the  time  between  the  onset  of  anesthesia  in  the
perating  suite  and  the  entrance  in  the  recovery  room  at  the
nd  of  the  surgical  intervention;  it  was  rounded  to  the  clos-
st  quarter  of  hour.  Over  a  two  months  period,  we  quantified
he  portion  of  total  staffed  operating  room  time  represented
y  the  unused  operating  room  time.  Such  time  could  can
e  reallocated  to  elective  surgical  activity  with  a  minimal
isk  of  overrun.  The  unutilized  total  staffed  operating  room
ime  was  defined  as  the  total  time  with  planned  personnel
n  a  day  or  week  that  was  not  exploited  for  surgery  (for
xample  in  the  case  of  a  cancelled  operation  or  procedures
nding  earlier  than  planned).  The  minimum  risk  of  overrun
as  defined  as  the  occupation  as  close  as  possible  to  80%  of
vailable  elective  slots  on  a  given  day.12

ata  simulation

e  eventually  calculated  the  cumulative  CMH  for  every
urgical  intervention  as  the  total  CMH  obtained  with  a
eallocation  of  the  unexploited  operating  room  time  on  a
rst-come  first-served  basis  among  the  waiting  list  of  surgi-
al  operations  at  our  institution.  Finally,  we  ran  a  simulation
alculating  the  cumulative  CMH  over  that  period  with  a  simu-
ated  reallocation  of  the  unexploited  operating  room  time  by
rioritizing  procedures  with  a  higher  CMH  from  the  waiting
ist.  All  financial  data  is  expressed  in  United  States  dollars
USD):  Swiss  Franc  to  USD  exchange  rate  =  1.05  (last  updated
n  06.29.2020).

tatistical  analysis

e  used  MedCalc  Statistical  Software  version
9.2.6  (MedCalc  Software  Ltd,  Ostend,  Belgium;
ttps://www.medcalc.org; 2020).  Descriptive  statistics
ere  presented  as  a  mean  with  standard  deviation  (SD)

or  continuous  variables.  The  average  reimbursement  of

MH  and  the  total  CM  were  calculated  for  the  ten  most
ommonly  performed  surgical  operations  during  the  study
eriod  and  for  the  simulation.  The  Student’s  t-test  assuming
ndependent  variable  was  applied  to  evaluate  CMH  differ-

4
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Figure  1  Flow  ch

nces  between  the  groups  (first  come---first  served  group  vs.
igher  CMH  group).  The  threshold  of  statistical  significance
as  set  at  p  <  0.05.

esults

he  CMH  of  the  ten  most-commonly  performed  elective
urgical  operations  are  reported  in  Table  1.  Soft  tissue  oper-
tions  (e.g.,  skin  lesions,  skin  transplants),  trans-urethral
esection  of  the  prostate  and  total  hip  replacement  yielded  a
ontribution  margin  between  9,000  and  10,500  USD  per  hour.

As  second  step  of  the  analysis,  we  identified  14.5  hours  of
nused  operating  room  time  over  a  two-month  period  that
ould  be  reallocated  with  a  minimum  risk  of  overrun  accord-
ng  to  Green  L  et  al.12 According  to  the  simulation,  while  the
ctual  cumulative  CMH  was  USD  87,117  (Table  2),  the  hypo-
hetical  cumulative  CM  achievable  by  prioritizing  procedures
ith  the  highest  CMH  of  operating  room  time  would  have
een  USD  140,444  (mean  CMH  over  the  study  period  =  USD
,989  ±  1,857  vs.  mean  CMH  of  the  simulation  =  USD
,406  ±  2,814,  p  <  0.001).  Since  only  elective  procedures
ere  prioritized  according  to  this  criterion,  access  to  urgent

urgery  was  not  jeopardized.  Therefore,  the  CMH  of  oper-
ting  room  time-based  approach  was  applied  to  elective
urgical  cases  on  the  waiting  list  to  reallocate  the  unutilized
perating  room  time.  Details  are  reported  in  Table  3.

iscussion
he  potential  economic  impact  of  CMH  of  operating  room
ime,  to  rationally  reallocate  unexploited  operating  room
ime  to  elective  procedures  on  the  waiting  list,  may  be

r
p
f
i

24
f  the  study  design.

normous.  In  fact,  during  the  2-months  simulation  period
escribed  in  the  present  study,  the  actual  cumulative  CMH
USD  87,117)  could  be  increased  by  61%  (hypothetical  cumu-
ative  CMH:  USD  140,444).

Effective  reallocation  of  unutilized  operating  room  time
s  a  convenient  tool  to  improve  global  cost-effectiveness
f  the  operating  theatre  and  has  therefore  strong  strategi-
al  implications.  Ideally,  the  allocation  of  staffed  operating
oom  time  should  fit  exactly  with  the  requirements  of  sur-
ical  services.13,14 Although  different  techniques  exist  to
llocate  surgical  slots  and  to  minimize  under-used  operating
oom  time,  given  the  nature  itself  of  the  surgical  activity,
perating  room  managers  always  have  to  administer  some
nutilized  operating  room  time.15---17

CM  may  be  a  straightforward  criterion  to  incorpo-
ate  economic  ponderations  into  clinical  and  managerial
ecision-making  by  simply  prioritizing  reallocation  of  unex-
loited  operating  room  time  among  surgeons  and  surgical
ervices.18 However,  CM  can  be  a  misleading  concept:  a
ingle  operation,  in  fact,  may  have  a  very  high  absolute
M,  but,  in  parallel,  be  very  time  consuming.  Thus,  real-

ocating  unused  operating  room  time  to  procedures  with
 high  absolute  CM  could  also  represent  a  loss  in  terms
f  cost-opportunity.  Time  may  be  employed  more  effec-
ively  if  redistributed  to  other  different  shorter  procedures
ith  a  higher  CM  related  to  the  effectively  needed  oper-
ting  room  time.12,18 This  specific  issue  raises  the  problem
f  opportunity  costs;  in  fact,  all  reasonable  alternatives
hould  be  examined  before  making  a  decision  that  involves

esource  allocation,  since  opportunity  costs  represent  the
rofit  lost  when  one  alternative  is  selected  over  another.  In
act,  identifying  and  reallocating  unutilized  staffed  operat-
ng  room  time  with  a  minimum  risk  of  overrun  implies  the

5
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Table  1  The  ten  most-commonly  performed  surgical  operations  in  2017  with  contribution  margin  per  procedure  and  contribution
margin per  hour.

Procedure  Number  of  operations  Contribution  margin
per  procedure,  USD

Length  of  the  surgical
procedure,  hours  (SD)

Contribution  margin
per  hour,  USD  (SD)

Soft  tissue  operations 35  18,269  1.75  (0.3)  10,439  (2,026)
Trans-urethral  prostate  resection 37  7,327  0.75  (0.2) 9,769  (2,699)
Total hip  replacement  62  13,627  1.5  (0.4)  9,085  (2,720)
Open inguinal  hernia  repair  43  6,010  0.75  (0.2)  8,013  (2,409)
Trans-urethral  bladder  resection  86  5,856  0.75  (0.3)  7,808  (5,292)
Hysteroscopy  30  5,789  0.75  (0.3)  7,719  (5,705)
Laparoscopic  cholecystectomy  157  6,184  1.0  (0.3)  6,184  (1,696)
Arthroscopic  meniscectomy  31  3,985  0.75  (0.2)  5,313  (1,380)
Laparoscopic  ventral  hernia  repair 104  4,115  1.0  (0.2)  4,115  (748)
Gastric by-pass  for  morbid  obesity  31  10,308  3.0  (0.7)  3,436  (951)

Data is expressed with mean and standard deviation (SD) in parentheses. Financial data is reported in United States dollars (USD).

Table  2  The  reallocated  surgical  operations  during  the  study  period  with  contribution  margin  per  hour  on  a  first-come  first-
served basis.

Procedure Number  of  operations Cumulative  length  of  the
surgical  procedure,  hours

Cumulative  contribution
margin,  USD

Hemorrhoidectomy  2  2  8,718
Fistula for  hemodialysis  1  1.5  11,112
Video-assisted  thoracoscopy  1  1.25  9,838
Hysteroscopy  2  1.5  11,578
Tension free  obturator  tape  positioning  (TVT-O)  1  1.25  4,955
Arthroscopic  meniscectomy  1  1  3,985
Laparoscopic  ventral  hernia  repair  1  1.25  4,115
Laparoscopic  ileostomy  1  2  13,333
Trans-urethral  bladder  resection  1  0.75  5,856
Total hip  replacement  1  2  13,627
TOTAL 12  14.5  87,117

Financial values are expressed in United Stated dollars (USD).

Table  3  The  simulation  of  the  surgical  operations  during  the  study  period  with  contribution  margin  per  hour.

Procedure  Number  of  operations  Cumulative  length  of  the
surgical  procedure,  hours

Cumulative
contribution  margin,
USD

Soft  tissue  operations 1  1.75  10,439
Trans-urethral  prostate  resection  5  3.75  48,845
Total hip  replacement  2  3  18,170
Open inguinal  hernia  repair  3  2.25  24,039
Trans-urethral  bladder  resection  4  3  31,232
Hysteroscopy  1  0.75  7,719
TOTAL 16  14.5  140,444

o
p
s
c
p
o
o
c

a
o
n
t
b

Financial values are expressed in United Stated dollars (USD).

pportunity  of  increasing  revenues.  In  this  perspective,  the
otential  choice  to  not  reallocate  these  resources  repre-
ents  an  opportunity  cost.  Moreover,  social  and  economic
osts  of  a  delayed  operation  that,  due  to  its  low  CMH,  is  not
rioritized  should  be  considered  as  well.  On  the  other  hand,

perations  with  a  high  CMH  would  be  prioritized  and,  despite
bvious  difficulties  in  estimating  actual  costs,  opportunity
osts  may  be  balanced  between  delayed/anticipated  oper-

r
i
o

24
tions.  Another  point  is  represented  by  unexploited  staffed
perating  room  time  in  a  context  in  which  trained  person-
el  is  not  engaged  in  clinical  activity  and  can  be  reallocated
o  alternative  but  still  necessary  tasks,  such  as  inventory,
ureaucracy,  teaching,  etc.  This  exploitable  time  would  be

educed  to  the  limit  of  minimum  overrun  risk  and  such  activ-
ties  should  be  redistributed.  This  would  determine  a  cost
pportunity,  but  being  such  activities  flexible,  we  could
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ssume  a  low  (although  not  neglectable)  impact  on  effi-
iency.  Opportunity  costs  may  represent  an  important  factor
o  take  into  account  and  further  studies  are  needed  to  assess
heir  relevance.

From  an  economical  point  of  view,  the  need  for  a  criterion
o  prioritize  resource  allocation  in  the  perioperative  setting
s  prone  to  many  conceptual  errors.  Each  elective  adjunc-
ive  procedure  does  not  necessarily  represent  an  increase
n  hospital  revenues.  A  given  operation  may  even  have  a
egative  CM  when  it  produces  an  operating  room  overrun,
hus  causing  personnel  overtime,  which  can  even  double  the
xed  cost  of  one  hour  of  operating  room  time.  An  effective
perating  room  management  must  therefore  aim  at  mini-
izing  both  under-used  and  over-used  operating  room  time,
y  implementing  both  daily  tactical  decisions  and  long-term
trategic  choices  such  as  slot  design  and  allocations.16

The  systematic  application  of  our  allocation  criterion  on
 vast  scale  could  have  a  significant  impact  on  the  cost-
ffectiveness  of  operating  suites  and  ultimately  on  total
ospitals  revenues.  Moreover,  the  adoption  of  the  concept
f  CMH  in  operating  room  management  is  not  only  an  effec-
ive  managerial  tool  which  can  contribute  to  implement
he  cost-effectiveness,  but  also  a  strategic  tool  for  the
ospital/clinic  as  a  whole.  In  fact,  through  a  more  cost-
ffective  allocation  of  its  resources,  a  hospital  could  also
hoose  to  promote  a  specific  sector  of  its  surgical  activity,
hich  would  contribute  the  most  to  the  overall  structure

ustainability.8,18 On  the  other  hand,  the  risk  of  a  CMH-based
pproach  in  the  allocation  of  healthcare  resources  such  as
perating  room  time  would  be  a  potential  cream-skimming
rocess,  that  selects  only  the  most  profitable  surgical  cases
ithin  a  given  case-mix,  which  would  represent  a  critical
thical  issue,  particularly  for  a  public  hospital.  Similarly,
ospital  administrators/managers  may  decide  to  prioritize
urgeons  who  can  complete  operations  faster,  but  the  sur-
ical  ability  is  not  the  only  factor  affecting  the  operative
ime  and  CMH.  In  fact,  many  time-consuming  surgical  steps
re  procedure-  and  patient-specific,  so  the  risk  would  be  of
electing  patients  in  which  a  fast  and  uncomplicated  opera-
ion  can  be  expected,  or  even  selecting  surgeons  who  select
atients.  The  risk  would  be  again  that  of  a  cream-skimming
rocess  for  surgeons  and  patients,  affecting  equal  access  to
ealthcare.  In  our  opinion,  it  is  of  utmost  importance  to  be
s  neutral  as  possible  and  not  to  consider  surgeons  individu-
lly,  though  this  model  might  be  prone  to  such  issue.  In  order
o  avoid  such  risks  and  preserve  equal  accessibility  to  the
perating  suite,  the  inclusion  of  CMH  among  the  criteria  to
llocate  operating  room  time  should  be  reserved  exclusively
o  unused  staffed  operating  room  time.  It  could  improve
his  resource  utilization  according  to  a  cost-effectiveness
riterion,  rather  than  on  a  simple  ‘‘come  first---serve  first’’
asis.9 Obviously,  the  most  common  elective  procedures  end
p  occupying  the  vast  majority  of  the  reallocated  operating
oom  time,  as  they  are  the  main  constituents  of  surgical  ser-
ices  waiting  lists.  Only  the  ten  most-commonly  performed
urgical  operations  were  considered  in  this  study.  Rarely  per-
ormed  operation,  even  with  a  more  profitable  CMH,  could
e  difficult  to  be  promptly  reallocated  and  may  not  con-

ribute  to  shorten  waiting  lists.19 However,  this  practice  may
e  uneconomical  for  a  public  hospital,  as  giving  regular  pri-
rity  to  elective  procedures  with  a  lower  CM  has  a  profound
mpact  on  the  operating  suite  cost-effectiveness.  On  the
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ther  hand,  the  optimization  of  surgical  procedures  with
 low  CM  should  be  considered  of  primary  importance.  In
his  way,  as  part  of  the  cost-effectiveness  analysis  of  sur-
ical  procedures,  a  low  CM  could  indicate  the  lack  of  a
ost-effective  resource  consumption.  Although  a  low  CMH
s  not  necessarily  associated  to  inefficient  resources’  opti-
ization,  workflow  processes  may  be  evaluated  for  possible

mprovements.
Moreover,  the  allocation  of  public  resources  should  not

e  simplistically  dismissed  as  unethical  or  in  some  way  sub-
rdinate  to  more  important  clinical  considerations.  On  the
ontrary,  in  a  context  of  increasingly  limited  resources,  cost-
ffectiveness  and  thus  the  sustainability  of  care  systems
ssumes  a  very  strong  ethical  connotation,  as  any  unnec-
ssary  resource  consumed  for  a  patient  is  eventually  denied
o  another  in  the  future.  According  to  Dexter  D.  et  al.,16 the
M  may  not  be  the  goal  itself,  but  it  is  a  tool  that  hospi-
al  administrators  can  use  to  cover  fixed  costs  and  still  have
ufficient  funds  remaining  for  the  society’s  common  good.
f  a  hospital  plans  to  expand  its  services  to  the  poor,  fund-
ncreasing  research,  and  so-forth,  then  it  must  also  identify
nd  maintain  an  appropriate  mix  of  larger-margin  services.16

Finally,  this  is  just  one  aspect  of  the  potential  increase  in
ospital  revenues  in  the  long  run,  in  the  case  such  approach
o  operating  room  management  is  systematically  applied.  In
act,  providing  incentives  such  as  attribution  of  more  oper-
ting  room  time  to  a given  surgical  activity  would  produce
ositive  consequences,  such  as  the  positive  impact  on  the
ublic  image  of  a  given  hospital  or  clinic.  As  a  consequence,
t  could  become  a  referral  center  for  a  given  surgery  and
onsequently  attract  more  patients  suffering  from  certain
onditions,  eventually  leading  to  the  performance  of  proce-
ures  with  a  high  CMH.

The  potential  values  of  this  model  are  its  feasibility,
eliability  and  reproducibility  among  hospitals  that  adopt

 DRG-based  reimbursement.  Our  results  are  not  directly
eproducible  in  terms  of  economic  revenue  but  they  give

 potential  basis  to  simply  apply  this  model  to  other
nstitutions.  A  retrospective  analysis  of  a  2-months  period
ollecting  the  DRG-based  reimbursements,  variable  costs
nd  operative  times  of  surgical  interventions  should  be
nough.  This  simple  model  should  easily  help  in  increas-
ng  the  cost-effectiveness  of  operating  rooms  according  to
pecific  hospital  settings.

Our  study  has  some  limitations.  Firstly,  the  analysis  was
ased  on  data  produced  by  a  2-months  study  period  only
n  order  to  provide  reproducibility  and  applicability.  Longer
ata  analyses  are  necessary  to  validate  this  model  and  to
est  reliability.  Secondly,  present  data  were  based  on  a  ser-
ice  operating  on  a  DRG  system  basis  and  its  conclusions
ight  not  be  directly  applicable  to  all  reimbursement  sys-

ems.  Capitation  and  fee-for-service  models  are  the  two
ain  methods  of  reimbursement.  The  fee-for-service  is
ivided  into  cost-based  reimbursement,  charge-based  reim-
ursement  and  prospective  payment.  CMH  cannot  be  applied
n  the  capitation  model,  while  in  the  fee-for-service  models
t  should  be  retrospectively  possible  in  the  cost-based  and
he  charge-based  reimbursements.  In  the  prospective  pay-

ent,  which  include  DRG-based  reimbursement,  it  should
e  easier  applicable,  as  demonstrated  by  our  study.  In
razil,  the  predominant  reimbursement  model  is  the  fee-
or-service  and,  therefore,  CMH  may  be  used.20 At  our
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nstitution,  a  peculiar  type  of  DRG  reimbursement  sys-
em,  called  Swiss-DRG,5 is  currently  adopted  and  it  shares
any  similarities  to  DRGs  in  other  European  countries  and

he  United  States.21---23 That  being  said,  even  if  reimburse-
ents  may  have  a  slightly  different  CMH  according  to  which

ealthcare  systems  is  considered,  results  should  remain
omparable.  Moreover,  economic  data  are  extremely  con-
ext  sensitive  and  may  change  significantly  among  different
ountries:  for  example,  reimbursements,  costs  of  personnel,
osts  per  unit  of  operating  room  time  are  extremely  differ-
nt  and  can  change  the  results  accordingly,  thus  affecting
heir  reproducibility.  However,  even  if  the  entity  of  revenues
nd  costs  may  change  in  terms  of  absolute  values,  the  prin-
iples  according  to  which  the  analysis  has  been  conducted
emain  valid  across  different  contexts:  the  staffed  operating
oom  time  is  the  most  relevant  surgical  fixed  cost,  affecting
he  whole  economics  of  the  clinical  perioperative  process.
n  order  to  optimize  hospital  revenues,  two  options  remain
alid:  on  the  one  hand,  the  increase  in  patients’  turnover
nd  the  performance  of  more  cases  in  the  same  available
taffed  hours;  on  the  other  hand,  the  completion  of  more
ases  with  a  higher  CMH  of  operating  room  time.16,17

Finally,  as  already  mentioned,  these  economic  aspects
re  not  the  only  criteria  according  to  which  the  surgical
ctivity  of  a  given  hospital  should  be  organized  and  man-
ged.  In  fact,  more  important  criteria  may  be  the  direct
onsequences  of  a  hospital’s  mission  and  its  strategy  in
he  long  run.  The  latter,  for  example,  may  contemplate
he  acceptance  of  incurring  in  a  temporary  loss  in  cost-
pportunity  as  a  form  of  investment,  in  order  to  incentivize

 given  surgical  activity,  which  is  regarded  as  strategic.  In
act,  as  it  usually  happens  in  other  contexts  with  regard  to
he  exploitation  of  precious  resources,  also  the  allocation  of
he  operating  room  time  should  be  rationally  considered  as
n  important  strategic  asset  and  used  accordingly.17 Short-
ning  the  waiting  list  of  a  given  surgical  service  by  constantly
llocating  more  operating  room  time  in  its  favor,  in  the  long
un,  shapes  the  image  of  the  hospital  in  the  direction  of  a
eferral  center  in  that  kind  of  procedure,  with  direct  posi-
ive  consequences  on  outcomes  and  quality  of  the  services
rovided.  Of  course,  this  cannot  be  the  case  for  a  public
ospital,  which  has  specific  obligations  toward  society  in
roviding  whatever  services  are  required,  independently  of
heir  profitability.  In  this  setting,  the  use  of  CMH  of  oper-
ting  room  time  of  given  surgical  procedures  may  also  be  a
elpful  tool  to  contribute  to  hospital  sustainability.

ummary

n  conclusion,  as  complex  issues  keep  seriously  jeopardiz-
ng  the  overall  sustainability  of  most  healthcare  systems  in
eveloped  countries,  economic  considerations  are  assuming

 new  ethical  dimension  and  are  increasingly  incorporated
nto  the  decision-making  process  by  healthcare  managers.
urgical  activity  may  be  one  of  the  most  profitable  activities
or  hospitals,  but  a  cost-effective  management  of  an  oper-
ting  suite  demands  a  comprehension  of  its  costs  profile.

o  summarize  this  last  aspect,  the  main  factor  affecting  an
perating  suite  cost-effectiveness  is  a  rational  utilization  of
ts  staffed  total  operating  room  time,  in  order  to  maximize
ccupation  while  avoiding  overruns.  Reallocation  of  unused

1

1

24
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perating  room  time  should  be  performed  according  to  eth-
cal  and  economic  principles.  CMH  may  represent  a  simple,
eproducible,  and  reliable  tool  in  the  setting  of  operating
oom  management.  The  CMH-based  reallocation  of  unused
taffed  operating  room  time  to  elective  cases  on  a  waiting
ist  could  improve  the  operating  suite  cost-effectiveness.
alidation  studies  are  needed  to  confirm  the  reliability  of
ur  model.
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Abstract
Background:  High-fidelity  (HF)  pediatric  patient  simulators  are  expensive.  This  randomized
study aimed  to  compare  the  quality  and  educational  impact  of  a  full-scale  simulation  workshop
with an  HF  infant  simulator  (SimBabyTM,  Laerdal)  or  with  a  low-cost  (LC)  simulator  composed
of an  inert  infant  manikin  with  SimBabyTM software  that  displays  respiratory/hemodynamic
parameters  on  a  monitor  for  medical  education  in  pediatric  difficult  airway  management.
Methods:  After  written  informed  consent,  anesthetists  and  emergency  or  ICU  physicians  par-
ticipated  in  teams  (4  to  6  participants)  in  a  training  session  that  included  direct  participation
and observation  of  two  difficult  intubation  scenarios.  They  were  randomized  into  two  groups
(HF group,  n  =  65  and  LC  group,  n  =  63).  They  filled  out  a  simulation  quality  score  (SQS,  0
to 50),  self-evaluated  their  anesthetists’  non-technical  skills  (ANTS)  score  (15  to  60),  and  an
educational  quality  score  (EQS,  0  to  60)  immediately  (T0,  main  criteria),  as  well  as  3  (T3)  and
6 (T6)  months  after  the  training  session.
Results:  We  enrolled  128  physicians.  Direct  participation  SQS  (39  ±  5  HF  group  versus  38  ±  5
LC group),  observation  SQS  (41  ±  4  H  F  group  versus  39  ±  5  LC  group),  ANTS  scores  (38  ±  4  HF
group versus  39  ±  6  LC  group),  T0  SQS  (44  ±  5  HF  group  versus  43  ±  6  LC  group),  T3  and  T6  SQS
were not  different  between  groups.
Conclusion:  Our  low-cost  simulator  should  be  suggested  as  a  less  expensive  alternative  to  an
HF simulator  for  continuing  medical  education  in  pediatric  difficult  airway  management.
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racheal  intubation  is  frequently  performed  in  children
n  anesthesia,  intensive  care,  and  emergency  medicine.
espite  the  development  of  guidelines,1 difficult  intubation
emains  a  major  cause  of  morbidity2 owing  to  the  physiolog-
cal  characteristics  of  infants  and  young  children,  thereby
ontributing  to  the  rapid  onset  of  hypoxia  during  apnea.3

he  incidence  of  laryngospasm  is  especially  increased  when
he  anesthetist  is  insufficiently  experienced.4 Continuing
ducation  in  difficult  intubation  is  more  necessary  since  it
s  less  common  in  children.5 High-fidelity  simulation  (HF)
s  a  positive  contribution  to  the  management  of  pediatric
mergencies  with  scenarios  that  recreate  the  clinical  con-
ext  as  closely  as  possible.6---8 HF  patient  simulators  such  as
he  SimBabyTM (Laerdal,  Stavenger,  Norway)  include  elec-
romechanically  controlled  systems  with  computer  software
n  order  to  mimic  physiological  functions  including  res-
iratory,  hemodynamic,  and  pathological  events.  Multiple
tudies  have  demonstrated  their  interest  in  initial  training
nd  continuing  medical  education  to  improve  technical  and
ehavioral  performance.9,10 Their  major  inconvenience  is
ost,  especially  since  this  very  fragile  equipment  requires
echnical  maintenance.  We  propose  a  low-cost  (LC)  alter-
ative  consisting  of  an  inert  infant  manikin  with  limited
unctionalities  and  a  monitor  which  displays  the  progres-
ion  of  respiratory  and  hemodynamic  parameters  using
imBabyTM software.

We  aimed  to  compare  whether  the  quality  and  the  educa-
ional  efficacy  perceived  by  HF  SimBabyTM simulator  learners
re  superior  or  not  to  an  LC  simulator  for  pediatric  diffi-
ult  airway  management  simulation  training  in  a  continuing
edical  education  course.

ethods

his  single-center  open  randomized  study  was  performed  in
he  High-Fidelity  Simulation  Center  of  our  University  after
pproval  by  our  Institutional  Ethical  Committee  (February
,  2012).  After  informed  written  consent,  all  the  anes-
hesiologists  and  emergency  or  intensive  care  physicians
certified  health  professionals  or  anesthesiologists,  or  emer-
ency  medicine  residents  at  the  end  of  their  training)  who
articipated  in  pediatric  difficult  airway  management  sim-
lation  training  in  2012  and  2013  were  included.  None  of
he  participants  was  at  his  or  her  usual  hospital  workplace.
xclusion  criteria  were  refusal  of  a  physician  to  participate
n  the  study.  In  that  case,  he  or  she  participated  in  the  course
ithout  completing  the  evaluation  questionnaires.

ediatric  simulators

ach  simulation  training  session  was  scheduled  for  a  team
f  4  to  6  participants  from  the  same  medical  specialty.
he  random  allocation  sequence  was  generated  using  a

andom-number  table  with  three  equilibrated  blocks.  Only
ne  investigator  generated  the  random  allocation  sequence,
nrolled  and  assigned  the  teams  as  HF  or  LC  groups.
llocation  was  implemented  using  sequentially  numbered
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nvelopes  which  were  opened  immediately  before  the  sim-
lation  session.

In the  HF  group,  the  simulator  was  a  SimBabyTM.  Briefly,
irway  configuration,  pulmonary  and  cardiac  auscultation,
horacic  movements  could  be  modified  in  order  to  simu-
ate  lingual  or  pharyngeal  edema,  difficult  or  accidental
elective  right  main  bronchus  intubation,  closed  vocal  cords,
aryngospasm,  bronchospasm,  or  acute  respiratory  distress.
t  was  possible  to  mobilize  the  head  in  extension  and
otation,  jaw  trust,  insert  a  stomach  tube  and  use  all  of
he  airway  devices.  If  insufflation  pressure  was  excessive,
tomach  dilatation  occurred  and  facial  mask  ventilation
ecame  difficult.  Peribuccal  cyanosis  appeared  when  SpO2

as  below  85%.  A  microphone  built  into  the  simulator  made
t  possible  to  hear  prerecorded  sounds  (screaming,  cry-
ng,  moaning,  complaining,  and  vomiting).  The  evolution
f  events  (dyspnea,  apnea,  obstruction,  thoraco-abdominal
synchrony,  laryngospasm,  bronchospasm)  and  the  mon-
tor  display  of  hemodynamics  (electrocardiogram,  blood
ressure)  and  ventilation  (respiratory  rate,  cyanosis,  SpO2,
apnogram,  O2,  N2O,  sevoflurane,  and  CO2 inspiratory  and
xpiratory  fractions)  was  controlled  by  an  instructor  using
redefined  scenario  scripts.

In  the  LC  group,  the  simulator  consisted  of  an  inert  infant
anikin  (Stat  Baby,  Simulaids  Ltd,  Leicestershire,  United

ingdom)  with  non-movement  and  limited  functionalities.
here  was  no  spontaneous  ventilation  or  color  change.  The
tomach  could  not  be  insufflated.  It  was  only  possible  to
lose  the  vocal  cords  or  generate  labial  edema  using  a
neumatic  system  by  air  through  a  50-ml  syringe  in  a  long
ube  connected  to  the  manikin.  All  the  airway  management
evices  described  above  were  usable.  The  manikin  was  not
onnected  to  a computer  system.  However,  the  changes  in
hysiological  parameters  displayed  on  the  monitor  were  also
ontrolled  by  an  instructor  with  SimBabyTM software  in  the
ame  manner  as  in  the  HF  group.

roceedings  of  the  simulation  session

he  environment,  equipped  according  to  the  scenario  (at
he  patient’s  home,  operating  room,  or  pediatric  emergency
oom  and  progression  of  the  simulation  was  strictly  identi-
al  whatever  the  simulator.  The  simulation  was  preceded
y  a  briefing  with  presentation  of  the  educational  objec-
ives,  simulator,  equipment,  and  environment.  To  ensure  the
eproducibility  of  simulation  training,  the  briefing,  control
f  the  simulation  software,  and  debriefing  were  always  car-
ied  out  by  the  same  instructor.  The  facilitator’s  role  was
lways  performed  by  one  of  the  three  investigators.  His  or
er  mission  was  to  provide  the  participants  with  additional
nformation  to  manage  the  case  and  help  them  with  the
nvironment.  In  the  LC  group,  the  facilitator  communicated
linical  data  that  could  not  be  transmitted  by  the  manikin
cyanosis,  apnea,  thoraco-abdominal  asynchrony,  ausculta-
ion  characteristics).

Physicians  participated  in  the  workshop  in  groups  of  4  to
 in  the  same  specialty.  Half  of  the  group  was  equipped  with

icrophones  and  participated  directly  in  the  first  scenario
hile  the  other  half  observed  the  scenario  in  another  room
ith  simultaneous  audio---video  retransmission.  The  reverse
rocedure  was  applied  to  the  second  scenario.  Each  learner

1
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C.  Lejus-Bourdeau,  F.

as  directly  involved  in  one  scenario  and  was  an  observer  for
he  second.  After  each  scenario,  the  debriefing  was  carried
ut  with  the  entire  group.  The  total  duration  of  the  simula-
ion  session  was  60---70  minutes,  with  two  10-to-15-minute
cenarios  and  two  20-minute  debriefings.

cenarios

wo  scenarios  were  used  for  the  anesthesiologist  sessions
nd  two  others  for  the  emergency  and  intensivist  physicians.
or  each  scenario,  technical  and  non-technical  educational
bjectives,  briefing  elements,  script,  information  given  to
he  learners,  initial  state  of  the  simulator,  standardized
volution  of  the  simulator’s  behavior  according  to  learner
ctions,  and  facilitator  role  were  specified.  The  educational
bjectives  of  the  scenarios  were  the  evaluation  and  antici-
ation  of  difficult  intubation,  ventilation  and  oxygenation,
he  appropriate  choice  of  anesthetic  agents  and  intubation
echnique,  equipment  preparation  task  prioritization,  and
istribution  and  communication  within  the  team.

For  the  anesthesiologists,  the  first  scenario  was  a
2-month-old  infant  with  50%  burned  body  surface  and  mod-
rate  cervical  edema  who  had  undergone  a  first  dressing
ith  surgical  debridement  under  general  anesthesia  with

racheal  intubation  in  the  operating  room  of  a  regional
ediatric  burn  center.  Participants  were  informed  of  milk
ngestion  just  before  the  accident  and  a  slight  inspiratory
raw  with  tachypnea  possibly  due  to  moderate  cervical
dema.  SpO2 was  100%  with  a  high  concentration  oxy-
en  mask.  The  expected  actions  were  preoxygenation,
apid  sequence  induction,  and  orotracheal  intubation.  The
ropharyngeal  sphere  was  slightly  edematous  and  laryngo-
copic  view  of  the  glottis  was  grade  3  according  to  the
ormack-Lehane  classification  system.  Intubation  was  sup-
osed  to  be  performed  using  a  long  gum  elastic  bougie.  The
econd  case  was  a  planned  difficult  intubation  in  a  9-month-
ld  infant  with  Pierre  Robin  syndrome,  undergoing  surgical
reatment  of  cleft  lip  and  palate.  Expected  management
as  induction  of  general  anesthesia  by  inhalation  of  sevoflu-

ane  with  spontaneous  ventilation  and  fiberoptic  intubation
ith  local  glottic  anesthesia.

For  emergency  room  and  intensivist  physicians,  the  first
cenario  took  place  at  the  patient’s  home  with  a  12-
onth-old  boy  without  difficult  intubation  who  was  found

nconscious  in  his  grandparents’  bathroom  after  accidental
ngestion  of  a  sedative.  The  second  scenario  was,  as  above,

 12-month-old  child  with  50%  burned  body  surface  in  the
mergency  room  of  a  general  hospital.  Participants  had  to
ntubate  the  child  in  anticipation  of  a  long  transfer  to  a
pecialized  burn  center.

valuation

articipants  evaluated  their  educational  experience  with
hree  surveys  that  included  Simulation  Quality  Score  (SQS),
nesthetists’  Non-Technical  Skills  (ANTS)  score,11 and  Edu-
ation  Quality  Score  (EQS).  SQS  and  EQS  were  derived  from

he  French  College  of  Anesthesia  and  Resuscitation  ques-
ionnaire  for  evaluation  of  continuous  medical  education.
NTS  score  was  described  by  Fletcher  et  al.  for  evaluation
f  non-technical  performances.
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The  SQS  questionnaire  was  a  5-item  survey  (realism  of  the
atient  simulator  and  the  scenario,  relevance  of  the  medical
risis,  participant  comfort,  and  appreciation  of  the  scenario.
he  participants  filled  out  the  SQS  at  time  0  (T0)  immedi-
tely  after  the  workshop  for  simulation  direct  participation
direct  SQS)  and  simulation  observation  (observation  SQS).
ach  item  was  rated  using  a  modified  Likert  scale  graded
rom  1  (poor)  to  10  (excellent).  The  SQS,  graded  from  10  to
00,  was  the  sum  of  the  direct  SQS  and  observation  SQS.

The  EQS  was  self-evaluated  by  the  participants  with
ix  questions  on  the  acquisition  of  new  data,  the  correla-
ion  between  the  announced  and  processed  objectives,  the
uality  of  teaching  materials  and  teaching  resources,  the
nterest  of  the  subject  and  the  intended  changes  by  the
articipant  for  his  or  her  subsequent  clinical  practice.  The
nswers  were  also  given  using  a  modified  Likert  scale  graded
rom  1  to  10.  EQS  graded  from  6  to  60  was  the  sum  of  scores
or  each  of  its  6  items.  In  addition,  the  magnitude  of  subse-
uent  intended  clinical  practice  changes  was  also  rated  on

 scale  from  1  (slight)  to  10  (radical).
ANTS  score  was  self-evaluated  by  the  participants  at

0.11 This  score  included  15  items  classified  into  four
ategories:  task  management  (planning  and  preparing,
rioritizing  actions,  providing  and  maintaining  standards,
dentifying  and  utilizing  resources),  teamwork  (coordinat-
ng  activities  with  team  members,  exchanging  information,
sing  authority  and  assertiveness,  assessing  capabili-
ies,  supporting  others),  situation  awareness  (gathering
nformation,  recognizing  and  understanding,  anticipating),
ecision-making  (identifying  options,  balancing  risks  and
electing  options,  re-evaluating).  Each  item  was  graded
rom  1  (poor)  to  4 (excellent)  and  ANTS  score  ranged  from
5  to  60.

Finally,  EQS  was  also  evaluated  by  the  participants  3  (T3)
nd  6  (T6)  months  after  the  workshop.  T3  and  T6  ques-
ionnaires  were  sent  by  e-mail.  If  there  was  no  response,
eminders  were  sent  2  and  4  weeks  after  the  initial  message.

Information  on  the  study,  the  obtaining  of  informed
onsent  and  collection  of  questionnaires  and  demographic
ata  (age,  medical  specialty,  workplace,  professional  sta-
us,  duration  of  practice,  frequency  of  pediatric  activity,
nd  previous  experience  in  simulation  training)  were  carried
ut  by  a  single  investigator.

tatistical  analysis

tatistical  analysis  was  performed  using  Statview® 5  soft-
are  (Abacus  Concept,  Inc.  Berkeley,  CA).  The  T0  EQS  was

he  primary  outcome.  The  other  scores  were  secondary  end-
oints.  T0  EQS  was  46  ±  6  for  107  participants  between
008  and  2011  in  similar  pediatric  difficult  airway  workshops
ith  a  SimBabyTM simulator  (unpublished  personal  data).
he  number  of  participants  needed  to  objectify  a  4-point
core  variation  with  a  0.05  �  risk  and  a  0.9  power  with  a
wo-tailed  test  was  33  participants  per  group.  Given  the
otential  of  a  high  number  of  refusals  to  participate  in  the
tudy  and  participants  lost  to  follow-up,  we  chose  to  include

ll  the  participants  in  a pediatric  difficult  airway  manage-
ent  workshop  organized  in  our  simulation  center  between

anuary  2012  and  April  2013.  Data  are  expressed  by  medians
nd  percentiles  25---75%  or  number  (percentage)  of  parti-
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Figure  1  Con

ipants.  Comparisons  of  demographic  data  and  T0  scores
etween  the  LC  and  HF  groups  were  performed  with  a  Mann-
hitney  U  test  or  Chi-square  as  appropriate.  A  p  <  0.05  was

onsidered  significant.  Comparison  of  T0,  T3,  and  T6  EQS
etween  groups  was  performed  using  a  repeated  variance
nalysis  followed  by  Bonferroni-Dunn  tests.

esults

uring  the  13-month  inclusion  period,  130  participants

ttended  pediatric  difficult  airway  management  workshops
t  our  high-fidelity  simulation  center  and  were  invited  to
oin  the  study  (Fig.  1).  Only  one  participant,  who  did  not
ign  the  informed  consent  form,  was  not  included.  Another

a
A
t

25
Flow  diagram.

as  excluded  owing  to  direct  involvement  in  two  scenarios.
inally,  128  participants  were  enrolled,  of  whom  72.6%  had
een  graduates  for  a  median  of  9  (4---17)  years  (Table  1).
esponse  rates  at  T0,  T3  and  T6  to  the  EQS  questionnaire
respectively  82.0%,  47.6%,  and  39.1%)  decreased  over  time
n  a comparable  manner  in  the  LC  and  HF  groups  (Fig.  2).
QS  could  be  analyzed  at  T0  for  56  and  49  of  the  partici-
ants  respectively  in  the  LC  and  HF  groups  (Table  2).  The
QS  of  the  other  participants  could  not  be  analyzed  because
ome  of  the  items  had  not  been  completed.
There  was  no  difference  in  T0,  T3,  and  T6  between  LC
nd  HF  groups  for  the  primary  and  secondary  endpoints.
n  analysis  of  variance  for  repeated  measures  followed  by
he  Bonferroni-Dunn  test  was  made  possible  only  for  the
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Table  1  Demographic  characteristics  and  previous  pediatric  experience  of  the  participants  (n  =  128).

Simulation  group  Low-cost  (n  =  63)  High-fidelity  (n  =  65)  p

Medical  discipline  (%)  0.029
anesthesia 43  (68.2)  41  (63.1)
intensive  care  medicine  5  (7.9)  0  (0)
emergency  room  15  (23.8)  24  (36.9)

Age, years  36  (31---44)  33  (29---41)  0.0952
Sex ratio,  F/M,  n  (%)  36  (57.1)/27  (42.9)  35  (53.8)/30(46.2)  0.7255
Graduate/fellow  n  (%) 13  (20.6)/50  (79.4) 22  (33.8)/43  (66.2)  0.1140
Previous simulaition  experience,  n  (%) 36  (57.1) 37  (56.9) >  0.999
Structure, n(%) 0.1628

University  hospital 35  (58.3) 42  (64.6)
General hospital  22  (36.7)  14  (21.5)
Private hospital  1  (1.6)  (9.2)
Mixed 2  (3.2)  1  (1.5)

Pediatric  practice,  n  (%)  0.3291
exclusive 3  (4,8)  1  (1.5)
mixed with  adult  41  (65.1)  38  (58.5)
none 19  (30.2)  26  (40)

Pediatric  practice  <  1  year,  n  (%)  0.4965
frequent 6  (9.5)  6  (9.2)
occasional  9  (14.3)  6  (9.2)
rare 19  (30.2)  15  (23.1)
exceptional  28  (44.4)  38  (58.5)

Pediatric  practice  1  to  3  years,  n  (%)  0.5604
frequent 13  (20.6)  11  (16.9)
occasional  20  (31.7)  15  (23.1)
rare 14  (22.2)  19  (29.2)
exceptional  16  (25.4)  20  (30.8)

Pediatric  practice  >  3  years,  n  (%) 0.5000
frequent  19  (30.2)  13  (20.0)
occasional  21  (33.3)  21  (32.3)
rare 12  (19.0) 15  (23.1)
exceptional  11  (17.5) 16  (24.6)

Data are expressed as medians and percentile 25---75% or number (percentage) of participants.
Comparison of low-cost versus high-fidelity groups by Chi2 or Mann-Whitney U test, as appropriate.
p < 0.005 was considered as significant.

Table  2  Educational  Quality  score  (EQS)  immediately  (T0),  3  months  (T3),  and  6  months  (T6)  after  the  workshop.

Simulation  group  Low-cost  (n  =  63)  High-fidelity  (n  =  65)  pa

T0  (n  =  56)  T3  (n  =  34)  T6  (n  =  24)  T0  (n  =  49)  T3  (n  =  27)  T6  (n  =  26)  T0

Acquisition  of  new  data  8  (7---9)  8  (6---8)  8  (5---8)  8  (8---9)  8  (7---8)  7  (6---8)  0.2058
Agreement of  objectives  with

those  announced
9  (8---10)  9  (8---9)  9  (7---9)  8  (8---10)  8  (8---9)  8  (8---9)  0.6712

Educational  material  quality  9  (8---10)  8  (7---9)  8  (7---9)  9  (8---9)  8  (7---9)  8  (7---9)  0.9263
Educational  resource  quality  9  (8---9)  9  (8---9)  8  (8---9)  9  (8---10)  9  (8---9)  9  (7---9)  0.2271
Level of  interest  of  subject  9  (8---10)  9  (8---9)  9  (8---9)  9  (9---10)  9  (7---10)  8  (7---9)  0.4903
Learners who  want  to  change

their  practices,  n  (%)
51  (91.1)  28  (82.3)  18  (75.0)  59  (90.8)  25  (92.6)  21  (80.8)  >  0.9999

Amplitude of  change  in
practices

8  (5---8)  5  (4---7)  6  (0---8)  7  (6---8)  6  (5---7)  6  (5---7)  0.8830

EQS 49  (45---54)  47  (41---50)  45  (39---50)  50  (47---54)  47  (42---51)  45  (41---49)  0.3940

Data are expressed as medians and percentiles 25---75% or number (percentage) of responder participants.
EQS is the sum of the scores assigned to the 6 items.

a T0 comparison of low-cost versus high-fidelity simulation groups with a Mann-Whitney U test, ns.
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Table  3  Simulation  quality  score  (SQS)  evaluated  by  the  participants  during  direct  participation  and  observation.

Simulation  Low-cost  High-fidelity  p

Direct  participation  SQS  (n  =  63)  (n  =  64)
Simulator realism  7  (5---8)  8  (7---9)a <  0.0001a

Scenario  realism  9  (8---10)  9  (8---10)  0.5990
Relevance of  the  critical  situation  8  (7---9)  8  (8---9)  0.2955
Participant  comfort  7  (5---8)  5  (4---6)a 0.0020a

Appreciation  of  the  scenario  9  (8---10)  9  (8---10)  0.7084
Total 38  (35---41)  39  (37---42)  0.2617
Observation  SQS (n  =  62)  (n  =  64)
Simulator realism 7  (5---8) 8  (7---9)a <  0001a

Scenario  realism 9  (8---10) 9  (8---9) 0.6317
Relevance  of  the  critical  situation 8  (8---9) 9  (8---10) 0.1959
Participant  comfort  7  (6---8)  7  (5---8)  0.1121
Appreciation  of  the  scenario  9  (8---10)  9  (8---10)  0.5643
Total 39  (35---43)  40  (38-44)  0.0850
SQS (n  =  62)  77  (73---83)  (n  =  64)  80  (75---6)  0.1517

Data were expressed as median and percentiles 25---75%.
A direct participation SQS not completely filled in the HF group was not analyzed.
An observation SQS, not fully reported in each group, was not analyzed.
SQS being the sum of the participation and direct observation SQS, it was only analyzed when both of its components were reported.
Comparison of low-cost versus high-fidelity simulation groups with a Mann-Whitney U test.

a p < 0.05 was considered as significant.

Table  4  Anesthetists’  Non-Technical  Skills  (ANTS)  core  self-evaluated  by  the  participants.

Groups  Low-cost  (n  =  62)  High-fidelity  (n  =  61)  p

Task  management  11  (10---12)  11  (9---11)a 0.0195a

Teamwork  14  (12---15)  14  (13---15)  0.5257
Situational  awareness  9  (8---9)  9  (8---9)  0.6220
Decision making  8  (7---9)  9  (7---9)  0.3508
ANTS score  42  (38---45)  41  (38---43)  0.4452

Data were expressed as median and percentiles 25---75%.
The ANTS score is the sum of the 4 items.
The ANTS score was not fully completed by one participant in the low-cost group and by 4 participants in the High-fidelity group and
was not analyzed.a
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Comparison of low-cost versus high-fidelity simulation groups with
a p < 0.05 was considered as significant.

articipants  who  completed  all  of  the  T0,  T3,  and  T6  EQS
uestionnaires,  i.e.,  18  in  the  LC  group  and  12  in  the  HF
roup.  No  group  effect  was  noted  (p  =  0.6624).  In  contrast,

 time  effect  was  observed  (p  =  0.0001)  with  a  T0  EQS  higher
han  the  T3  and  T6  EQS.  T3  and  T6  EQS  were  not  differ-
nt  (Fig.  2).  SQS  (Table  3)  were  not  different  between  the
roups  regardless  of  the  component  (direct  participation  or
bservation)  and  their  items  except  for  two  of  them.  Real-
sm  of  the  manikin  was  higher  and  participant  comfort  was
ower  in  the  HF  group.  The  ANTS  score  (Table  4)  was  not  dif-
erent  between  either  group.  It  was  the  same  for  all  of  its
tems  except  for ẗask  managementc̈onsidered  easier  in  the
C  group  with  a  slightly  higher  score  (p=  0.0195).

iscussion
he  main  finding  based  on  our  results  is  that  the  quality
f  the  simulation  and  educational  impact  of  our  low-cost
ediatric  simulator  evaluated  by  the  participants  was  not

f
o
g
S

25
ann-Whitney U test.

ifferent  from  that  of  a  high-fidelity  patient  simulator  when
sed  for  training  in  pediatric  difficult  airway  management
n  continuing  medical  education.

The  originality  of  this  study  lies  in  its  design  and  theme.
andomization  and  participants  of  diverse  origins  reinforce
ur  findings.  Some  studies  have  concluded  that  the  effi-
acy  of  high-fidelity  simulation  is  not  systematically  higher
han  a  well-built  low-fidelity  simulation,12---15 but  this  has
ever  been  shown  in  the  management  of  pediatric  airways.
wing  to  the  high  incidence  of  respiratory  complications,

ntubation  remains  a  challenge  for  anesthesiologists  and
mergency  physicians  who  only  occasionally  have  pediatric
ractice.4 The  very  heterogeneous  prior  experience  of  our
articipant  population  underlines  the  need  for  simulation
raining  in  this  field  of  activity.16

Analysis  of  the  questionnaires  identified  only  a  difference

or  two  EQS  items.  The  realism  of  SimBabyTM was  obvi-
usly  higher.  The  lower  participant  comfort  score  in  the  HF
roup  could  be  related  to  the  greater  vulnerability  of  the
imBabyTM and  fear  of  damaging  it  during  intubation  maneu-
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Figure  2  Comparison  of  the  Educational  Quality  (EQS)  score
immediately  (T0),  3  (T3)  and  6  months  (T6)  after  the  training
sessions  for  the  participants  of  the  HF  group  (n  =  12)  (�)  and
LC groups  (n  =  18)  (�)  who  responded  to  the  survey  3  times.
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ariance  analysis  for  repeat  measurement,  group  effect  ns,  time
ffect  with  T3  and  T6  versus  T0,  p  <  0.0001.  Data  are  mean  ±  SD.

ers  ---  leading  to  overprotection  of  the  simulator  by  the
nstructor.  Another  explanation  is  that  the  HF  group  partici-
ants  had  to  see  some  medical  simulation  change  (cyanosis,
pnea),  interpret  it  and  act  on  it,  whereas  in  the  LC  group
hese  modifications  were  described  by  the  instructor.  The
igher  comfort  score  in  the  LC  group  may  be  related  to  an
asier  task.  Lower  comfort  in  the  HF  group  may  also  reflect
igher  anxiety.  The  pedagogical  impact  of  stress  in  simula-
ion  is  controversial.  While  a  moderate  level  of  stress  can
acilitate  the  mobilization  of  mental  capacities,  an  exces-
ive  level  is  deleterious.

These  low  simulation  quality  differences  did  not  influ-
nce  the  perceived  efficacy.  As  Seropian  et  al.  pointed  out,
imulation  cannot  be  reduced  to  a  manikin.17 Multiple  fac-
ors  are  likely  to  influence  the  quality  of  a  simulation  such
s  the  reliability  of  the  equipment,  the  environment,  the
elevance  of  the  script,  or  the  quality  of  the  briefing  and
ebriefing.  The  contribution  of  these  elements  to  the  fidelity
f  the  simulation  probably  has  a  greater  amplitude  than  the
echnical  features  of  the  manikin  itself.  Individual  and  team
eflective  feedback  is  strongly  responsible  for  the  passage
f  concrete  experience  to  abstract  conceptualization  and  is
he  main  component  of  cognitive  memory  processes.18

Iterative  laryngoscopy  exposes  SimBabyTM airways  to  irre-
ersible  damage  in  the  glosso-epiglottitis  folds  and  corners
f  the  mouth.  The  relative  cost  ratio  between  low  and
igh-fidelity  simulators  is  approximately  1  to  10.19 The
aintenance  of  an  infant  HF  simulator  includes  regular

eplacement  of  vulnerable  airways  while  the  maintenance
ost  of  a  low-fidelity  patient  simulator  is  insignificant.  Our
esults  confirm  that  the  absence  of  an  HF  simulator  should
ot  hinder  the  implementation  of  a  pediatric  difficult  airway
anagement  program.  The  objectives  of  simulation  train-

ng  in  crisis  resource  management  are  not  limited  to  the
evelopment  of  technical  skills.  A  meta-analysis  empha-
ized  its  interest  in  improving  behavioral  skills  in  airway
anagement.20 The  performances  described  in  the  ANTS

core  significantly  contribute  to  the  favorable  outcome  of
 life-threatening  situation.21
Limitations  should  be  discussed.  Our  results  are  valid  only
or  the  described  scenarios.  Facilitation  should  be  carried
ut  by  an  experienced  trainer  with  sufficient  knowledge  of

C

T

25
sset,  C.  Magne  et  al.

he  scenario  to  communicate  additional  information  about
he  patient’s  condition  (e.g.,  respiratory  arrest,  cyanosis).
owever,  once  apnea  occurs,  whatever  the  mechanism,  the
nly  difference  between  the  two  simulators  is  the  appear-
nce  or  not  of  cyanosis.  Visualization  of  the  evolution  of  SpO2

n  the  monitor  compensates  for  it  and  the  capnogram  keeps
rack  of  the  quality  of  ventilation.  A  relevant  rating  of  the
NTS  score  requires  training.22 To  the  best  of  our  knowledge,
elf-assessment  in  such  situations  has  never  been  described.
n  the  same  manner,  SQS  and  EQS  have  not  been  validated.
inally,  evaluation  of  the  efficacy  of  the  workshop  was  only
ased  on  self-assessment  by  the  participants  and  not  on  their
linical  practice.  This  first  level  analysis  according  to  the
irkpatrick  pyramid  does  not  prejudge  the  acquisition  of  new
kills  in  clinical  practice,  but  it  is  nevertheless  necessary  to
erify  that  the  learner  favorably  reacts  to  the  pedagogical
echnique.

HF  simulators  probably  have  a  place  for  training  partici-
ants  who  already  have  a  certain  expertise.  A  randomized
tudy  on  peripheral  venous  catheter  management  high-
ighted  the  positive  impact  of  a  gradual  increase  in  the
delity  of  simulation  tools  on  the  performances  of  workshop
articipants.23

A  low  response  rate  is  commonly  observed  in  surveys  sev-
ral  months  after  training.  The  decrease  over  time  of  the
erceived  educational  impact  is  inevitable  regardless  of  the
eaching  method  used.  The  persistence  of  a  long-term  effect
asses  exclusively  through  regular  training.24,25

Finally,  various  studies  have  demonstrated  the  interest
f  high-fidelity  simulators  in  adults  as  well  as  in  pediatrics
or  the  development  of  technical  and  non-technical  skills.
owever,  our  study  is  the  first  to  propose  and  evaluate  an
lternative  to  a  high-fidelity  simulator  for  pediatric  airway
anagement  scenarios.  A  very  large  number  of  anesthesiolo-

ists  and  emergency  physicians  have  no  access  or  access  only
ith  insufficient  frequency  to  pediatric  high-fidelity  simu-

ation  training  owing  to  the  cost,  especially  in  developing
ountries,  but  this  is  also  true  in  all  countries.  The  major
ontribution  of  our  article  is  to  propose  a  less  expensive
lternative  that  is  easily  accessible.

The  substitution  of  an  HF  simulator  with  a  low-cost  device
n  a  full-scale  HF  accredited  continuous  medical  education
orkshop  did  not  affect  learner  perception  of  the  quality
nd  impact  of  difficult  pediatric  airway  simulation  training.
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TaggedPAbstract
Background: Service quality in anesthesiology has been frequently measured by morbidity and
mortality. This measure increasingly considers patient satisfaction, which is the result of care
from the client’s perspective. Therefore, anesthesiologists must be able to build relationships
with patients, provide understandable information and involve them in decisions about their
anesthesia. This study aimed to evaluate the peri-anesthetic care provided by the anesthesia
service in an ambulatory surgery unit using the Heidelberg Peri-anaesthetic Questionnaire.
Methods: This cross-sectional study used the Heidelberg Peri-anaesthetic Questionnaire to
evaluate 1211 patients undergoing ambulatory surgery. We selected questions that showed a
greater degree of dissatisfaction and correlated them with patient characterization data (age,
sex, education, and ASA physical status), anesthesia data (type, time, and prior experience),
and surgical specialty.
Results: Questions in which patients tended to show dissatisfaction involved fear of anesthesia
and surgery, feeling cold, the urgent need to urinate, pain at the surgical site, and the team’s
level of concern and speed of response in relieving the patient’s pain.
Conclusion: The Heidelberg Peri-anaesthetic Questionnaire proved to be a useful tool in identi-
fying points of dissatisfaction, mainly fear of anesthesia and surgery, feeling cold, the urgent
need to urinate, pain at the surgical site, and the team's level of concern and speed of response
in relieving the patient's pain in the population studied. These were correlated with patient,
anesthesia, and surgical variables. This allows the establishment of priorities at the different
points of care, with the ultimate goal of improving patient satisfaction regarding anesthesia
care.
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TaggedH1Introduction TaggedEnd

TaggedPModern medicine cannot be dissociated from the concept of
quality, which promotes and improves habits and actions in
the healthcare system as a whole. This concept is not univer-
sally understood, and many consider it to be vague and diffi-
cult to define. Some may argue that when there is
competence and expertise, quality naturally follows, obviat-
ing the need for conceptualization. Donabedian,1 however,
said that despite these difficulties, it is possible to analyze
the concept of quality in healthcare. The study of patient-
oriented quality implies a need for constant evaluation of
structure, processes, and results. TaggedEnd

TaggedPThe development of access to information, especially
since the 1990s, has led us to the “client era”. The previous
concept of the patient as passive and uninformed has
changed to one of a patient/client who is demanding, criti-
cal, and a better evaluator, who interacts in ways to defend
their interests. Evaluation of results has traditionally
focused on measures of morbidity and mortality and taken
less into account measurements based directly on patient
observations.2 TaggedEnd

TaggedPIn modern anesthesia, the anesthesiologist should be
capable of building relationships with patients, providing
understandable information, involving patients in decisions
about their anesthesia, and clarifying their concerns.3,4 TaggedEnd

TaggedPIn February 2012, the Royal College of Anaesthetists
issued a position statement endorsing the view that all anes-
thesiologists should seek patient feedback using question-
naires, and should strive to improve relations with patients,
as most complaints involve claims of poor communication.5

The quest for feedback has become a routine part of our
work, indicating a future in which anesthesiologists are val-
ued not only for their excellence in practical and theoretical
knowledge, but also for their effective skills in communica-
tion with patients. TaggedEnd

TaggedPIn the literature, satisfaction is presented as an indicator
of healthcare quality, correlated with patient behavior, par-
ticularly in relation to treatment adherence.6 In anesthesiol-
ogy, a specialization increasingly involved in perioperative
care, there is a need to establish new measures for evaluat-
ing patient satisfaction.7 TaggedEnd

TaggedPIn the classic definition, satisfaction is ascertained as
being based on the degree of congruence between the
patient’s expectations and what is achieved. The authors
are aware that this is a subjective measurement, and diffi-
cult to evaluate.8 However, the importance of satisfaction in
anesthesiology is recognized, and several questionnaires to
address this metric have been published.9-16TaggedEnd

TaggedPSchiff et al.14 developed and validated a psychometric
questionnaire designed to evaluate patient satisfaction in
the peri-anesthetic experience: the Heidelberg Peri-anaes-
thetic Questionnaire. These authors considered that
identifying dissatisfied patients is even more important
than determining levels of satisfaction with the service.
They therefore built and developed a multidimensional
259
TaggedEndTaggedPquestionnaire that covers different phases of anesthesia
care and seeks to address possible causes of patient dissatis-
faction. The study was validated for use in the Portuguese
language by Moura et al.17 TaggedEnd

TaggedPThe questionnaire is considered a valid and reliable
instrument. It is easy to apply at the end of the postopera-
tive period and is designed to be used in cross-sectional
studies.14TaggedEnd

TaggedPThis study aimed to evaluate the peri-anesthetic care
provided by the anesthesia service in an ambulatory surgery
unit, based on the opinion of patients, by using the Heidel-
berg Peri-anaesthetic Questionnaire to identify points of dis-
satisfaction at each stage of care, and correlated them with
some patient, anesthesia, and surgery variables. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThis work was submitted for approval by the Medical School
(FMB) of the Universidade Estadual de S~ao Paulo (Unesp) Ethics
Committee, Botucatu Campus, on February 2, 2016, and
received certificate (CAAE) number 52457915.6.0000.5411
from Conep (Brazil’s National Committee for Ethics in
Research). After obtaining written informed consent from all
study participants, we conducted a cross-sectional study apply-
ing a questionnaire to 1.211 patients undergoing surgery, in an
outpatient unit between March 30 and July 31, 2016. In a pre-
anesthetic consultation, the anesthesiologists screened
patients who would undergo surgery at the unit, performed
the anesthesia, and assessed (nonsurgical) postoperative clini-
cal events.TaggedEnd

TaggedPA psychometric questionnaire developed and validated by
Schiff et al.,14 the Heidelberg Peri-anesthetic Question-
naire, which had been translated into and validated in Portu-
guese by Moura et al.17,18 was applied. The data were
collected by a nurse of the research team, who was appro-
priately trained not to interfere with patients’ responses.
Data characterizing each patient, and their anesthesia and
surgery (by surgical specialty) were recorded. The data
were collected when patients were awake at their hospital
bed and approaching the time of discharge. TaggedEnd

TaggedPThe questionnaire comprises 38 items, in which the
patient assigns a degree of agreement on a four-point Likert
scale (strongly disagree, disagree, agree, strongly agree),
making it impossible to choose a central response. The items
are placed in chronological order according to the following
phases of the service provided by the anesthesiologist: pre-
anesthetic consultation, the perioperative period and posta-
nesthetic recovery. The questions covered five aspects: trust
and atmosphere; fear; discomfort; treatment by personnel;
and information and waiting. TaggedEnd

TaggedPThe sample size was determined with reference to what
is described in the literature,14,17 and was intended to be
representative of the hospital in full operation, considering
the total number of surgeries carried out in the period of
the investigation, their distribution by specialty, and the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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TaggedEndJ.N. Lemos, L.D. Lemos, D.J. Solla et al.
TaggedEndTaggedPdemographic characteristics of each patient. The Heidelberg
Peri-anaesthetic Questionnaire was organized as shown in
Figure 1. TaggedEnd

TaggedPThe inclusion criteria were age 18 or over; elective sur-
gery; surgery with discharge expected on the same day; and
absence of neuropsychiatric disease. The exclusion criteria
were patients with cognitive impairment in communication;
and refusal answer the questionnaire. TaggedEnd

TaggedPThe following variables were also evaluated for each
patient: age; sex; education; ASA (American Society of Anes-
thesiologists) physical status;19 type of surgery; type of
anesthesia; duration of anesthesia; and prior anesthesia. TaggedEnd

TaggedFigure

Figure 1 Adapted from the Heidelbe

260
TaggedH2Statistical analysis TaggedEnd

TaggedPCategorical variables are described by their absolute and
relative frequencies. Continuous variables with normal dis-
tribution are described by their mean and Standard Devia-
tion (SD), and variables with non-normal distributions are
described by their median and quartiles. TaggedEnd

TaggedPMean satisfaction scores were calculated for each ques-
tion. Since the perception of satisfaction on the Likert scale
differs according to each question, for standardization, the
scores of questions that were asked in the negative format
were reversed (a score of 1 was converted to 4, and vice
rg Peri-anaesthetic Questionnaire. TaggedEnd



TaggedEnd Table 1 Data on patient characterization, anesthesia, and
surgery by specialty (n = 1211).

Variables Values

Age (mean § standard error) 44.8 § 15.4
Female 990 (81.8)
Education
Illiterate or incomplete primary 9 (0.8)
Complete elementary 23 (1.9)
Complete high school 286 (24.0)
Incomplete or complete college 876 (73.4)

Prior anesthesia
General 675 (55.7)
Spinal block 569 (47.0)
Local and sedation 252 (20.8)
Peripheral block 4 (0.3)

ASA
I 553 (45.7)

TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 258−266
TaggedEndTaggedPversa, and a score of 2 was converted to 3, and vice versa).
These are questions 1, 3, 4, 5, 7, 8, 10, 11, 12, 13, 14, 15,
16, 17, 22, 26, 27, 28, 29, 30, 31, 32 and 33: they are marked
with an “X” in Figure 2. Questions with a mean score of satis-
faction below the overall mean minus 1 SD were selected for
further evaluation as potential factors associated with dis-
satisfaction. Below, where convenient, we refer to the ques-
tions by their numbers, e.g., “Q7”, “Q8”.TaggedEnd

TaggedPMultivariate logistic regression analysis was used to iden-
tify the variables associated with dissatisfaction in the
selected questions. Dissatisfaction was defined as a score
of 1 (strongly disagree) or 2 (disagree). TaggedEnd

TaggedPAll the tests were two-tailed, and final results with p ≤
0.05 were considered statistically significant. The data were
analyzed using the Statistical Package for Social Sciences
software (version 20.0, SPSS, Chicago, IL, USA) and regis-
tered on a Microsoft Excel database (version 16.47.1). We
followed STROBE guidelines to report this trial. TaggedEnd
II 644 (53.3)
III 12 (1.0)

Type of anesthesia
General 995 (82.2)
Local and sedation 161 (13.3)
Peripheral block 53 (4.4)
Spinal block 2 (0.2)
Anesthesia time (min) (median and
quartiles)

50 (45−75)

Surgical specialty
(1) Gynecological 551 (45.5%)
(2) Vascular 207 (17.1%)
(3) Dermatological 101 (8.3%)
(4) Ophthalmic 99 (8.2%)
(5) Orthopedic 125 (10.3%)
(6) Urological 51 (4.2%)
(*) Other 77 (6.4%)

The data are presented as valid n (%), unless specified.
TaggedH1Results TaggedEnd

TaggedPThe variables studied, together with the respective results,
are shown in Table 1. Only 8 (0.66%) patients refused to
answer all the questions. Questions with mean satisfaction
minus 1 SD are shown below in Figure 2. TaggedEnd

TaggedPQuestions 24 and 25, which were below mean satisfaction
minus 1 SD (3.70 to 0.63), are shown in Tables 2 and 3,
respectively.TaggedEnd

TaggedPIn Question 24, compared to female patients, male
patients had a 2.11 times higher tendency toward dissatis-
faction in this question (95% CI 0.995−4.475, p = 0.051). This
means that men more often felt that staff members were
not seriously concerned about their pain. Patients who had
undergone prior general anesthesia were more likely to
show dissatisfaction, with an Odds Ratio (OR) of 1.68
TaggedFigure

Figure 2 Mean − 1 standard deviation of satisfaction scores for each item. Mean satisfaction scores were calculated for each ques-
tion. Questions that were asked in the negative nature are marked with an “X”. Questions below the satisfaction average are repre-
sented in Tables 2 and 3. Questions with a high internal SD are analyzed in Table 4.TaggedEnd
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TaggedEnd Table 2 Q24: “Staff members showed they were seriously concerned about my pain”.

Coefficient SE Wald OR CI 95% p-value

Age (each additional year) -0.004 0.010 0.178 0.996 0.976−1.016 0.673
Male 0.747 0.384 3.792 2.110 0.995−4.475 0.051
Education (ref.: Complete college) 2.703 0.259
Complete elementary 0.799 0.604 1.748 2.223 0.680−7.269 0.186
Complete high school 0.333 0.286 1.356 1.395 0.797−2.443 0.244

ASA (ref.: ASA I) 0.032 0.984
ASA II 0.045 0.257 0.031 1.046 0.632−1.731 0.860
ASA III 0.075 1.058 0.005 1.078 0.135−8.583 0.943

Anesthesia Type (ref.: General) 0.551 0.759
Local and sedation -0.328 0.732 0.200 0.721 0.172−3.027 0.655
Peripheral block 0.405 0.736 0.302 1.499 0.354−6.343 0.582

Total anesthesia time (minutes) -0.009 0.005 3.034 0.991 0.981−1.001 0.082
Prior anesthesia
General 0.518 0.261 3.943 1.678 1.007−2.796 0.047
Local and sedation -0.107 0.309 0.120 0.899 0.491−1.646 0.729
Spinal block -0.065 0.265 0.060 0.937 0.557−1.576 0.806

Surgical specialty 19.705 0.003
(1) Gynecological -0.622 0.352 3.126 0.537 0.269−1.070 0.077
(2) Vascular 0.303 0.359 0.710 1.354 0.669−2.737 0.399
(3) Dermatological 1.173 0.652 3.231 3.231 0.899−11.604 0.072
(4) Ophthalmic -1.700 0.928 3.358 0.183 0.030−1.125 0.067
(5) Orthopedic 0.146 0.460 0.101 1.157 0.470−2.850 0.751
(6) Urological 1.217 0.533 5.203 3.376 1.187−9.603 0.023

SE, Standard Error; OR, Odds Ratio; CI, Confidence Interval.

TaggedEnd Table 3 Q25: “The staff quickly alleviated my pain”.

Coefficient SE Wald OR 95% CI p-value

Age (each additional year) -0.013 0.011 1.548 0.987 0.967−1.008 0.213
Male 0.782 0.402 3.793 2.187 0.995−4.806 0.051
Education (ref.: Complete college) 2.276 0.320
Complete elementary 0.592 0.644 0.844 1.807 0.511−6.391 0.358
Complete high school 0.379 0.287 1.742 1.460 0.832−2.562 0.187

ASA (ref.: ASA I) 0.189 0.910
ASA II -0.087 0.261 0.111 0.917 0.549−1.530 0.739
ASA III 0.214 1.030 0.043 1.239 0.165−9.329 0.835

Anesthesia type (ref.: General) 1.305 0.521
Local and sedation -0.615 0.860 0.511 0.541 0.100−2.918 0.475
Peripheral block 0.717 0.832 0.744 2.049 0.402−10.455 0.388

Total anesthesia time (minutes) -0.006 0.005 1.376 0.994 0.985−1.004 0.241
Prior anesthesia
General 0.616 0.266 5.354 1.852 1.099−3.122 0.021
Local and sedation -0.057 0.311 0.033 0.945 0.513−1.739 0.855
Spinal block -0.181 0.271 0.448 0.834 0.491−1.418 0.503

Surgical specialty 17.954 0.006
(1) Gynecological -0.684 0.353 3.750 0.504 0.252−1.008 0.053
(2) Vascular 0.129 0.372 0.120 1.138 0.548−2.360 0.729
(3) Dermatological 1.554 0.766 4.119 4.733 1.055−21.236 0.042
(4) Ophthalmic -1.503 0.943 2.542 0.222 0.035−1.411 0.111
(5) Orthopedic 0.049 0.484 0.010 1.050 0.406−2.714 0.919
(6) Urological 1.089 0.543 4.030 2.973 1.026−8.611 0.045

SE, Standard Error; OR, Odds Ratio; CI, Confidence Interval.
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TaggedEndTaggedP(95% CI 1.01−2.80, p = 0.047). In the multivariate analysis of
question 24, patients who had undergone urological surgery
(category 6) had a higher chance of dissatisfaction, compared
to the mean general dissatisfaction value, with an OR of 3.38
(95% CI 1.19−9.60, p = 0.023). Patients who underwent der-
matological surgery (category 3) also showed a tendency
toward increased chance of dissatisfaction, with an OR
of 3.23 (95% CI 0.90−11.60, p = 0.72), compared to the mean
general dissatisfaction value. Patients who had undergone
gynecological surgery (category 1) and ophthalmologic sur-
gery (category 4) showed a tendency toward a decreased
chance of dissatisfaction in relation to concern of the staff
with patient pain, with ORs of 0.54 (95% CI 0.27−1.07,
p = 0.77) and 0.18 (95% CI 0.30−1.13, p = 0.67), respectively.TaggedEnd

TaggedPThe likelihood of dissatisfaction with the speed with
which members of the anesthesia team relieved the
patient’s pain was higher in patients with a prior history of
general anesthesia (OR = 1.85, 95% CI 1.09−3.12, p = 0.021)
and tended to be higher among men (OR = 2.19, 95% CI 0.995
−4.80, p = 0.051). Thus, being male and having a history of
prior general anesthesia were factors associated with dissat-
isfaction in this question (i.e., negative response to the
question “The staff quickly alleviated my pain”).TaggedEnd

TaggedPPatients who underwent dermatological surgery (cate-
gory 3) and urological surgery (category 6) were more likely
to be dissatisfied with the speed of team members in easing
their pain, with ORs of 4.73 (95% CI 1.055−21.236, p = 0.42)
and (OR = 2.97, 95% CI 1.30−8.61, p = 0.45), respectively.
Patients undergoing gynecological surgery (category 1)
showed a tendency toward decreased chance of dissatisfac-
tion with the speed of team members in easing their pain,
with an OR of 0.50 (95% CI 0.25−1.01, p = 0.053). TaggedEnd

TaggedPWe noted that a relatively high number of patients did
not respond to questions 24 (59.6%) and 25 (62.8%) due to
the condition established in the question, which was having
felt postoperative pain. TaggedEnd

TaggedPIn our study, advanced age and prior experience of gen-
eral anesthesia were correlated with patients being less
afraid of undergoing further anesthesia (Q7), and older
patients were also found to be less afraid of surgery (Q8).
We conclude that in relation to fear, there is a need to
improve care for patients who have never undergone anes-
thesia and for younger patients. TaggedEnd

TaggedPIn relation to another question involving anxiety (Q9),
specifically regarding the night before surgery (Q9), there
was a tendency for older patients to be more relaxed, sup-
porting the concept of eliminating the use of anxiolytics as
premedication in the cases of some of these patients. TaggedEnd

T aggedPThere were a few questions that had a higher satis-
faction mean than the mean minus 1 SD, but with a high
internal SD among the results, indicating a great deal of
heterogeneity among the answers. Although a high mean
was maintained, many individuals had poor experiences
and were dissatisfied. The questions in which means
were good but internal SDs were high are indicative of
points in anesthetic care with the potential for improve-
ment in terms of greater uniformity in care quality.
These were questions Q7 (SD = 0.936), Q8 (SD = 0.918),
Q9 (SD = 0.895), Q12 (SD = 0.906), Q15 (SD = 0.945),
Q16 (SD = 0.998), Q21 (SD = 0.747), Q22 (SD = 1.051),
Q29 (SD = 1.005), Q30 (SD = 1.004) and Q31 (1.169), as
shown in Table 4. TaggedEnd
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TaggedPIn this study, using the Heidelberg Peri-anaesthetic Ques-
tionnaire, patients tended to show dissatisfaction related to
fear of anesthesia and surgery; feeling cold; urgent need to
urinate; pain at the surgical site; and the level of the team’s
concern and speed of response in relieving their pain.TaggedEnd

TaggedPThe questionnaire makes it possible to evaluate the qual-
ity of the peri-anesthetic care in an outpatient surgery unit,
in the various stages of care in which the anesthetist is
directly involved. This makes this tool more appropriate for
an identification of dissatisfied patients than others widely
cited in the literature, such as the QoR-40 questionnaire
developed by Myles et al.10 and the QoR-15 questionnaire
developed by Stark et al.16 in which evaluation is limited to
the quality of post-anesthetic recovery. TaggedEnd

TaggedPIn contrast to the original method developed by Schiff
et al.14 in which the questionnaire was distributed to
patients and data collected subsequently, we applied the
questionnaire in the form of a standardized interview. We
chose this method because patients undergoing ophthalmic
surgery could not read the questionnaire in the immediate
postoperative period and would therefore have been
excluded from the study. We chose a team member to con-
duct all the interviews and, similarly to Bauer et al.20 we
achieved surprisingly high patient acceptance and question-
naire completion rates. TaggedEnd

TaggedPOur mean satisfaction results were high compared to
other studies on the subject in the literature.14,17,20 Since
patients tend to give positive answers to questions, the anal-
ysis gave priority to questions in which dissatisfaction was
higher, irrespective of absolute values. TaggedEnd

TaggedPThere was a tendency for older patients to feel less afraid
of undergoing further anesthesia (Q7) and surgery (Q8), and
to feel more relaxed the night before surgery (Q9). Celik
et al.21 evaluated preoperative anxiety and fear of anesthe-
sia at a university hospital using the Amsterdam Preopera-
tive Anxiety and Information Scale (APAIS) score and did not
find a significant correlation between anxiety scores and
age. They observed, though, that as patients get older, their
desire for information decreases. Data in the literature on
correlation between anxiety and advanced age are
divergent. TaggedEnd

TaggedPThe waiting time on the day of surgery (Q12) was an area
in which younger patients and those undergoing dermatolog-
ical surgery had a higher chance of dissatisfaction. TaggedEnd

TaggedPWe also analyzed dissatisfaction with thirst before anes-
thesia (Q15). We found that older patients had a tendency
to complain less of thirst before surgery. Patients with prior
experience of local anesthesia and sedation were more
likely to be dissatisfied, possibly due to prolonged preopera-
tive fasting time. On waking from anesthesia, thirst (Q29)
continued to be an important factor of dissatisfaction, and
elderly patients, again, were least likely to complain.
Patients with a high school education were less likely to
complain of thirst than patients with a college degree. As
the thirst sensation decreases with age,22 the elderly are
more prone to dehydration; this group therefore requires
special attention in this regard. TaggedEnd

TaggedPFeeling cold or shivering in the room where the patients
were anesthetized (Q16) and after anesthesia (Q31) was a
cause for dissatisfaction, especially among female patients,



TaggedEnd Table 4 Variables associated with dissatisfaction in the questions analyzed.

OR 95% CI p-value

Q7. Fear of anesthesia played an important role.
Age (each additional year) 0.990 0.978−1.003 0.082
Prior general anesthesia 0.751 0.544−1.035 0.080
Q8. Fear of surgery played an important role.
Age (each additional year) 0.985 0.973−0.997 0.015
Q9. The night before surgery felt relaxed.
Age (each additional year) 0.987 0.973−1.001 0.071
Q12. The waiting time on the day of the surgery was long
Age (each additional year) 0.981 0.967−0.994 0.006
Dermatological surgery 1.769 1.091−2.867 0.021
Ophthalmic surgery 0.265 0.095−0.740 0.011
Q15. Thirst before the anesthesia was a problem.
Age (each additional year) 0.986 0.975−0.999 0.028
Prior local and sedation anesthesia 1.446 1.008−2.078 0.045
Q16. Feeling cold or shivering was experienced in the room where the

anesthesia was applied.
Age (each additional year) 0.989 0.978−1.001 0.081
Male 0.592 0.380−0.922 0.020
Complete college 2.293 0.894−5.877 0.083
Q21. Waking up from anesthesia was comfortable.
Male 0.477 0.226−1.004 0. 051
Local anesthesia and sedation 0.312 0.078−1.246 0.099
Prior local and sedation anesthesia 1.575 1.009−2.457 0.046
Gynecological surgery 1.561 0.931−2.617 0.091
Dermatological surgery 0.227 0.055−0.946 0.042
Q22. After waking up from anesthesia, pain was experienced in the area

of the surgery
Age (each additional year) 0.998 0.976−1.001 0.075
Male 0.484 0.294−0.797 0.004
Complete high school 0.672 0.463−0.975 0.036
Spinal block 0.638 0.454−0.897 0.010
Gynecological surgery 3.010 1.907−4.750 0.000
Dermatological surgery 0.220 0.066−0.738 0.014
Ophthalmic surgery 0.354 0.132−0.952 0.040
Q29. Thirst was a problem following anesthesia.
Age (each additional year) 0.988 0.976−1.000 0.046
Complete high school 0.707 0.493−1.013 0.059
Q30. An urgent need to urinate was a problem following anesthesia.
Age (each additional year) 0.983 0.968−0.997 0.020
Female 0.432 0.236−0.791 0.007
Anesthesia time (every single minute) 1.011 1.005−1.016 0.000
Urological surgery 2.236 1.149−4.349 0.018
Gynecological surgery 1.443 0.951−2.191 0.085
Orthopedic surgery 0.472 0.219−1.017 0.055
Q31. Feeling cold or shivering were problems following the anesthesia.
Age (each additional year) 0.980 0.968−0.991 0.001
Male 0.496 0.320−0.769 0.002
Anesthesia time (every single minute) 1.005 1.001−1.010 0.020
Ophthalmic surgery 0.582 0.321−1.058 0.076

SE, Standard Error; OR, Odds Ratio; CI, Confidence Interval.

TaggedEndJ.N. Lemos, L.D. Lemos, D.J. Solla et al.
TaggedEndTaggedPand was directly related to duration of anesthesia. Older
patients were less likely to be dissatisfied due to feeling cold
before being anesthetized, likely because it is characteristic
of advancing age to be less sensitive to variations in room
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TaggedEndTaggedPtemperature.23 We conclude that these patients should be
given special attention in regard to prevention and treat-
ment of perioperative hypothermia.24 Compared to patients
with a high school education, patients with a college
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TaggedEndTaggedPeducation had a greater tendency to be dissatisfied due to
feeling cold in the operating room.TaggedEnd

TaggedPRegarding pain at the surgical site on waking from anes-
thesia (Q22),25-28 our results are similar to those found by
Stark et al.16 and Gerbershagen et al.25 in equivalent sam-
ples. It can be concluded that young, female patients, those
with a college education and those undergoing gynecological
surgery under general anesthesia had a greater chance of
dissatisfaction due to pain at the surgical area. TaggedEnd

TaggedPThe questions that addressed satisfaction with care in the
case of postoperative pain (Q24 and Q25) were those for
which the lowest mean satisfaction scores were found, and
these mean scores were also lower than those found by
Moura et al.17 We observed that the number of individuals
who did not answer the two questions (Q24, 59.6% and Q25,
62.8%) was very high due to a characteristic of the method −
since having felt pain in the postoperative period was a pre-
requisite for answering the question. Male patients were
more likely to be dissatisfied than women. There was also a
greater tendency toward dissatisfaction among patients who
had undergone prior general anesthesia. Being male, having
a history of prior general anesthesia and having undergone
urological surgery were factors associated with dissatisfac-
tion in response to these questions. TaggedEnd

TaggedPElderly patients were less likely to experience an urgent
need to urinate (Q30), which is expected, given that the sen-
sation of having a full bladder decreases with advancing
age.29 Compared with male patients, female patients were
more likely to feel an urgent need to urinate. It can be con-
cluded that patients undergoing local anesthesia, sedation
and spinal block were less likely to experience an urgent
need to urinate than those who underwent general anesthe-
sia. Moreover, the longer the duration of anesthesia, the
greater was the likelihood of the patient experiencing an
urgent need to urinate after surgery. This result is expected
due to the longer period of hydration without the possibility
of emptying the bladder. TaggedEnd

TaggedPThere were significant correlations between higher satis-
faction and older age and lower education level. Our results
resemble those found in a meta-analysis performed by Hall
et al.30 where older patients were observed to generally
report less pain, nausea, and vomiting, and were likely to
score more positively in level of satisfaction. TaggedEnd

TaggedPLimitations of this study include the fact that it was
carried out at a single hospital, and that the questionnaire
was applied as an interview. The fact that the study was
carried out in an autonomous outpatient surgery unit rep-
resented a limiting factor for the inclusion of surgical risk
in the multivariate analysis. The high level of education
of the studied population proved to be a possible limita-
tion since it does not correspond to the average level of
education of the population of the country (Brazil). The
short period between the end of anesthesia and the inter-
view may also have been a limiting factor, as these
patients might still have been under the influence of
drugs, and thus possibly with an altered mood, influencing
their responses. A possible alternative to this problem
would be to conduct a second interview, after hospital
discharge. The fact that females were 81.8% of the popu-
lation of this study could also have been a limiting factor
since females may have different levels of satisfaction or
dissatisfaction than males. TaggedEnd
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TaggedH1Conclusion TaggedEnd

TaggedPThe Heidelberg Peri-anaesthetic Questionnaire proved to be
a useful tool in identifying points of patient dissatisfaction,
mainly fear of anesthesia and surgery, feeling cold, the
urgent need to urinate, pain at the surgical site, and the
team's level of concern and speed of response in relieving
the patient's pain in the population studied. These were cor-
related with patient variables as age, sex, education level,
ASA physical status, prior anesthesia, anesthesia type and
duration and surgical specialty. This allows the establish-
ment of priorities at the different points of care, with the
ultimate goal of improving patient satisfaction in relation to
anesthesia care. TaggedEnd
TaggedH1Funding TaggedEnd
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Abstract
Background:  Postanesthesia  Care  Unit  (PACU)  is  an  environment  associated  with  an  important
workload  which  is  susceptible  to  lead  to  task  interruption  (TI),  leading  to  task-switching  or
concurrent multitasking.  The  objective  of  the  study  was  to  determine  the  predictors  of  the
reaction of  the  nurses  facing  TI  and  assess  those  who  lead  to  an  alteration  of  the  initial  task.
Methods: We  conducted  a  prospective  observational  study  into  the  PACU  of  a  university  hospital
during February  2017.  Among  18  nurses,  a  selected  one  was  observed  each  day,  documenting  for
each TI  the  reaction  of  the  nurse  (task  switching  or  concurrent  multitasking),  and  the  charac-
teristics associated  with  the  TI.  We  performed  classification  tree  analyses  using  C5.0  algorithm
in order  to  select  the  main  predictors  of  the  type  of  multitasking  performed  and  the  alteration
of the  initial  task.
Results:  We  observed  1119  TI  during  132  hours  (8.5  TI/hour).  The  main  reaction  was  concurrent
multitasking  (805  TI,  72%).  The  short  duration  of  the  task  interruption  (one  minute  or  less)  was

the most  important  predictor  leading  to  concurrent  multitasking.  Other  predictors  of  response
to TI  were  the  identity  of  the  task  interrupter  and  the  number  of  nurses  present.  Regarding  the
consequences  of  the  task  switching,  long  interruption  (more  than  five  minutes)  was  the  most
important predictor  of  the  alteration  of  the  initial  task.
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Conclusions:  By  analysing  the  predictors  of  the  type  of  multitasking  in  front  of  TI,  we  propose
a novel  approach  to  understanding  TI,  offering  new  perspective  for  prevention  strategies.
© 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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The  investigator  reported  data  using  a  standardized  check-
list  adapted  from  an  evaluation  tool  issued  by  the  French
National  Authority  for  Health  (Haute  Autorité  de  Santé,
HAS).
ntroduction

wenty  years  ago,  the  To  err  is  human  report  lifted  the  veil
ff  the  medical  error  by  pointing  out  that  nearly  100,000
atients  die  every  year  from  medical  errors  into  the  United
tates.1 This  led  to  an  awareness  of  the  healthcare  pro-
essional  on  their  impact  on  patient  safety,  and  opened

 new  opportunity  for  research  to  improve  patient  care.
ames  Reason  in  Human  error  (1990)  suggested  that  task
nterruption  (TI)  may  induce  lapses  of  attention  and  cause

 specific  type  of  error  called  omission.  Interruption  is  a
requent  event  during  everyday  activities  in  healthcare.2

hile  operating  rooms,  intensive  care  units  or  emergency
epartments  were  studied  as  healthcare  settings  favouring
ask  interruption,  only  one  study  evaluated  task  interrup-
ions  during  patient  handover  in  the  PACU.3 Still,  the  PACU  is
n  environment  associated  with  an  important  cognitive  load
or  the  nurses  considering  rapid  patient  turnover,  monitor-
ng  and  alarms,  drug  administration,  and  multiple  caregiver
nteractions  as  part  of  the  workload.  This  environment  is
imilar  to  that  of  an  intensive  care  unit  or  emergency
epartment  both  of  which  are  propitious  to  task  interrup-
ion.

The  healthcare  professional  experiencing  task  interrup-
ions  reacts  inexorably  with  multitasking.  Pashler  et  al.4

efined  two  types  of  multitasking:  the  task  switching,  where
he  primary  task  switches  to  a  new  one,  and  the  concurrent
ultitasking  where  both  tasks  are  performed  simultane-

usly.  Those  two  processes  rely  on  different  neuronal
athways  and  induce  different  consequences.5 Multitasking
s  a  frequent  event.  In  more  than  1000  hours  of  obser-
ation,  Walter  et  al.  estimated  its  incidence  to  be  from

 to  17  times  per  hour  in  an  emergency  department.6

nterruptions  leading  to  multitasking  are  associated  with
n  increase  in  error  rate,7,8 procedure  failure,  and  clinical
rrors.9

Numerous  studies  focused  on  describing  the  character-
stics  of  the  interruptions  and  their  consequences.10 Still,
nowledge  is  lacking  regarding  the  factors  that  may  influ-
nce  the  type  of  response  triggered  by  an  interruption  and
ts  negative  effect  on  interrupted  task.

Our  hypothesis  is  that  task  switching  or  concurrent
ultitasking  may  occur  differently  according  to  the  char-

cteristics  of  the  interruption,  like  the  task  interrupted
related  to  patient  care  or  not),  the  characteristics  of  the
nterrupter  (colleague,  patient),  the  duration  of  the  inter-
uption,  and  its  context.  We  therefore  prospectively  studied
asks  interruptions  and  multitasking  during  nurse  activity  in

 university  hospital  PACU.
26
ethods

tudy  design

e  conducted  a  prospective  observational  study  in  the  anes-
hetic  department  of  a  French  university  hospital  in  the
ACU  from  the  8th of  February  to  the  1st of  March  2017.  This
aper  was  written  according  to  the  STROBE  statement.  The
tudy  has  been  submitted  and  approved  by  our  local  ethics
oard.

etting

he  PACU  has  a  capacity  of  12  patients  for  visceral,
ndocrinologic,  urologic,  and  gynecologic  procedures.  Dur-
ng  the  daytime  activity,  from  8:10  AM  to  8:00  PM,  4  nurses
nd  2  nursing  assistants  work  in  the  PACU  with  a  30-minute
unch  break.  Each  nurse  is  in  charge  of  a  maximum  4
atients.  Day  shifts  are  scheduled  as  follow:  one  nurse  from
:00  AM  to  06:30  PM,  two  nurses  from  9:00  AM  to  07:30  PM
nd  one  from  11:40  to  07:30  PM.  The  2  nursing  assistants’
ay  shifts  are  8:00  AM  to  4:00  PM,  and  12:30  to  8:00  PM.

ata  collection

ach  day  for  16  days,  a  unique  and  different  nurse  pertain-
ng  to  the  PACU  was  observed.  A  rotation  of  four  observers
as  organized  with  one  per  day  observing  one  randomly

elected  nurse.  The  four  observers  were  anesthetic  nurse
rainees.  These  trainees  were  former  nurses  with  several
ears  of  experience  in  emergency  care,  intensive  care,  or  in
ACU.  All  the  observers  were  trained  to  detect  and  charac-
erize  task  interruptions.  The  information  and  consent  of  the
bserved  nurse  were  obtained  at  the  beginning  of  the  day,
nd  from  the  patient  at  the  beginning  of  the  procedure.
here  were  no  refusals  to  participate.  Then,  the  observer
ook  place  in  a corner  of  the  room  with  a  laptop  and  stayed
here  as  discreetly  as  possible,  with  no  direct  contact  with
he  observed  nurse.  The  data  was  collected  using  an  Excel
preadsheet  designed  for  the  study.

ariable
8

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/


Brazilian  Journal  of  Anesthesiology  2023;73(3):267---275

Table  1  Definition  used  for  Task  interruption,  Task  switching,  and  Concurrent  multitasking.23

Definition

Task  interruption  Task  interruption  if  defined  by  a  break  in  performance,  provisional  or  definitive,  of  human  activity.
The source  of  the  task  interruption  is  internal  or  external  to  the  recipient.  The  task  interruption
causes a  break  in  the  workflow,  a  disturbance  of  the  concentration  of  the  operator,  and  an  alteration
of the  performance  of  the  act.  The  possible  realization  of  secondary  activities  completes  to  thwart
the smooth  running  of  the  initial  activity.

Concurrent  multitasking Concurrent  multitasking  (or  dual-task  interference,  dual-tasking,  dual-task  performance)  is  the
performance  of  two  or  more  actions  simultaneously.

Task  switching Task  switching  is  the  management  of  multiple  tasks  in  which  there  is  switching  between  tasks  that
are progressing  in  parallel.

Table  2  Data  collected  for  each  interruption  observed.

Workload  Step  of  care  Interrupter  Interruption  source

Number  of  healthcare
professionals  present

Patient  admission Oneself  Human  direct  interaction

Number of  patient  present Drug  preparation Patient Noise
Nursing  care Healthcare  professional Phone
Patient  record  filling Authority:  Medical  Doctor,

Chief  nurse,  Anesthesiologist
resident

Alarm

Patient monitoring  Nurse/Anesthetist  nurse  Other
Patient set-up  Nurse  assistant
Nurse  shift  Other  caregivers:  SB,

Regulator
Other:  Non-human  interruption

Subject of  the  task
interruption

Duration  of  the  interruption  Type  of  multitasking  Consequences  of  the
multitasking

Social  interaction  <  1  min  Task  switching  Resumption  of  the  initial
task  with  no  alteration

Seek information  1---5  min  Withholding  of  the  initial
task

Alteration  of  the  initial  task

Provide information  >  5  min  Transfer  the  task  to  another
caregiver

Cancellation

Asking for  help  Concurrent  Alteration
Logistic Start  over
Other (Supervision,

Reminder. .  .)
Resumption  lag

s
T

-

-

-

-

-

-

The  definitions  used  for  the  task  interruption,  task
witching,  and  concurrent  multitasking  are  described  in
able  1.  The  data  collected  for  each  interrupted  task  were:

 The  workload  at  the  time  of  the  task  interruption  charac-
terized  by  the  number  of  healthcare  professionals  present
and  the  number  of  patients  present;

 The  step  of  care  of  the  initial  task  out  of  seven  predefined
steps  of  the  PACU  care  process;

 The  caracteristics  of  the  interruption:  source,  topic,  dura-
tion  defined  as  the  time  between  the  interruption  of  the

initial  task,  and  the  end  of  the  interrupting  task;

 Nature  of  the  interrupter:  Patient,  Healthcare  pro-
fessional,  or  Non-human  interruption.  The  Healthcare
professional  was  stratified  according  to  the  hierarchy  of

26
Other

the  hospital  as  Authority:  medical  doctor,  chief  nurse,
resident;  Colleague:  nurse  or  anesthetist  nurse;  Nurse
assistant,  or  the  interrupter  could  also  be  identified  as
the  Nurse  (self-interruption);

 Type  of  multitasking:  concurrent  multitasking  or  task
switching.  In  the  case  of  task  switching,  the  transfer  of
the  task  to  another  colleague  or  withholding  of  the  initial
task  were  documented;

 The  consequences  of  multitasking:  resumption  of  the  ini-
tial  task  or  the  alteration  of  the  initial  task.  The  alteration
of  the  initial  task  was  defined  as  the  cancellation  of  the
task  or  the  delaying  of  the  task  (starting  over,  resuming

lag,  etc.).

The  detailed  data  collected  are  described  in  Table  2.

9
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Figure  1  Flow  chart  of  the  rea

bjective

he  primary  objective  of  the  study  was  to  focus  on  the  pre-
ictors  of  the  reaction  of  the  observed  nurse  (task  switching
r  concurrent  multitasking).

Our  second  objective  was  to  select  the  predictors,  in  case
f  concurrent  multitasking,  leading  to  an  alteration  of  the
nitial  task.

tatistical  analysis

uantitative  variables  were  presented  with  their  median
ssociated  with  their  interquartile  range.  Qualitative  varia-
les  were  presented  using  numbers  and  proportions.  The
omogeneity  between  classes  was  evaluated  using  Pearson’s
hi-square  tests  and  Fisher  Exact  test  (qualitative  variable)
nd  Welch  t-test  (quantitative  variable).

In  order  to  select  and  represent  variables  of  importance
or  the  description  of  the  outcomes,  classification  tree  anal-
ses  were  computed  using  the  C5.0  algorithm.  The  C5.0
lgorithm  is  used  to  create  a  classification  tree  by  select-
ng  the  most  important  variable  for  each  node  in  order  to
ower  the  entropy  among  the  different  leafs  created.  Two
lassification  trees  were  computed  in  order  to  explain  (1)
he  choice  of  the  nurse  between  concurrent  multitasking  or
ask  switching,  and  in  case  of  task  switching  (2),  the  resump-
ion  or  alteration  of  the  task.  The  predictor  variables  used
or  the  analysis  were  the  number  of  healthcare  profession-
als  in  the  PACU,  the  number  of  patients  in  the  PACU,  the
nterrupter,  the  duration  of  the  interruption,  and  the  step

f  care.

Finally,  in  order  to  determined  the  stability  of  the  first
ariable  selected  into  the  classification  trees,  we  used
000  bootstrap  iteration  to  determined  the  percentage  of

d
w
c

27
 in  front  of  a  task  interruption.

election  of  the  first  selected  variable  and  confirmed  his
mportance.

In  all  statistical  tests  (two-tailed),  p-values  smaller  than
.05  were  considered  as  significant.  Statistical  analyses
ere  performed  using  R  version  3.4.3  (package  C50  0.1.2).

esults

rom  the  8th of  February  to  1st of  March  2017,  we  reported
119  TI  during  132  hours  of  observation  (8.5  TI/hour),  from
8  observed  nurses.  The  main  reaction  was  concurrent  multi-
asking  (805  TI,  72%).  The  task  switching  led  to  an  alteration
f  the  initial  task  in  73  TI  (23%),  with  cancellation  (17  TI,
3%),  a  resumption  lag  (23  TI,  32%),  or  starting  over  the
ask  (33  TI,  45%).  Among  the  314  task  switching,  291  result
n  witholding  the  initial  task  (93%),  while  23  leaded  to  the
ransfer  of  the  new  task  to  another  caregiver  (8%).  The
epartition  of  the  reaction  and  consequences  of  the  TI  are
epresented  in  the  Figure  1.

Table  3  describes  the  characteristics  of  the  task  switching
nd  concurrent  multitasking.  Task  switching  was  preformed
referentially  when  the  interruption  source  was  a  direct
uman  interaction  or  a  noise,  and  among  interrupters,  self-
nterruption,  or  patient  interruption  led  to  task  switching
Table  3).  During  the  patient  monitoring  or  the  nurse  shift,
he  task  interruption  resulted  principally  in  task  switching.
ask  switching  was  also  the  main  reaction  when  the  sub-
ect  of  the  task  interruption  was  logistic  reason  or  asking
or  help.
The  practice  of  concurrent  multitasking  was  predominant
uring  the  short  interruptions  (less  than  one  minute),  and
hen  the  task  interrupter  was  a  nurse  assistant  or  another
aregiver.

0
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igure  2  Classification  Tree  for  the  Task  switching  and  Concu

There  was  no  difference  in  the  mean  number  of  patients
n  the  PACU  or  of  healthcare  professionals  for  the  two  types
f  multitasking.

Considering  the  choice  of  task  switching  or  concurrent
ultitasking,  the  most  important  associated  factor  was  the
uration  of  the  task  which  interrupted  the  nurses.  The  short
asks  (one  minute  or  less)  were  significantly  associated  with
he  choice  of  concurrent  multitasking,  while  longer  tasks
ere  associated  with  task  switching.  The  other  factors  asso-
iated  with  the  type  of  multitasking  were  the  interrupter,
he  subject  of  the  task  interruption,  and,  less  significan-
ly,  the  number  of  nurses  present  (Fig.  2).  Concerning  the
tability  analysis,  the  duration  was  the  most  frequent  vari-
ble  selected  (89.4%),  followed  by  the  identity  of  the  task
nterrupter  (9.8%).

Regarding  the  consequence  of  the  task  switching  on  the
nitial  task,  we  documented  more  alteration  of  tasks  during

onger  periods  of  time  (Table  4).  While  the  duration  was  still
he  main  characteristic  to  determine  the  resumption  or  the
lteration  of  the  initial  task,  the  step  of  care  and  the  number
f  patient  present  were  the  two  other  associated  factors

t

f
o

27
 Multitasking.  TS,  task  switching;  CM,  concurrent  multitasking.

Fig.  3).  Concerning  the  stability  analysis,  the  duration  was
he  most  frequent  variable  selected  (75.7%),  followed  by  the
tep  of  care  (12.7%).

iscussion

his  study  identified  several  important  findings.  First,  to
ur  knowledge,  we  conducted  the  first  study  to  provide

 description  of  a  large  number  of  task  interruptions  and
ts  consequences  in  a  PACU.  Frequency  of  the  TI  is  simi-
ar  to  those  previously  reported  in  ICU,  emergency  rooms
nd  operating  rooms.11---13 Second,  it  highlights  the  vari-
ty  of  reactions  of  the  nurse  facing  a  task  interruption,
nd  describes  two  possible  outcomes  (task  switching  and
oncurrent  multitasking).  These  reactions  are  associated
ith  factors  that  may  negatively  influence  concurrent  mul-
itasking.
In this  work,  we  confirm  that  concurrent  multitasking  is

ar  more  frequent  than  the  task  switching.  This  reaction
ccurs  when  the  nurses  face  human  interaction  or  when  the

1
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Figure  3  Classification  Tree  for  the  consequen

nterruption  is  a  short-lived  task  (less  than  one  minute).  We
uppose  that  the  nurses  are  able  to  assess  the  duration  of
he  interruption  and  evaluate  the  feasibility  of  their  origi-
al  task.  The  duration  of  interruption  seems  to  be  the  major
arameter  of  multitasking  time,  as  a  longer  interruption
eads  to  task  switching.

The  concurrent  multitasking  seems  commonly  preferred
hen  a  task  is  not  complex  and  the  duration  of  the

nterruption  is  short.6 Interestingly,  it  has  been  shown
hat  the  people  who  will  most  likely  engage  in  concur-
ent  multitasking  have  poor  actual  concurrent  multitasking
bility.14 Moreover,  multitasking  lowers  IQ  and  productivity
y  40%,15 decreases  accuracy,16 and  increases  reaction  time
n  response  to  environmental  stimuli.17 The  ‘‘Bottleneck
ffect’’  appears  when  cognitive  capacities  are  over-
helmed  by  intense  workload,  a  consequence  of  concurrent
ultitasking.18

We  chose  to  study  the  consequences  of  the  task  switching
n  the  initial  task  by  dividing  them  as  follows:  either  there  is

 resumption  or  an  alteration  of  the  initial  task  (starting  over
f  the  task,  resumption  with  delay,  or  cancellation).  When

he  nurses  are  interrupted  in  their  task,  we  can  observe  a
hift  in  attention  from  the  initial  process  to  the  new  one
ith  a  decay  of  the  memory  of  the  initial  process.  When  the

nterrupting  task  is  handled,  the  nurse  moves  back  to  the

b
t
r
t

27
f  the  task  switching  (Alteration  or  Resumption).

riginal  task,  but  the  step  of  the  process  when  interrupted
ay  be  lost.  Then,  the  interrupted  nurse  may  start  over

he  initial  task,  or  even  cancel  it.10 Task  switching  activates
n  internal  task  set  reconfiguration  inducing  an  increase  in
esponse  time  to  the  new  task  and  therefore  the  likelihood
f  errors.16,19 Similarly,  we  found  that  the  duration  of  the
nterruption  was  the  major  factor  leading  to  the  alteration
f  the  initial  task,  and  among  the  different  steps  of  care,
ursing  care  interruption  was  significantly  associated  to  a
igher  rate  of  alteration  of  the  initial  task.

Moreover,  the  number  of  patients  in  the  PACU  is  another
ignificant  factor  associated  to  the  alteration  of  the  initial
ask,  confirming  that  a  higher  workflow  of  patients  probably
avours  the  negative  effect  of  the  interruption.

The  workload  is  a  debated  factor  for  the  influence  on
he  error  rate.  Weigl  et  al.  investigated  the  impact  of
nterruption  and  multitasking  on  patient  care  quality  in  an
mergency  department  and  reported  that  workflow  inter-
uptions  were  positively  associated  with  patient-related
nformation  on  discharge  and  overall  quality  of  transfer.20

n  the  other  hand,  Westbrook  et  al.  found  no  association

etween  workload  and  error  rate.7 In  our  study,  there  seems
o  be  a  negative  (but  modest)  impact  of  the  workload  on  the
esumption  of  the  initial  task  during  task  switching,  leaving
he  discussion  open  for  future  research.
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Table  3  Descriptive  characteristics  of  the  task  switching  and  concurrent  multitasking.

Total  Task  switching  Concurrent  p-value
1119---100% 314---28%  805---72.0%

Number  of  patients  during  the  interruption  6  [5;7]  6  [5;6]  6  [5;7]  0.211
Number of  healthcare  professionals  during  the  interruption 6  [5;8]  6  [5;8]  6  [5;8]  0.077
Interruption  source <  0.001

Human direct  interaction  964---86.1%  233---74.2%  731---90.8%
Noise 71---6.3%  17---5.4%  54---6.7%
Phone 38---3.4%  30---9.6%  8---1.0%
Alarm 25---2.2%  17---5.4%  8---1.0%
Other 21---1.9%  17---5.4%  4---0.5%

Duration <  0.001
< 1  min 931---83.2%  201---64.0%  730---90.7%
1---5 min  152---13.6%  91---29.0%  61---7.6%
> 5  min  36---10.4%  22---7.0%  14---1.7%

Interrupter  <  0.001
Nurse 392---35.0%  79---25.2%  313---38.9%
Nurse anesthetist  126---11.3%  31---9.9%  95---11.8%
Authority 98---8.8%  34---10.8%  64---8.0%
Nurse assistant  78---7.0%  10---3.2%  68---8.4%
SB, Regulator,  OC 227---20.3%  54---17.1%  173---21.5%
Oneself 113---10.1% 60---19.1%  53---6.6%
Other 44---3.9%  27---8.6%  17---2.1%
Patient 41---3.7% 19---6.1%  22---2.7%

Step of  care 0.002
Patient  admission 82---7.3% 18---5.7%  64---8.0%
Drug preparation 65---5.8% 15---4.8% 50---6.2%
Nursing  care 281---25.1% 62---19.8% 219---27.2%
Patient  record  filling 474---42.4% 147---46.8% 327---40.6%
Patient  monitoring 99---8.8% 40---12.7% 59---7.3%
Patient  set-up  68---6.1%  14---4.5%  54---6.7%
Nurse shift  50---4.5%  18---5.7%  32---4.0%

Subject of  the  interruption  <  0.001
Provide information  208---18.6%  52---16.6%  156---19.4%
Asking for  help  59---5.3%  36---11.5%  23---2.9%
Seek information  319---28.5%  106---33.7%  213---26.5%
Social interaction  131---11.7%  24---7.6%  107---13.3%
Logistic 85---7.6%  48---15.3%  37---4.6%
Other 317---28.3%  48---15.3%  269---33.3%

SB, stretcher bearer; OC, other caregiver.
Results are expressed in number of interruption and percentages for qualitative variable and median with their interquartile range
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for quantitative variable. p-value represents the p-value of a c
multitasking.

In  a  global  approach  regarding  the  flow  of  disruption  and
nterruption  in  clinical  practice,  it  is  important  to  recall
hat  the  interruption  and  multitasking  is  not  always  harm-
ul:  not  to  mention  the  interruption  in  order  to  alert  another
ealthcare  professional  of  a  safety  problem,  even  the  social
nteractions  are  also  a  necessity  for  human  beings,  and  to
rovide  a  social  environment  improving  communication.21

In  our  study,  we  did  not  compare  the  consequences  of
oncurrent  multitasking  and  task  switching,  and  our  design
as  not  intended  to  extrapolate  this  conclusion.  There
re  probably  specific  consequences  for  each  multitasking
hoice.  We  chose  to  focus  only  on  the  consequences  of

ask  switching  because  of  a  simple,  clear,  and  reproducible
ethod.  For  logistical  reason,  we  also  did  not  choose  the

ideo  recording  tool  to  document  the  task  interruption,

a
m

27
uared test of the class between task switching and concurrent

hich  allows  microanalysis  of  the  footage  and  lead  to  a
etter  investigation  of  adverse  events.22 This  allowed  us  to
ocument  a bigger  number  of  interruptions,  at  the  cost  of
sing  a  simple  classification  and  simpler  analysis.  In  most
ategories,  we  successfully  managed  to  classify  each  inter-
uption,  but  regarding  the  subject  of  the  interruption,  we
ad  28%  of  the  interruption  classified  as  ‘‘other’’.  Further-
ore,  we  did  not  study  the  impact  of  the  personality  or  the

ntrinsic  factor  depending  of  the  observed  nurse,  leading  to
otentially  large  unmeasured  effect  of  observed  nurse.  The
ariability  of  the  observed  result  related  to  the  observed
urses  need  to  be  investigated  in  future  study,  as  well  as

nother  classification  for  the  subject  of  the  interruptions
ight  be  used,  more  suitable  to  the  PACU.
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Table  4  Descriptive  characteristic  of  the  consequence  of  the  task  switching  on  the  interrupted  task.

Alteration  Resumption  p-value
73---24.6%  212---74.4%

Number  of  patient  during  the  interruption  6  [5;6]  6  [5;7]  0.415
Number of  healthcare  professionals  during  the  interruption 5  [4;6]  5  [4;7]  0.327
Trigger 0.790

Human direct  interaction  57---78.0%  157---74.0%
Noise 3---4.1%  14---6.6%
Phone 5---6.9%  22---10.4%
Alarm 3---4.1%  9---4.3%
Other 5---6.9%  10---4.7%

Duration  <  0.001
< 1  min 37---50.7%  145---68.4%
1---5 min  23---31.5%  61---28.8%
> 5  min  13---17.8%  6---2.8%

Interrupter  0.114
Nurse 28---38.3%  44---20.7%
Nurse anesthetist  5---6.9%  24---11.3%
Authority  6---8.2%  23---10.9%
Nurse assistant  2---2.7%  7---3.3%
SB, Regulator,  OC 13---17.8%  36---17.0%
Oneself  8---11.0% 47---22.2%
Other  7---9.6%  18---8.5%
Patient 4---5.5% 13---6.1%

Step  of  care 0.016
Patient  admission 6---8.2% 9---4.3%
Drug  preparation 2---2.7% 11---5.2%
Nursing  care 21---28.8% 37---17.6%
Patient  record  filling 30---41.1% 106---50.0%
Patient  monitoring 9---12.3% 24---11.3%
Patient  set-up  5---6.9%  8---3.7%
Nurse shift  0---0%  17---8.0%

Subject  of  the  interruption  0.410
Provide information  16---21.9%  35---16.5%
Asking for  help  5---6.9%  23---10.9%
Seek informations  25---34.2%  71---33.5%
Social interaction  5---6.9%  19---9.0%
Logistic 15---20.5%  30---14.1%
Other 7---9.6%  34---16.0%

SB, stretcher bearer; OC, other caregiver.
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Results are expressed in number of interruption and percentages 

quantitative variable. p-value represents the p-value of exact fish

onclusion

n  this  study,  we  selected  the  main  predictor  of  the  task
witching  and  concurrent  multitasking  in  order  to  improve
ur  understanding  in  the  health  care  setting.  This  encour-
ges  future  research  on  flow  disruption  and  multitasking,
egarding  the  variability  of  the  negative  effect  of  each  reac-
ion  (task  switching  or  concurrent  multitasking)  caused  by  an
nterruption,  the  exploration  of  adapted  prevention  strate-
ies,  and  confirm  that  the  PACU  is  a  suitable  environment  to
ocument  and  investigate  task  interruption.
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alitative variable, and median with their interquartile range for
st for the homogeneity of the class.
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Abstract
Background:  Mobile  phones  in  hospital  settings  have  been  identified  as  an  important  source  of
cross-contamination  because  of  the  low  frequency  with  which  mobile  phones  are  cleaned  by
health workers  and  cyclical  contamination  of  the  hands  and  face.  The  aim  of  this  study  was
to investigate  whether  the  mobile  phones  of  the  anesthesia  team  at  a  teaching  hospital  are
potential reservoirs  of  nosocomial  bacteria.  In  addition,  differences  in  device  sanitization  and
hand hygiene  habits  between  attending  and  resident  anesthesiologists  were  correlated  with
mobile phone  colonization.
Methods:  A  prevalence  study  was  conducted  over  a  6-month  period  from  2017  to  2018  that
involved the  collection  of  samples  from  the  mobile  phones  of  the  anesthesiology  team  and  cul-
turing for  surveillance.  A  questionnaire  was  administered  to  assess  the  mobile  phone  sanitization
and hand  washing  routines  of  the  anesthesia  team  in  specific  situations.
Results:  Bacterial  contamination  was  detected  for  86  of  the  128  mobile  phones  examined

(67.2%). A  greater  presence  of  Micrococcus  spp.  on  devices  was  correlated  with  a  higher  fre-
quency of  mobile  phone  use  (p  =  0.003)  and  a  lower  frequency  of  sanitization  (p  =  0.003).  The
presence of  bacteria  was  increased  on  the  mobile  phones  of  professionals  who  did  not  perform
handwashing  after  tracheal  intubation  (p  =  0.003).
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Conclusion:  Hand  hygiene  and  device  sanitization  habits  were  more  important  than  the  use
behavior, as  a  higher  presence  of  bacteria  correlated  with  poorer  hygiene  habits.  Furthermore,
handwashing  is  the  best  approach  to  prevent  serious  colonization  of  mobile  devices  and  the
possible  transmission  of  pathogens  to  patients  under  the  care  of  anesthesiologists.
© 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/).

I

P
d
P
s
d
l
m
g
s

p
p
t
p
i
v
c
p

m
i
i
c
o
a
c

m
c
t

t
t
n
i
r
w

M

A
m
6
o
a
t
m

r
p
h
b
m
f
m
t
t
b
g

t
t
m
o
t
E
t
s
a

l
m
t
3
m
f
A
a
a
t
s

a
C
i
t
d
L

i
m
t
i
a
s

ntroduction

ortable  electronic  devices  are  increasingly  present  in  the
aily  lives  of  individuals  and  in  the  medical  environment.
ositive  impacts  of  these  devices  among  medical  profes-
ionals  with  regard  to  communication,  productivity  and
octor-patient  relationships  have  been  reported.1 Nonethe-
ess,  since  the  beginning  of  the  21st  century,  the  use  of
obile  phones  in  hospital  settings  has  been  considered  dan-

erous  due  to  electromagnetic  interference  with  equipment
uch  as  infusion  pumps,  ventilators,  and  pacemakers.2

Another  concern  with  these  devices  derives  from  a
ioneering  study  on  the  collection  of  hand  and  mobile
hone  swabs  that  correlated  the  presence  of  Acinetobac-
er  spp.  in  these  samples  with  the  potential  of  future
atient  transmission.3 Since  then,  these  devices  have  been
dentified  as  potential  reservoirs  of  nosocomial  bacteria,4---7

iruses,8 and  fungi.9 Indeed,  a  review  published  in  2009  indi-
ated  that  the  rate  of  mobile  phone  contamination  with
athogenic  bacteria  was  between  9  and  25%.6

Furthermore,  it  is  believed  that  mobile  phones  may  be
ore  problematic  for  cross-contamination  than  the  inan-

mate  objects  of  hospital  settings.  The  reasons  for  this
nclude  the  low  frequency  with  which  mobile  phones  are
leaned  by  health  workers  and  the  cyclical  contamination
f  the  hands  and  face,  as  well  as  the  close  contact  with
reas  of  the  body  that  exhibit  a  high  incidence  of  bacterial
olonization,  such  as  the  ears,  nose,  and  mouth.5,7,8,10---12

Although  it  has  been  established  that  the  use  of
obile  phones  by  anesthesiologists  can  result  in  hand

ontamination,12 few  studies  on  this  population  related  to
his  issue  have  been  specifically  conducted.

Given  the  above  information,  the  aim  of  this  study  was
o  investigate  whether  the  mobile  phones  of  anesthesia
eams  at  a  teaching  hospital  are  potential  reservoirs  of
osocomial  bacteria.  Additionally,  differences  in  device  san-
tization  and  hand  hygiene  habits  between  the  attending  and
esident  anesthesiologists  were  investigated  and  correlated
ith  mobile  phone  colonization.

ethods

fter  approval  by  the  institutional  Research  Ethics  Com-
ittee,  this  cross-sectional  study  was  conducted  over  a

-month  period  from  2017  to  2018.  This  study  was  based

n  the  collection  of  samples  from  the  mobile  phones  of  the
nesthesiology  team  of  the  surgical  centers  of  the  Hospi-
al  Central  da  Santa  Casa  de  Misericórdia  de  São  Paulo  and
icrobial  culturing  for  surveillance  purposes.

S

t

27
The  time  spent  in  data  collection  should  not  influence  the
esult  of  the  collected  data,  as  the  colonization  of  mobile
hones  would  be  hypothetically  related  to  the  habits  of  hand
ygiene  and  sanitization  of  devices.  For  example,  the  possi-
ility  of  response  bias  due  to  change  in  behavior  (such  as
ore  frequent  and  thorough  cleaning  of  mobile  phones),

rom  the  perspective  of  the  Hawthorne  Effect,13 would  be
ore  likely  in  a  short  period  (such  as  1  month)  for  a  person

o  attempt  to  reduce  the  amount  of  bacteria  cultured  from
heir  sample.  Ideally,  collection  on  a  single  day  would  be  the
est  option  for  such  surveillance,  but  not  all  anesthesiolo-
ists  work  on  the  same  day.

Therefore,  10---15  mobile  phones  belonging  to  the  anes-
hesiologists  were  analyzed  every  two  weeks,  excluding
hose  who  refused  to  participate,  those  who  did  not  carry
obile  phones  in  the  surgical  center,  those  who  were  absent

n  their  working  days  when  the  samples  were  collected  and
hose  with  mobile  phones  in  use  for  less  than  three  months.
ach  device  was  only  analyzed  once  by  the  investigators.  As
he  surveillance  involved  convenience  sampling,  the  sample
ize  was  determined  by  based  on  the  population  of  attending
nd  resident  anesthesiologists.

Two  trained  investigators  performed  swab  sample  col-
ections  using  the  appropriate  aseptic  technique.  For  each
obile  phone,  swabbing  of  the  entire  screen,  back  por-

ion,  and  side  buttons  was  performed  for  approximately
0  seconds.  The  swab  technique  was  chosen,  which  is  the
ost  commonly  used  technique.5 Unique  samples  from  dif-

erent  anesthetists  were  transported  to  the  laboratory  in
mies  medium  within  4  hours.  A  non-validated  questionnaire
dapted  from  Ulger  et  al.,10 Sadat-Ali  et  al.,11 Mark  et  al.,14

nd  Cavari  et  al.8 was  given  to  the  participants  to  identify
heir  device  sanitization  and  hand  hygiene  behaviors,  and
igned  informed  consent  was  obtained.

In  the  laboratory,  the  samples  were  spread  onto  blood
gar  plates  and  incubated  at  35  ±  2 ◦C  for  up  to  48  hours.
olonies  that  grew  on  the  plates  were  identified  accord-

ng  to  conventional  biochemical  laboratory  techniques,  and
he  antimicrobial  resistance  profiles  of  the  isolates  were
etermined  according  to  the  criteria  of  the  Clinical  and
aboratory  Standards  Institute.15

An  external  collaborator  was  responsible  for  correlat-
ng  the  questionnaire  data  with  the  microbiological  results,
aintaining  confidentiality.  All  samples  were  paired  with

he  questionnaires  using  identification  codes  such  that  only
ndividual  mobile  phone  owners  could  identify  their  culture
nalysis  results  using  their  personal  codes  at  the  end  of  the
tudy,  if  interested.  This  study  adhered  to  the  applicable

TROBE  guidelines.16

Quantitative  variables  were  analyzed  using  Student’s  t-
est,  and  the  results  are  expressed  as  the  mean  and  standard
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G.H.  Correa,  C.S.  Formigoni,  S.M.  Sasagawa  et  al.

Table  1  Distribution  of  participants  according  to  mobile  phone  usage  habits  in  the  surgical  center.  Values  are  reported  as  the
number (percentage).

Overall  Attendings  Residents  pc

n  =  126 n  =  78  n  =  48

Frequency  of
mobile  phone  use
in  a  single  daya

1---5  times  17  (13.5)  13  (16.6)  4  (8,3)

0.173
6---10 times  34  (27)  24  (30.8)  10  (20.8)
11---20 times  25  (19.8)  12  (15.4)  13  (27.1)
> 20  times  50  (39.7)  29  (37.2)  21  (43.8)

Types of  activities
performed  with
mobile  phonesb

Communication  110  (87.3)  72  (92.3)  38  (79.2)  <0.001*
Medical practice  103  (81.7)  59  (75.6)  44  (91.7)  0.036*
News 87  (69.0) 50  (64.1) 37  (77.1)  0.15
Social networks 77  (61.1) 34  (43.6) 40  (83.3) <0.001*
Games 27  (21.4) 13  (16.7) 14  (29.2) 0.102

a Only one answer was allowed for this habit. A chi-square test was performed on a 4 × 2 contingency table.
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b Participants could choose more than one activity.
c A chi-square test was performed between the groups, yielding

eviation.  Qualitative  variables  were  analyzed  using  the  chi-
quare  test,  and  the  results  are  expressed  as  absolute  and
elative  frequencies.  All  analyses  were  performed  with  the
elp  of  the  Statistics  Service  of  Santa  Casa  de  São  Paulo
chool  of  Medical  Sciences  using  SPSS  13.0.  The  significance
evel  adopted  was  p  <  0.05.

For  missing  data  analysis,  missing  completely  at  random
MCAR)  assumptions  were  applied.  We  used  pairwise  dele-
ion  for  one  participant  in  sex  analysis,  one  participant  in
obile  phone  brand  compilation  and  two  participants  in
rotective  cover  analysis.

esults

f  163  potential  participants  among  the  attending  and  resi-
ent  members  of  the  anesthesia  team,  129  met  the  inclusion
riteria  for  study  participation.  Of  these,  only  one  refused
o  participate  in  the  study.  A  total  of  128  participants  (69
ales  and  59  females)  who  carried  their  mobile  phones  in

he  surgical  center  were  selected  for  participation  in  this
tudy.  The  mean  age  (MA)  of  the  participants  was  37.5  (11.2)
ears,  and  the  mean  number  of  years  of  anesthesiology  expe-
ience  (MNYAE)  was  10.8  (11).  Of  these  128  participants,  49
ere  anesthesiology  residents  (25  males  and  24  females;  MA:
8.3  [2.2]  years;  MNYAE:  1.8  [0.83]  year)  and  79  attending
nesthesiologists  (44  males  and  35  females;  MA:  43.4  [10.7]
ears;  MNYAE:  16.1  [10.8]  years).

Of  128  participants,  one  attending  and  one  resident
eported  that  despite  carrying  the  device  they  did  not
se  their  mobile  phone  inside  the  surgical  center.  Of  the
26  respondents  who  responded  about  their  frequency  of
obile  phone  use,  only  13.5%  reporting  minimal  use  (1---5

imes/day)  of  the  device.  Protective  cases  were  used  on
he  mobile  phones  of  115  anesthesiologists  (91.3%).  When
sked  about  the  types  of  activity  performed  on  their  mobile
hone,  Communication  and  Medical  Practice  were  the  most
requently  mentioned  activities.  When  comparing  attend-

ngs  and  residents,  there  was  greater  use  of  mobile  phones
mong  the  latter  for  Medical  Practice  (p  =  0.036)  and  for
ocial  Networks  (p  <  0.001).  The  results  are  summarized  in
able  1.

(
b
w
o

27
 values listed in the table.

anitization  habits

e  observed  that  the  frequency  of  reported  device  cleaning
iffered  between  attendings  and  residents:  only  2%  of  the
esidents  reported  cleaning  their  device  every  day  (vs.  32.9%
f  the  attendings).  The  results  are  summarized  in  Table  2.

Although  only  59.4%  of  the  participants  performed  rou-
ine  mobile  phone  cleaning  (daily  or  weekly),  93.8%  believed
hat  their  mobile  phones  could  be  contaminated  with  bac-
eria  when  asked  about  the  subject.

Among  the  participants  who  performed  mobile  phone
leaning,  70%  ethanol  was  the  most  frequently  mentioned
gent  used,  at  88  responses  (68.8%  of  the  total).  Alcoholic
hlorhexidine  was  stated  by  13  participants  (10.2%).  More
han  one  response  was  allowed  per  participant.

acterial  contamination

f  128  mobile  phones  analyzed,  86  (67.2%)  showed  the  pres-
nce  of  bacteria  based  on  culturing.  Coagulase-negative
taphylococci  (CoNS)  were  the  most  common  bacteria
etected,  present  in  67  samples  of  which  19  strains
ere  found  to  be  oxacillin-resistant  to  antimicrobials.
taphylococcus  aureus  was  detected  in  6  samples  (4.7%),
ith  one  yielding  a  methicillin-resistant  (MRSA)  isolate.
hree  sample  with  Streptococcus  spp.  and  a  single  sam-
le  with  vancomycin-resistant  Enterococcus  (VRE)  were  also
etected,  as  shown  in  Fig.  1.

No  significant  associations  were  observed  when  evaluat-
ng  the  presence  of  bacteria  related  to  the  use  of  protective
overs  (p  =  0.777)  and  the  sex  (p  =  0.169)  and  resident  status
p  =  0.976)  of  the  participants.

Considering  the  sum  of  all  bacteria  in  the  analysis  of
he  frequency  of  use  and  cleaning  of  mobile  phones,  no
ifferences  were  observed  in  contamination  related  to  bet-
er  hygiene  habits  (p  =  0.148)  or  higher  frequency  of  use

p  =  0.722).  However,  in  the  analysis  of  the  presence  of  each
acterium,  we  observed  that  Micrococcus  spp.  correlated
ith  both  a  higher  frequency  of  use  and  a  lower  frequency
f  device  sanitization,  as  illustrated  in  Table  3.
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Table  2  Distribution  of  participants  according  to  sanitization  habits  of  mobile  phones.  Values  are  reported  as  the  number
(percentage).

Overall  Attendings  Residents  p
n =  128 n  =  79 n  =  49

Frequency  of
mobile  phone
cleaninga

Daily  27  (21.1)  26  (32.9)  1  (2)

<0.001
Weekly  49  (38.3)  30  (38)  19  (38.8)
Monthly 21  (16.4)  10  (12.7)  11  (22.5)
Never 31  (24.2)  13  (16.4)  18  (36.7)

n =  97c n  =  66  n  =  31

Motivation for
cleaningb

Patient  contamination 40  (41.2)  26  (39.4)  14  (45.2)  0.591
Children 21  (21.6) 20  (30.3) 1  (3.2)  0.003*
Personal hygiene 81  (83.5) 55  (83.3) 26  (83.9) 0.947
Fear of  disease  7  (7.2)  7  (10.6)  0  0.060

A chi-squared test was performed, yielding the p values listed in the table.
a Only one answer was allowed for this question. A chi-square test was performed on a 4 × 2 contingency table.
b Participants could choose more than one motivation.
c Participants who never sanitized their devices were excluded.

Figure  1  Positive  culture  results  of  swab  samples  from  the  mobile  phones  of  anesthesiologists  in  absolute  numbers.
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oNS, coagulase-negative  Staphylococcus;  MSSA,  methicillin-sen
RE, vancomycin-resistant  Enterococcus.

Regarding  contamination  of  the  devices  sanitized  with
leaning  products  compared  to  that  of  the  devices  not
leaned  with  these  products,  no  significant  differences  in
evice  contamination  were  observed  when  using  70%  ethanol
65.9%  vs.  70.0%,  respectively;  p  =  0.648)  or  Alcoholic
hlorhexidine  (53.8%  vs.  68.7%  contamination,  p  =  0.28).
hen  examining  the  presence  of  each  bacterial  group  with

espect  to  the  use  of  each  cleaning  product,  we  observed
ower  contamination  of  Micrococcus  spp.  on  devices  cleaned
ith  70%  ethanol  compared  to  other  sanitation  methods  or
nsanitized  devices  (29.5%  vs.  52.5%  with  p  =  0.013).

and  hygiene
ach  anesthesiologist  was  asked  to  indicate  when  they
ashed  their  hands  at  the  surgical  center  during  deter-
ined  situations  of  their  routine  practice.  Before  central

C
C
d

27
e  Staphylococcus  aureus;  MRSA,  methicillin-resistant  S.  aureus;

enous  line  placement  and  after  contact  with  biological
aterial  were  the  moments  in  which  the  most  hand  washing

ccurred.  For  peripheral  venipuncture,  prior  hand  washing
as  not  performed  by  most  of  the  professionals  as  shown  in
ig.  2.

The  presence  of  bacteria  was  analyzed  for  each  of  the
ituations  in  which  the  anesthesiologist  performed  hand
ashing,  and  the  results  showed  a  lower  percentage  of  bac-

eria  for  almost  all  situations.  Except  for  the  situation  of
racheal  intubation  (TI)  (p  =  0.003),  this  reduction  was  not
ignificant  as  shown  in  Table  4.

A  deeper  analysis  of  handwashing  after  TI  revealed  a
reater  prevalence  of  Micrococcus  spp.  (p  =  0.003;  50.7%
95%  CI  38.5---63.0%]  vs.  21.3%  [95%  CI  10.7---31.9%])  and

oNS  (p  =  0.005;  64.2%  [95%  CI  52.4---76.0%]  vs.  39.3%  [95%
I  26.7---52.0%])  in  the  device  sample  cultures  for  those  who
id  not  perform  hand  washing  in  this  situation.

9
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Table  3  Relationship  between  the  presence  of  bacteria  in  swab  sample  cultures  from  devices  and  a)  the  frequency  of  mobile  phone  use  in  the  surgical  center  in  a  single  day
and b)  frequency  of  mobile  phone  cleaning.  Values  are  reported  as  the  percentage  (95%  confidence  interval).

Micrococcus  CoNS  Bacillus  Streptococcus  S.  aureus  Enterococcus  Bacteria

a)  Daily
usage

1  to  5  5.9  (0---18.4)  58.8
(32.7---84.9)

5.9  (0---18.4)  11.8
(0---28.8)

11.8
(0---28.8)

0  70.6
(46.4---94.7)

6 to  10  24
(8.5---38.6)

47.1
(29.4---64.7)

11.8
(0.4---23.2)

0  2.9  (0---8.9)  0  58.8
(41.4---76.3)

11 to  20  48
(27.0---69.0)

60
(39.4---80.6)

8.0  (0---19.4)  0  4.0  (0---12.3)  0  68.0
(48.3---87.7)

> 20  times  48
(33.7---62.3)

48
(33.7---62.3)

10.0
(1.4---18.6)

2.0  (0---6)  4.0  (0---9.6)  2.0  (0---6)  70.0
(56.8---83.2)

p 0.003*  0.659  0.93  0.549  0.228  0.369  0.722

b) Cleaning
frequency

Daily  18.5
(2.9---34.2)

63.0
(43.5---82.4)

11.1
(0---23.8)

3.7  (0---11.3)  7.4  (0---18.0)  0  77.8  (61---95)

Weekly 28.6
(15.5---41.7)

42.9
(28.5---57.2)

10.2
(1.4---19.0)

4.1  (0---9.8)  8.2
(0.2---16.1)

0  57.1  (43---72)

Monthly 42.9
(19.8---65.9)

42.9
(19.8---65.9)

9.5  (0---23.2)  0  0  0  61.9  (39---85)

Never 61.3
(43.1---79.5)

64.5
(46.7---82.4)

6.5  (0---15.6)  0  0  3.2  (0---9.8)  77.4  (62---93)

p 0.003*  0.134  0.93  0.549  0.228  0.369  0.148

A chi-square test was performed, with p < 0.05 indicating significance.
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Figure  2  Occurrences  of  hand  washing  during  routine  practices  by  anesthesiologists,  reported  in  percentages.
TI, tracheal  intubation;  SC,  surgical  center;  SP,  surgical  procedures.

Table  4  Analysis  of  the  presence  of  bacteria  on  mobile  phones  related  to  the  habit  of  washing  hands  or  not  in  specific  situations
of the  routine  practice  of  anesthesiologists.  Values  are  reported  as  the  percentage  (95%  confidence  interval).

Situation  Washes  hands  Does  not  wash  hands  p

After  TI  54.1  (41.2---67.0)  79.1  (69.1---89.1)  0.003
SC exit  61.5  (50.5---72.6)  76.0  (63.7---88.3)  0.089
SC entry  59.6  (46.5---72.8)  73.2  (62.7---83.8)  0.104
Central venous  line  64.2  (54.9---73.4)  81.8  (64.3---99.3)  0.108
Venipuncture  58.8  (41.4---76.3)  70.2  (60.8---79.6)  0.225
Before and  after  all  SP  65.0  (55.5---74.5)  75.0  (57.9---92.1)  0.319
Neuraxial anesthesia  64.3  (52.8---75.8)  70.7  (58.6---82.8)  0.442
Biological material  67.0  (57.9---76.1)  68.2  (47.0---89.3)  0.913
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*A chi-square test was performed, with p < 0.05 indicating signific
TI, tracheal intubation; SC, surgical center; SP, surgical procedure

iscussion

he  present  study  evaluated  the  extent  to  which  anesthe-
iologists’  mobile  phones  can  be  reservoirs  of  pathogenic,
otentially  pathogenic  and  antibiotic-resistant  bacteria.  We
ecided  not  to  divide  the  bacteria  into  groups  accord-
ng  to  their  pathogenicity  due  to  the  imprecision  of  the
erms p̈athogenicänd n̈on-pathogenic̈.  All  bacteria  found  in
he  study  may  cause  diseases  in  humans,  varying  only  in
heir  pathogenic  potential.17 Despite  our  knowledge  of  the
ossible  major  impact  pathogenic  bacteria  would  have  on

 patient’s  condition,  we  preferred  not  to  use  this  clas-
ification  in  order  not  to  mitigate  the  anesthesiologists’
esponsibility  with  respect  to  their  hygiene  habits.

A  bacterial  contamination  rate  of  67.2%  was  observed  on

obile  phones,  which  is  lower  than  that  described  in  other

tudies.4,10 A  review  from  2015  indicates  that  the  preva-
ence  of  bacteria  can  vary  from  10---100%,  with  S.  aureus
eing  the  most  frequently  isolated  bacterium.5 However,

o
p
o

28
ur  bacterial  profile  indicated  that  CoNS  was  predominant
elative  to  other  bacteria,  which  is  similar  to  the  results
f  a  study  conducted  by  Tekerekoǧlu  et  al.4 This  differ-
nce  might  be  explained  by  the  progressive  decrease  in
he  presence  of  keyboards  and  grooves  in  mobile  phones
ver  the  years,  which  previously  allowed  for  bacterial  stor-
ge  and  hindered  cleaning.14,18 Furthermore,  contamination
ates  vary  according  to  the  country  of  origin  and  the  hospital
etting  studied,6 as  well  as  by  the  habit  of  using  the  devices
n  specific  places,  such  as  restrooms.19

In  a  study  that  evaluated  adherence  of  anesthesiologists
o  hand  washing,  procedures  such  as  peripheral  venipunc-
ure  and  TI  were  associated  with  the  lowest  rate  of  hygienic
dherence,  below  25%  (vs.  26.6%  for  venipuncture  and  47.7%
or  TI  in  our  study).  In  contrast,  central  venous  line  place-
ent  and  neuraxial  anesthesia  showed  the  highest  rates
f  hygienic  adherence.20 Therefore,  detection  of  a  greater
resence  of  Micrococcus  spp.  and  CoNS  on  the  mobile  phones
f  the  participants  who  do  not  wash  their  hands  after  TI  is
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safer care. Geneva: World Health Organization; 2009.
22. Fernandez PG, Loftus RW, Dodds TM, et al. Hand hygiene
G.H.  Correa,  C.S.  Form

ot  surprising,  as  this  practice  is  recommended  by  the  WHO
n  its  primary  hand  washing  guidelines.21 A  minority  of  anes-
hesia  professionals  are  well  aware  of  these  guidelines,  and
he  low  handwashing  adherence  observed  may  be  justified
y  a  failure  by  these  professionals  to  recognize  potential
ontamination  situations.22

We  did  not  detect  any  complex  dynamics  related  to  the
icrobiomes  of  mobile  phones  with  respect  to  different

leaning  strategies,  identifying  only  reduced  contamina-
ion  by  Micrococcus  spp.  when  70%  ethanol  was  used  and
hen  the  mobile  phone  was  frequently  sanitized.  This

ack  of  impact  may  reflect  the  limitations  of  using  self-
eclared  questionnaires  and  their  response  biases,  which
ight  restrict  the  extent  of  the  conclusions  on  which  they

re  based.  In  addition,  the  heterogeneity  of  cleaning  meth-
ds  in  terms  of  scrubbing  time,  pressure,  and  area  covered
mong  the  different  participants  may  have  contributed  to
hese  results.  Thus,  the  need  for  studies  focused  on  clean-
ng  techniques  and  the  elimination  of  bacteria  may  be  of
reat  value  to  guide  these  practices  and  identify  the  most
ppropriate  technique  to  lower  the  bacterial  colonization  of
obile  phones.
From  the  perspective  of  the  patients,  the  exploration

f  possible  alterations  of  patients’  flora,  to  investigate  the
ink  between  the  lack  of  hand  hygiene  after  intubation  and
ncrease  of  Micrococcus, could  be  the  subject  of  future
esearch  to  better  understand  this  relationship.

onclusions

lthough  device  microbiomes  are  local  specific  and  vary
ccording  to  the  cleaning  habits  of  the  owners  of  the
evices,  our  findings  regarding  the  importance  of  hand  wash-
ng  to  limit  potential  contamination  are  likely  replicable
ecause  the  hygiene  habits  of  physicians  tend  to  be  precar-
ous.  More  important  than  the  use  profile  were  the  device
anitization  and  hand  hygiene  habits,  with  a  higher  presence
f  bacteria  correlating  to  poorer  hygiene  habits.  Limiting
he  use  of  mobile  phones  is  not  an  appropriate  strategy,  as
heir  benefit  in  intrahospital  or  emergency  situations  would
e  lost  if  their  use  is  prohibited.  Therefore,  hand  washing
emains  the  best  approach  to  prevent  serious  colonization  of
obile  devices  and  the  possible  transmission  of  pathogens

o  patients  under  the  care  of  anesthesiologists.
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TaggedPAbstract
Background: Conventional dental care is often impossible in patients with Autism Spectrum Dis-
order (ASD). Non-collaborative behaviors, sometimes associated with aggressiveness, are usual
justifications for premedication in this population. Thereby, this research focuses on the effects
of oral midazolam versus oral ketamine plus midazolam as preanesthetic medication in ASD.
Methods: The sample included 64 persons with ASD, aged 2˗59 years, scheduled for dental care
under general anesthesia. The primary objective of this study was to compare degrees of seda-
tion between two parallel, double-blinded, equally proportional groups randomized to receive
oral midazolam (0.5 mg.kg�1, maximum 15 mg) or oral midazolam (0.5 mg.kg�1) associated with
oral S(+)-ketamine (3 mg.kg�1, maximum 300 mg). The secondary outcomes were the need of
physical stabilization to obtain intravenous line, awakening time, and occurrence of adverse
events.
Results: According to the dichotomous analysis of sedation level (Ramsay score 1 and 2 versus
Ramsay ≥ 3), oral association of S(+)-ketamine and midazolam improved sedation, with
increased probability of Ramsay ≥ 3, Relative Risk (RR) = 3.2 (95% Confidence Interval [95%
CI] = 1.32 to 7.76) compared to midazolam alone. Combined treatment also made it easier to
obtain venous access without physical stabilization, RR = 2.05 (95% CI = 1.14 to 3.68). There
were no differences between groups regarding awakening time and the occurrence of adverse
events.
TaggedEndTAGGEDPKEYWORDS
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TaggedEndH.M. Penna, A.P. Paiva, A.J. Romano et al.
TaggedEndTaggedPConclusion: The association of oral S(+)-ketamine with midazolam provides better preanesthetic
sedation rates than midazolam alone and facilitates intravenous line access in patients with
autism.
© 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

TaggedPIn 2016, the United States Centers for Disease Control moni-
toring system estimated the prevalence of Autism Spectrum
Disorder (ASD) at 18.5/1000 children by the age of eight.1

This was 175% higher than the results from 2000 and 10%
higher than the results from 2014 using the same database.
In Northern Ireland, in 201920, the prevalence rate was 4.2%
in school-age children.2 This increased prevalence may be
related to broader diagnostic criteria, public awareness of
ASD and improved diagnostic tools. ASD is defined as persis-
tent deficits in social communication and social interaction
in multiple contexts.3 Due to these traits, persons with ASD
may not cooperate during regular dental care, whether chil-
dren or adults. In a sample of individuals with neurological
disabilities who required general anesthesia for dental
treatment, 30% had ASD.4 TaggedEnd

TaggedPMidazolam is the most commonly used drug as preanes-
thetic,5 especially by the oral route, which is better toler-
ated than the nasal or intramuscular routes in non-
cooperative patients. Although not available in oral formula-
tion, parenteral formulation of S(+)-ketamine has been used
as preanesthetic by oral or nasal route,6,7 and more recently
by fogging.8 Despite an obvious and increasing demand, the
literature provides little data on preanesthetic medications
in the autistic population.9 Premedication makes the experi-
ence less unpleasant for the patient and family members,
decreases the possibility of physical stabilization, and facili-
tates multiprofessional management to the individual with
ASD.10TaggedEnd

TaggedPWe hypothesized that adding oral S(+)-ketamine to oral
midazolam would lead to a better premedication state,
compared to oral midazolam alone, when administered as
preanesthetic in patients with ASD. Thus, the primary end-
point was to observe the degree of sedation in groups receiv-
ing oral midazolam alone versus oral midazolam plus oral S
(+)-ketamine. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThis study was approved by the ethics committee of Facul-
dade de Medicina da Universidade Estadual Paulista − Cam-
pus de Botucatu (CAAE 65117917.1.3001.5411). The trial
was registered prior to patient enrollment in REBEC (ensaio-
sclinicos.gov.br, code RBR-8ttw3f). This parallel, double-
blind, controlled, randomized clinical trial was conducted
between September 2018 and January 2021 with individuals
who had been previously diagnosed with ASD by a neuropsy-
chiatrist and were referred for dental care under general
anesthesia. At least 15 days before the procedure, the writ-
ten informed consent to participate in the study was pre-
sented to the next of kin of potential participants during the
284
TaggedEndTaggedPpreanesthetic consultation. Direct patient assent was
waived due to their impaired verbal and non-verbal commu-
nication. The research was conducted according to the CON-
SORTstatement. TaggedEnd

TaggedPThe primary outcome was the degree of sedation in the
oral midazolam vs the oral midazolam plus oral S(+)-keta-
mine groups. Reaction to peripheral venous access, interfer-
ence in awakening time and occurrence of agitation,
nystagmus, sialorrhea, and postoperative vomiting were sec-
ondary outcomes. TaggedEnd

TaggedPTo calculate the sample size, a 50% sedation rate in the
desired range (Ramsay sedation score ≥3) for midazolam
alone was considered, with an absolute increase of 35%
(h = 0.775) for midazolam plus S(+)-ketamine. A total of 27
participants were required in each group for detection
power of 80% and 5% tolerance interval of error. We added
five individuals to each group to compensate for any losses
due attrition. The sample included males and females
between two and 59 years of age, previously diagnosed with
ASD, American Society of Anesthesiologists (ASA) physical
status II, who required preanesthetic medication and were
undergoing general anesthesia for dental assistance at the
Hospital Geral de Goiânia Alberto Rassi, or at the Hospital
Santa Terezinha in Goiânia, GO, Brazil. The non-inclusion
criteria were prediction of difficult airway, renal dysfunc-
tion, heart disease, history of allergy or adverse reaction to
the study drugs. Exclusion criteria after enrollment were
inadequate intake and vomiting after drug administration,
as well as major bleeding during surgery or any other signifi-
cant surgical complication that could interfere in postopera-
tive recovery. The degrees of autism were considered as
stratified by the American Psychiatric Association:
1 = requires support, 2 = requires substantial support,
3 = requires very substantial support.3 The analysis was per-
formed per-protocol to assess the effect of treatment under
ideal conditions. TaggedEnd

TaggedPOn the day of the procedure, the head nurse in the inpa-
tient ward received, in writing, the weight adjusted dose for
one or both medications for each individual participant and
administered the premedication according to group deter-
mination. Allocation was performed with opaque envelopes
numbered from 1 to 64, each containing one of the proposed
intervention options (32 envelopes for each group). The
envelopes were then drawn in a random order determined
by a simple randomization process with the aid of specific
software (www.randomization.com). Neither the partici-
pants nor their tutors were aware of the intervention group. TaggedEnd

TaggedPThe fasting period was 6 hours for light solid foods and
2 hours for clear liquids. If the participants routinely used
psychotropic medications, their administration was sched-
uled to no less than two hours prior to the surgical proce-
dure. The participants received the designated medication
while in the inpatient ward. In the Midazolam group,
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TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 283−290
TaggedEndTaggedPmidazolam dose was 0.5 mg.kg�1 (maximum 15 mg), while in
the Midazolam/Ketamine group, midazolam dose was
0.5 mg.kg�1 (maximum 15 mg) plus S(+)-ketamine dose
3 mg.kg�1 (maximum 300 mg), diluted in the oral midazolam
solution. The formulation of midazolam was in original man-
ufactured formulation syrup with sweet taste (2 mg.mL�1)
and S(+)-ketamine was in parenteral formulation (50 mg.
mL�1), both manufactured by Cristalia� pharmaceutical
industry. The doses were calculated based on actual body
weight within a limit of 15 mg for midazolam and 300 mg for
S(+)-ketamine to avoid major collateral effects in accor-
dance with previously published studies.5,11TaggedEnd

TaggedPThirty minutes after ingestion, the anesthesiologist, who
was blinded to the allocation group, assessed the degree of
sedation using the Ramsay scale (1: anxious, agitated; 2:
awake, cooperative, calm; 3: asleep, awakens to low auditory
stimulus; 4: asleep, reacts briskly to light glabellar tap or loud
auditory stimulus; 5: asleep, reacts slowly to vigorous painful
stimulus or loud auditory stimulus; 6: asleep, unresponsive to
vigorous painful stimulus or loud auditory stimulus).12 The
sedation level was dichotomized into Ramsay scores 1 and 2
vs. ≥3. The participants were separated from their parents or
tutors at entering in the surgical theater.TaggedEnd

TaggedPIn the operating room, the reaction prior to peripheral
venous access was stratified into four degrees (1: pharmaco-
logical intervention; 2: protective physical stabilization; 3:
minimal reaction; 4: no reaction). Pharmacological interven-
tion involved protective physical stabilization plus inhala-
tion of sevoflurane and 100% O2 through a face mask, or
intramuscular administration of ketamine (3 mg.kg�1). Pro-
tective physical stabilization involved careful stabilization
by nursing professionals. Minimal reaction consisted in mini-
mal stabilization only of the limb to be punctured. No reac-
tion represented immobility. The reaction to vascular access
was dichotomized as either with stabilization (score 1 and 2)
or without stabilization (score 3 and 4). TaggedEnd

TaggedPIntraoperative monitoring consisted of continuous elec-
trocardiogram, noninvasive blood pressure, peripheral oxy-
gen saturation, capnometry (EtCO2), and axillary
temperature. Preoxygenation was given for three minutes,
and anesthesia was induced with propofol (3 mg.kg�1), fen-
tanyl (2 mg.kg�1), and cisatracurium besylate (0.15 mg.
kg�1). Trachea was intubated through nasal route and after
waiting for the maximum effect of the neuromuscular
blocker. Mechanical ventilation was initiated according to
the following parameters: tidal volume 6 mL.kg�1 (peak air-
way pressure limited in 30 cm H2O) and age-appropriate
respiratory rate for a target EtCO2 between 35 to 45 mmHg
with a FiO2 of 80% and positive end-expiratory pressure of
5 cm H2O. Anesthesia was maintained with sevoflurane,
within the minimum alveolar concentration of 2%, with
increments of 0.5% based on cardiovascular parameters. If
the required dose of sevoflurane reached 4%, incremental
boluses of fentanyl (1 mg.kg�1) were administered up to a
maximum dose of 5 mg.kg�1. When endodontic treatment
and/or tooth extraction were indicated, local anesthesia
was performed by the surgical team with 2% lidocaine with
vasoconstrictor. During the intraoperative period, the anes-
thesiologist was blinded to the participant’s intervention
group. TaggedEnd

TaggedPAt the end of the procedure, metamizole (30 mg.kg�1)
and ondansetron (0.15 mg.kg�1) were administered.
285
TaggedEndTaggedPControlled ventilation was continued until there were signs
of swallowing and respiratory movement, at which point
neuromuscular blockade was reversed with atropine
(0.02 mg.kg�1) and neostigmine (0.04 mg.kg�1). The tra-
cheal tube was removed when the neuromuscular blocker
had been completely reversed, with the patient showing
signs of adequate spontaneous ventilation and attempts at
self-extubation. The awakening time was measured in
minutes from the moment that inhalation anesthetic was
interrupted until removal of endotracheal tube. Participants
remained in the postanesthetic care unit until they had
returned to their usual neuropsychological condition with a
score of seven or more on the Aldrete and Kroulik scale.
They were still observed for the occurrence of agitation,
nystagmus, sialorrhea, vomiting, and signs of postoperative
pain. The hospitalization regime planned was ambulatorial. TaggedEnd

TaggedPIn the statistical analysis, qualitative variables were
expressed as sample proportions and 95% Confidence
Intervals (95% CI) of the percentage differences and Rela-
tive Risks (RR). For comparison between groups, chi-
square test with Yates correction and Fisher’s exact test
were used when applicable. For quantitative variables,
the Shapiro-Wilk test and histogram analysis were per-
formed to assess the normality of distribution. Since con-
tinuous variables were normally distributed, they were
expressed as mean and standard deviation, and the
groups were compared using an unpaired Student’s t-
test. Differences in awakening time was assessed using
the Kaplan-Meier survival curve; p-values < 0.05 were
considered statistically significant. The analyses were
carried out in the R environment.13 TaggedEnd
TaggedH1Results TaggedEnd

TaggedPTo evaluate and compare the degree of sedation between
midazolam and the combination of midazolam plus S
(+)-ketamine as oral premedication in patients with ASD, a
total of 64 participants were recruited and randomly allo-
cated in two equal groups. Four participants in the combined
treatment group, 6.25% of the total sample, did not ingest
the premedication and were excluded from the study
(Fig. 1).TaggedEnd

TaggedPThe groups were similar in terms of patient characteris-
tics, preoperative conditions, and duration of the proce-
dures (Table 1). All participants were considered ASA
physical status II, mainly due to autism. In children and ado-
lescents, obesity was considered a z-BMI score ≥ 2 according
to World Health Organization score curves adjusted for sex
and age group.14,15 In adults, a BMI ≥ 30 was used to diag-
nose obesity.16TaggedEnd

TaggedPRegarding the primary outcome, the degree of sedation
differed between the two groups, with Ramsay score 2 pre-
dominating in the Midazolam group. There was a significant
difference between the groups overall, with p-value = 0.02
(Table 2). Dichotomous analysis of the degree of sedation
(Ramsay score 1 and 2 vs. Ramsay score ≥ 3) showed a signif-
icant difference between groups, as well. In the Midazolam
group, the occurrence of Ramsay score ≥ 3 was 15.6%, while
in the Midazolam/Ketamine group this same score was
observed in 50% of the participants, which bestows a



TaggedFigure

Figure 1 Clinical trial flow diagram (CONSORT).TaggedEnd

TaggedEndH.M. Penna, A.P. Paiva, A.J. Romano et al.
TaggedEndTaggedPRR = 3.2 (95% CI = 1.32 to 7.76 with p-value = 0.01) for this
degree of sedation. TaggedEnd

TaggedPVenous access was significantly easier in the combined
treatment group (p-value = 0.01), with a higher relative fre-
quency of physical stabilization required in the Midazolam
group (Table 3). Dichotomous evaluation of venous access
revealed that adding S(+)-ketamine to midazolam facilitated
venous access without resorting to restraint (64.2%) when
compared with midazolam alone (31.2%) with a RR = 2.05
(95% CI = 1.14 to 3.68) and p-value = 0.02. TaggedEnd

TaggedPRegarding awakening time, the groups did not differ sig-
nificantly in a time to event analysis as shown in the Kaplan-
Meier curve (Fig. 2). None of the participants in both groups
needed additional boluses of opioids, however about 30% in
each group required minimum alveolar concentration of sev-
oflurane up to 3%, without significant differences between
them (Table 1). TaggedEnd

TaggedPConcerning secondary outcomes in the Midazolam group
and Midazolam/Ketamine group, the respective occurrences
of adverse effects were as follows: agitation 9.3% vs. 7.1%
(RR = 0.76 [95% CI = 0.13 to 4.23] p-value = 0.75), nystagmus
3.1% vs. 0% (RR = 0.37 [95% CI = 0.01 to 8.95] p-value = 0.54),
286
TaggedEndTaggedPsialorrhea 21.8% vs. 17.8% (RR = 0.81 [95% CI = 0.29 to 2.28]
p-value = 0.69), and vomiting 0% vs. 3.5% (RR = 3.41 [95%
CI = 0.14 to 80.58] p-value = 0.44). None of the participants
required additional analgesia. TaggedEnd

TaggedPAll patients from both groups had acquired conditions of
being released from the postanesthetic care unit within 60
minutes, and of hospital discharge within two hours after
leaving the surgical theater. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPAmong the many challenges faced by autistic patients, diffi-
culty in social communication and low adaptability to non-
routine sensory experiences are particularly frequent. Non-
collaborative behaviors and high occurrence of anxiety in
the perioperative period are key justifications for preanes-
thetic medication in this specific population, especially in
those individuals who exhibit aggressive behaviors. It not
only helps all procedures related with anesthetic induction,
but also facilitates amnesia, favoring non-memorization of
triggering events that could lead to worse behaviors in



TaggedEnd Table 1 Patients’ characteristics, preoperative conditions, anesthesia duration and minimum alveolar concentration of sevo-
flurane in Midazolam group and Midazolam + Ketamine group (h = 60).

Variable Midazolam group (h = 32) Midazolam + ketamine group (h = 28)

Age (years)a

< 12 years 16 (50%) 11 (39.3%)
12 to 19 years 5 (15.6%) 4 (14.3%)
> 19 years 11 (34.4%) 13 (46.4%)
Malea 25 (78.1%) 20 (71.4%)
Body mass index (kg¢m�2)b 22.0 §6.0 21.8 §5.0
Degree of autisma,c

1 4 (12.5%) 4 (14.3%)
2 12 (37.5%) 9 (32.1%)
3 16 (50%) 15 (53.6%)

Comorbiditiesa

None 8 (25%) 6 (21.5%)
Epilepsy 10 (31.2%) 10 (35.6%)
Obesity 8 (25%) 8 (28.5%)
Other 7 (21.9%) 5 (17.9%)
Medicationsa 24 (75%) 22 (78.5%)
Anticonvulsants 11 (34.4%) 13 (46.4%)
Antipsychotics 20 (62.5%) 15 (53.6%)
Antidepressants 3 (9.4%) 3 (10.7%)
Benzodiazepines 6 (18.8%) 8 (28.6%)
Anesthesia duration (minutes)b 149.5 § 66.0 143.3 § 66.4

Minimum alveolar concentration of sevoflurane
2% 22 (68.7%) 19 (67.8%)
2.5% 5 (15.6%) 3 (10.7%)
3% 5 (15.6%) 6 (21.4%)

a Values expressed in absolute numbers and relative frequency (in parentheses).
b Values expressed as mean and standard deviation.
c Degree of Autism: 1 = requires support; 2 = requires substantial support; 3 = requires very substantial support.

TaggedEnd Table 2 Sedation levels in Midazolam group and Midazolam + Ketamine group according to Ramsay scale.

Variable Midazolam group (h = 32) Midazolam + ketamine group
(h = 28)

Difference between
percentages (95% CI of
differences)

pc

Ramsay scalea 0.02
1 6 (18.8%) 5 (17.9%) +0.9% (�18.7 to +20.7)
2 21 (65.6%) 9 (32.1%) +33.5% (+9.6 to +57.4)
3 3 (9.4%) 8 (28.6%) �19.2% (�38.7 to +0.3)
4 2 (6.2%) 2 (7.1%) �0.9% (�13.6 to +11.8)
5 0 4 (14.3%) �14.3%b

a Values expressed in absolute numbers and relative frequency (in parentheses).
b Impossible to calculate the difference between percentages.
c Chi-square test for independence; significance level: p < 0.05

TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 283−290
TaggedEndTaggedPfuture interventions. Perioperative management should be
individualized according to clinical manifestations, autism
degree, and associated comorbidities.10 TaggedEnd

TaggedPThe oral route of premedication seems to be less inva-
sive, nonetheless 6.25% of our sample did not accept the
proposed preanesthetic and showed uncollaborative behav-
iors before even tasting the formula (original manufacturer’s
formulation syrup with sweet taste). Regarding the primary
outcome, 81.2% of the participants in the Midazolam group
and 82.1% in the Midazolam/Ketamine group had a Ramsay
score ≥ 2, which can be interpreted as an anxiolysis state.
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TaggedEndTaggedPThe low oral bioavailability of S(+)-ketamine, estimated
between 8% and 11%,17,18 may have contributed to the fact
that only 50% of participants in the Midazolam/Ketamine
group presented a Ramsay score ≥3 (drowsy, asleep, or
sedated). Nevertheless, this rate was three times higher
than in the Midazolam group, whose rate was 15.6%. TaggedEnd

TaggedPOur sample characteristics were compatible with previ-
ous studies, which indicate that the incidence of ASD is
approximately three times higher in males than in females.19

Neuropsychologic behaviors in ASD are similar despite age
and merging different age groups in studies with this



TaggedEnd Table 3 Comparison of difficulty in obtaining intravenous access between Midazolam group and Midazolam + Ketamine group.

Variable Midazolam group
(h = 32)

Midazolam + ketamine
group (h = 28)

Difference between
percentages (95% CI of
differences)

pb

Ease of obtaininga 0.01
No reaction 1 (3.1%) 7 (25%) �21.9% (�39.0 to +4.7)
Minimal reaction 9 (28.1%) 11 (39.2%) +11.2% (�35.0 to +12.7)
Physical stabilization 19 (59.4%) 5 (17.9%) +41.5% (+19.4 to +63.7)
Pharmacological intervention 3 (9.4%) 5 (17.9%) �8.5% (�25.9 to +8.9)

a Values expressed in absolute numbers and relative frequency (in parentheses).
b Chi-Square test for independence; significance level: p < 0.05

TaggedFigure

Figure 2 Kaplan-Meier survival analysis for wake-up time in
minutes. Midazolam group: continuous line, Midazolam +
Ketamine group: dashed line. Log rank test with p = 0.221. TaggedEnd

TaggedEndH.M. Penna, A.P. Paiva, A.J. Romano et al.
TaggedEndTaggedPpopulation is not uncommon among published papers related
to the matter, since in the real-world scenario a large age
range can be observed in referral services for this condition.
Regarding comorbidities associated with ASD, epilepsy was
present in 33.4% of the participants, which was higher than
the proportion found in a systematic review (12.1%).20 The
prevalence of obesity in the general Brazilian population is
approximately 14% in children and adolescents and 26% in
adults.21 The prevalence in our sample, which included chil-
dren, adolescents and adults, was 26.7%. A meta-analysis on
the association between ASD and obesity showed an Odds
Ratio of 1.84 for the prevalence of obesity in persons with
ASD compared to non-autistic individuals.22 TaggedEnd

TaggedPAlmost four-fifths of our sample (76.6%) used psychotropic
medications, which is higher than the 63.6% reported in a
United States study.23 The ASD severity distribution of our par-
ticipants, according to the American Psychiatric Association,
showed a predominance of level 3 (requires very substantial
support), which comprised more than half of the participants,
followed by level 2 (requires substantial support) in more than
a third. This is to be expected since those patients are more
likely to be referred to a specialized service. A previous study
comparing the necessity of premedication in children with
ASD, found an odds ratio of 2.70 and of 5.50 for this
288
TaggedEndTaggedPintervention when ASD level one was compared to level two
and to level three respectively, which was similar to our
findings.24TaggedEnd

TaggedPA clinical trial in non-autistic children that compared mida-
zolam alone and midazolam plus ketamine at the same doses
used in our study found an anxiolysis rate of 90% in the com-
bined group and 75% with the midazolam group. This study
reported a Ramsay score ≥3 in 70% of the combined group
and less than 60% in the midazolam group.11 Another clinical
trial comparing different doses of midazolam in non-autistic
children found that a dose of 0.5 mg.kg�1 resulted in a seda-
tion level comparable to Ramsay ≥3 in 15% of the sample.25TaggedEnd

TaggedPThe chronic use of psychotropic medications among our
sample, which can alter the functioning of the hepatic cyto-
chrome P450 system,26 as well as the genetic variability of
cytochrome P450,27 specifically CYP2B6 (involved in the
metabolization of ketamine),28 may have influenced the
lower rates of anxiolysis and drowsy or sleeping status in our
study. The difference in rates may be attributed to the use
of racemic ketamine in previous studies, which has greater
bioavailability than oral S(+)-ketamine.17,18,29 TaggedEnd

TaggedPVenous access was a relevant aspect of our trial; in 64.2%
of the combined treatment group and 30.3% of the midazo-
lam group, peripheral venous access did not require physical
stabilization. This difference could be due to the analgesic
properties of ketamine, which acts on NMDA and opioid
receptors.30 A previous publication by Funk et al. used a scale
identical to ours to assess the reaction to venous access11 and
showed better venipuncture scores with midazolam/ketamine
association in pediatric anesthesia among non-autistic chil-
dren, however, topical anesthetic at the puncture site was
used, which may muddle analogies to our study.TaggedEnd

TaggedPThe awakening time analysis with the Kaplan-Meier curve
showed no difference between the groups in the present
study. Previous studies using the same dosages also found no
significant differences between groups.11,31 TaggedEnd

TaggedPThere was a low incidence of agitation, nystagmus, and
sialorrhea in both intervention groups and the rates did not
differ significantly between them in our research. These
results are of an exploratory nature and must be analyzed
with due caution, since the sample size was calculated as a
function of the primary objective; our detection power for
other events is underestimated. We chose to compare only
midazolam and the association of midazolam and ketamine
due to the lower sedation rates reported with ketamine alone
seen in a previous paper,11 which also found higher rates of



TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 283−290
TaggedEndTaggedPnausea, vomiting, and psychomimetic effects in children that
received ketamine alone at a higher dosage (6 mg.kg�1).11TaggedEnd

TaggedPSince no randomized clinical trials have been conducted
on the use of oral midazolam and oral ketamine as preanes-
thetic in autistic persons, our study is both relevant and
unprecedented. Our results can contribute to improve peri-
operative management in this population. Certain limita-
tions are inherent to this study, such as the per-protocol
analysis itself. This type of assessment was used to register
the effectiveness of combined treatment in an ideal situa-
tion due to the scarcity of clinical data in the literature.
Potential exclusion biases could compromise the effective-
ness of the intervention, for which an intention-to-treat
analysis would be more appropriate. Since it is assumed
that ketamine can compromise the individual’s socio-
behavioral aspects beyond the hospitalization period, the
lack of data in this topic could be considered as another
limitation, as well as the non-evaluation of parent’s anxi-
ety, age difference between groups, non-monitoring of neu-
romuscular blockade and anesthesia depth. Also, the
occurrence of adverse events must be seen with caution
due to its inherent exploratory nature, which could lead to
type 2 error related to insufficient detection power. TaggedEnd

TaggedPWe conclude that the association of oral S(+)-ketamine
and midazolam provides higher rates of a satisfactory prean-
esthetic sedation state than oral midazolam alone in
patients with ASD. Combined treatment facilitates periph-
eral venous access without increasing awakening time or the
incidence of adverse events. TaggedEnd
TaggedH1Conflicts of interest TaggedEnd
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Abstract
Introduction:  Increasing  abdominal  pressures  could  affect  pulmonary  compliance  and  cardiac
performance,  a  fact  based  on  which  the  aim  of  the  present  study  to  detect  the  cardiopulmonary
burden of  multiple  retractors  application  during  supine  versus  lateral  abdominal  surgeries.  We
hypothesized  that  surgical  ring  multiple  retractors  application  would  affect  the  pulmonary  and
cardiac functions  during  both  lateral  and  supine  abdominal  surgeries.
Methods:  Prospective  observational  comparative  study  on  forty  surgical  patients  subdivided
into two  groups  twenty  each,  comparing  pulmonary  compliance  and  cardiac  performance
before, during  and  after  retractors  application,  group  (S)  supine  position  cystectomy  surgery,
and group  (L)  lateral  position  nephrectomy  surgery  under  general  anesthesia,  Composite  1ry
outcome;  dynamic  compliance  C-dyn  and  cardiac  index  CI  and  Other  outcome  variables  ICON
cardio-meter  were  also  recorded.
Results:  C-dyn  and  C-stat  were  significantly  decreased  late  during  retractor  application  in  lat-
eral compared  to  supine  surgery  with  significant  decrease  compared  to  basal  values  all  over  the
surgical time.  CI  was  significantly  increased  after  retractor  removal  in  both  of  the  study  groups
compared to  basal  values.  PAWP  was  significantly  increased  in  -lateral  compared  to  supine
surgery -with  significant  increase  compared  to  basal  value  all  over  the  surgical  time  in  both  of
the study  groups.  significant  increase  in  DO2I  compared  to  basal  value  during  both  supine  and
lateral positions.
Conclusion:  Surgical  retraction  results  in  a  short-lived  significant  decreases  in  lung  compli-
ance and  cardiac  output  particularly  during  the  lateral-kidney  position  than  the  supine  position
compliance.
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ntroduction

ormal  pulmonary  compliance  ranging  between
0---100  mL.cm-1 H2O  with  normal  in-between  gradient
early  10  mL.cm-1 H2O.  Increasing  abdominal  pressures
ould  affect  both  dynamic  compliance  (Cdyn)  and  static
ompliance  (Cstat).1

Postoperative  cardiac  and  pulmonary  complications  after
eneral  anesthesia  is  not  uncommon  with  incidence  range
etween  3---7.9%.2,3 The  highest  incidence  is  mostly  reported
n  pulmonary  operations4 in  the  form  of  re-intubation,
ulmonary  failure,  edema,  infection,  and  collapse.  Post-
perative  respiratory  failure  after  abdominal  operations
ncreases  early  perioperative  mortality  by  approximately
0-folds.5 Incriminated  predictors  include  airway  edema,
besity,  tumors,  supine  position,  and  prolonged  surgical
etractors  application.6

Prolonged  application  of  surgical  retractors  has  been
dentified  as  a  risk  factor  for  postoperative  pulmonary
omplication.  It  may  induce  diaphragmatic  cephalic  dis-
lacement  and  chest  wall  restriction  with  subsequent
ompromise  gas  exchange  and  pulmonary  mechanics.6,7

Pulmonary  atelectasis  has  been  identified  as  a  major
ause  of  respiratory  failure.  It  starts  minutes  after  induc-
ion  of  general  anesthesia  due  to  decrease  regional
rans-pulmonary  pressure  in  dependent  lung  areas  and
orsen  by  stress  response  to  surgical  incision.  Decreased
ompliance  in  de-recruited  areas  causes  over-inflation  of
erated  lung  tissue  in  nondependent  areas  associated  with
arger  trans-pulmonary  pressure  (volu-trauma),  cyclic  lung
e-recruitment  causes  low-volume  lung  injury  (atelecto-
rauma),  release  of  local  pro-inflammatory  mediators  from
urgical  incision  stress  response,  tissue  trauma  by  surgi-
al  retractors,  and  infection  contribute  to  pulmonary  injury
bio-trauma).8

It  is  still  unclear  whether  self-retaining  multiple  abdom-
nal  retractors  would  have  an  impact  on  cardiac  and
ulmonary  function  during  lateral  and  supine  surgical  posi-
ions  or  no?  Finding  an  answer  to  this  question  would
lluminate  the  view  for  the  anesthesiologist’s  decision  on
valuating  degree  for  anesthetic  risk,  ventilatory  and  fluid
anagement  during  different  surgical  positions  while  self-

etaining  multiple  abdominal  retractors  are  applied.
We  hypothesized  that  surgical  ring  multiple  retractors

pplication  would  affect  the  pulmonary  and  cardiac  func-
ions  during  both  lateral  and  supine  abdominal  surgeries.

The  study  aimed  to  study  the  changes  in  dynamic  and
tatic  lung  compliance,  cardiac  index  (CI),  PAWP,  oxygen
elivery  (DO2),  and  peripheral  oxygen  saturation  (SpO2)
efore,  during,  and  after  applying  the  surgical  ring  multiple
etractors  in  the  lateral-kidney  and  supine  positions  during
pen  abdominal  surgery  for  nephrectomy  and  cystectomy,
espectively.

ethods

fter  obtaining  approval  from  institutional  research  ethical

ommittee  IRB  code:  R.18.11.337,  clinical  trial  registration
umber  NCT03776292,  this  prospective,  observational,  com-
arative  study  was  carried  on  40  patients  aged  18-65  years.
nformed  consent  was  obtained  from  all  patients.
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Patient  refusal,  body  mass  index  (BMI)  greater  than
5  kg.m-2,  asthma  requiring  bronchodilator  therapy,  chronic
bstructive  pulmonary  disease,  severe  pulmonary  dis-
ase,  hemodynamic  instability  (hypotension  or  tachycardia),
istory  of  congestive  heart  failure,  right  ventricular  dys-
unction,  severe  valvular  heart  disease,  intracardiac  shunts,
ntracranial  hypertension,  cardiac  rhythm  other  than  regular
inus,  severe  chronic  kidney  disease  (glomerular  filtration
ate  <  30  mL.min-1.  1.73  m2),  liver  cirrhosis  (Child  Pugh  class

 or  C),  pregnancy,  previous  thoracic  surgery  (lobectomy,
i-lobectomy,  or  pneumonectomy),  lung  metastatic  surgery,
revious-receiving  chemotherapy,  emergency  surgery,  pre-
perative  need  for  invasive  mechanical  ventilation  were
xcluded  from  the  study.

After  detailed  history  taking  and  physical  examina-
ion,  attaching  all  standard  monitors  (electrocardiogram
CG,  noninvasive  blood  pressure  NIBP,  pulse  oximeter  SaO2,
hen  20  G  intravenous  (IV)  catheter  was  inserted,  fluid
reloading  of  500  ml  Ringers’  solution  and  midazolam  seda-
ion  0.02  mg.kg-1 premedication  during  20  minutes  before
nduction  of  general  anesthesia,  then  the  routine  regional
pidural  analgesia  under  strict  aseptic  conditions  with
5  ml  bolus  of  0.125%  bupivacaine  plus  fentanyl  1  �g.kg-1

via  epidural  catheter  in  cancer  bladder  supine  group
ccording  to  the  local  hospital  policy),  then  the  ICON
oninvasive  thoracic  bioimpedance  cardiometer9 (Osypka
edical  GmbH-IC.IFU/5M-17-010x-B-06/2015-softwere  ver-

ion  3.9.7)  was  attached  by  placement  of  four  skin  sensors
wo  on  the  neck  (Äs̈ensor  5  cm  above  the  left  base  of  the
eck, B̈s̈ensor  on  the  left  base  of  the  neck  and  two  on  the
eft  side  of  the  thorax C̈s̈ensor  at  lower  left  thorax  at  level
f  the  xiphoid  and D̈s̈ensor  on  lower  left  thorax10  cm  below
iphoid  level  allow  for  the  continuous  measurement  of  the
hanges  of  electrical  conductivity  within  the  thorax,  then
he  4  steps  to  measuring  COP:  after  Attaching  electrodes
ress  ‘‘Menu’’  to  access  patient  management  screen,  enter
he  patient’s  height,  weight,  age  then  press  ‘‘Measure’’  to
tart  (the  green  button).

Preoxygenation  utilizing  80%  O2 mask  6---8  L.min-1 then
A  was  induced  using  propofol  1---2  mg.kg-1, and  fentanyl

 �g.kg-1.  Endotracheal  intubation  was  facilitated  using
tracurium  0.5  mg.kg-1 muscle,  the  tracheal  tube  position
as  confirmed  by  detection  of  EtCO2 side  stream  catheter
ith  bilateral  equal  air  entry  chest  auscultation.  Intraoper-
tive  muscle  relaxation  fifth  the  original  muscle  relaxant
olus  dose  increments  of  non-depolarizing  neuromuscular
locking  agents  was  given  at  30-min  intervals  and  when
eeded  until  the  end  of  surgery.  Normothermia  (>  36 ◦C)  was
aintained  by  forced-air  warming  blanket  and  fluid  warming
rior  IV  infusion.

General  anesthesia  was  maintained  using  1  MAC  of
sevoflurane)  in  a  0.4  oxygen-air  mixture.  A  paracetamol

 g  bolus  ±  fentanyl  boluses  of  (30  �g)  was  used  if  additional
nalgesia  was  required  during  the  surgery.

The  patient’s  lungs  were  mechanically  ventilated  with
olume-controlled  mode  of  mechanical  ventilation  with
entilation  parameters  tidal  volume  TV  of  8  mL.kg-1 of
redicted  body  weight  (PBW)  using  the  FLOW-i  C40  anes-

hesia  machine  (serial  no.SN-310412-SN4272-2015-MAQUET
ENTING  GROUP).  The  FiO2 was  set  at  0.4,  Inspiratory

o  expiratory  (I:  E)  ratio  is  set  between  1:2  and  respi-
atory  rate  (RR)  adjusted  to  achieve  an  ETCO2 level  of

2
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5---40  mmHg,  PEEP:  8  cmH2O).  MAQUET  FLOW-i  C40  anes-
hesia  machine  automatically  calculate  the  peak  &  platue
irway  pressures,  the  Cdyn  and  manually  provide  the  Cstat
y  pressing  the  (Cstat)  touch  button  which  open  a  subsidiary
indow  then  press ÏNSPẗouch button  for  5  seconds  and  then
ress  the ËXPẗouch button  for  another  5  seconds  then  the
stat  will  appear  in  a  number  at  its  screen  place  (C  stat).
ulmonary  Compliance  Normal  values  for  both  dynamic
ompliance  (Cdyn)  and  static  compliance  (Cstat)  range  is
0---100  mL.cm-1 H2O.  Equations  for  calculation  of  Cdyn  cal-
ulation  [VT/Paw −  total  PEEP]  and  Cstat  [VT/Pplat −  total
EEP]  a  gradient  >  10  may  be  secondary  to  endotracheal
ube  obstruction,  mucous  plugging,  or  bronchospasm.10

urgical incision site

or  cystectomy  operation,  the  surgical  incision  used  was
idline  suprapubic  incision  with  left  Para-median  extension;

or  nephrectomy  operation  the  surgical  incision  used  was
xtra-pleural  extra-peritoneal  Lumber  incision.

luid therapy and hemodynamic monitoring

reoperative  fasting  replacement  calculation  by  multiply-
ng  maintenance  fluid  requirements  (cc.  h-1)  in  preoperative
asting  hours,  the  maintenance  fluid  requirements  follow  the
/2/1  rule.  Anticipated  surgical  fluid  losses  were  calculated
ccording  to  severe  tissue  trauma  6  cc  kg-1 h-1.

pisodes  of  perioperative

ypotension  is  defined  as  mean  arterial  pressure  (MAP)  less
han  20%  of  the  baseline  value  or  ≤  65  mmHg,  was  man-
ged  by  using  fluid  bolus  of  200  ml  colloid  starch  and  blood
ransfusion  according  to  patient’s  requirements  and  if  no
esponse  bolus  doses  of  ephedrine  5  mg  to  be  giving.  Brady-
ardia  is  defined  as  HR  less  20%  of  the  baseline  value  or  ≤  50
eat/minute  and  to  be  managed  by  atropine  0.5  mg  bolus.

End  of  surgery,  intravenous  muscle  relaxant  rever-
al  drug  neostigmine  0.02  mg.kg-1 combined  with  atropine
.02  mg.kg-1 were  given  to  reverse  relaxant  effect  and  tra-
heal  extubation  after  full  consciousness  and  resuming  full
uscle  power,  normal  the  respiratory  drive  with  effective

idal  volume  and  maintaining  SaO2 ≥  95%.

ample size calculation

his  present  study  sample  size  calculation  was  designed  up
n  a  previous  study11 resulted  in  Cdyn-  mean  &  standard
eviation  of  [66  ±  12  mL.cm-1 H2O  and  53  ±  8  mL.cm-1 H2O
uring  supine  versus  lateral  position  respectively],  yielding
ffect  size  of  1.27,  A  Prior  G-power  analysis  was  done  to  esti-

ate  the  study  sample  size.  Assuming  �  (type  I  error)  =  0.05

nd  �  (type  II  error)  =  0.2  (power  =  80  %),  yielding  a  total  sam-
le  size  of  36  patients  increased  up  to  total  of  40  patients
0  for  each  group  to  compensate  for  the  dropouts.

t
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tatistical analysis

 he  collected  data  was  coded,  processed,  and  analyzed
sing  SPSS  program  statistical  package  version  16  (SPSS,  Inc.,
hicago,  IL,  USA).  Normality  of  distribution  was  tested  by
olmogorov-Smirnov  and  Shapiro  test.  Normally  distributed
umerical  data  was  presented  as  mean  and  standard  devi-
tion  and  their  comparison  in  between  groups  (inter-group)
as  performed  using  Student’s  t-test.  Categorical  data  was
resented  as  frequency  and  percentage  and  compared  using
hi-square  test.  Repeated  measure  analysis  (ANOVA)  was
sed  for  analysis  of  intragroup  data  overtime  compared  to
aseline  value.  Data  was  considered  significant  when  p-
alue  is  <  0.05.

tudy outcomes

rimary  outcome:  Composite  1ry  outcome  Cdyn  and  Cardiac
ndex  (CI).

Secondary  outcome:  Cstat,  peak  airway  pressure  (PAWP)
ardiac  output  (COP),  stroke  volume  (SV)-stroke  volume
ariability  (SVV)-cardiac  performance  index  (CPI),  oxygen
elivery  index  (DIO2).  Noninvasive  intraoperative  hemo-
ynamic  mean  arterial  pressure  (MAP),  heart  rate  (HR),
rterial  oxygen  saturation  (SaO2),  and  end-tidal  Carbon  diox-
de  (EtCO2)].

utcome parameters recording time
pecification

irst  group  of  data  (Baseline  recording  times):  B1,  B2,  B3  (B.
aseline)  recorded  just  after  endotracheal  intubation  and
hen  every  10  minutes.

Second  group  of  data  (During  Retractor  application
ecording  times):  R1,  R2,  R3,  R4,  R5,  R6  (R,  retractor)
ecorded  every  10  minutes  in  Group  (S)  after  Dennis  Brown
ing  retractor  and  after  self-retaining  Finochietto  abdominal
etractor  application  in  Group  (L).

Third  group  of  data  (post-retractor  removal  recording
imes):  NR  1,  NR2,  NR3  (NR,  non-retractor)  recorded  every
0  minutes  after  retractors  removal.

esults

atient  demographic  variables  such  as  gender,  weight,
ength,  BMI  were  non-significant,  except  for  the  patient  age,
hich  was  significantly  decreased  in  lateral  nephrectomy
ompared  to  supine  cystectomy  group  within  the  study  age
redefined  range  (Table1).

The  two  groups  had  similar  changes  in  the  Cdyn  and
ardiac  output.  Compared  to  baseline  values,  there  was  a
tatistically  significant  increase  in  CI  in  both  of  the  study
ositions  (Table  2).  Compared  with  the  lateral  position,  the
dyn  was  statistically  significant  lower  after  retractor  appli-
ation  in  the  supine  position  at  R5&R6  time  periods  (p  =
.043  and  p  =  0.024,  respectively),  these  changes  were  sta-

istically  significant  less  than  the  baseline  values  in  both  of
he  study  positions  (Table  3).

As  regard  the  COP;  Compared  to  supine  position  the
ateral  position  was  statistically  significant  lower  after

3
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Table  1  Patient  demographic  data.

Group  S  Group  L  p  value

Age  (years)  57.5  ±  10.7  46.3  ±  9.9a 0.02
Gender (male/female)  17/3  11/9  0.82
Weight (Kg) 87.7  ±  8.7 79.4  ±  7.6  0.556
Length (cm)  171.7  ±  8.2  168  ±  8.8  0.176
BMI 29.9  ±  3.1  28.3  ±  3.7  0.161

This table shows patient demographic data represented in mean and standard deviation except gender in number ratio.
Group S, supine position group; Group L, lateral position group; BMI, body mass index; kg, kilogram; cm, centimeter. test was used for
continuous parametric data statistical analysis which are represented in mean and slandered deviation. Chi-square test was used for
categorical data.
Data was significant (a) when p value < 0.05.

a Age was significantly decreased in Lateral nephrectomy compared to supine cystectomy group.

Table  2  COP&  CI  variables  comparison  between  groups.

COP  CI

Group  S  Group  L  P  value  Group  S  Group  L  P  value

B1  5.8  ±  1.6 †5.2  ±  1.2  0.167 †3.2  ±  0.74 †2.8  ±  0.6  0.04
B2 †6  ±  1.6 †5.5  ±  1.6  0.348 †3.2  ±  0.67 †3.2  ±  0.67  0.346
B3 †6.1  ±  1.9 †5.7  ±  1.6  0.458 †3.5  ±  1 †3  ±  0.95  0.02
R1 †6  ±  1.9 †5.5  ±  1.7  0.363 †3.5  ±  1.1 †3.1  ±  0.95  0.276
R2 †6.3  ±  1.9 †5.4  ±  1.8  0.148 †3.6  ±  1.1 †3  ±  0.96  0.124
R3 †6.3  ±  1.9 †5.4  ±  1.5  0.113 †3.6  ±  1 †3.1  ±  0.86  0.095
R4 †6.6  ±  1.8 †5.5  ±  1.6*  0.05 †3.8  ±  1.1 †3.3  ±  0.79  0.076
R5 †6.7  ±  1.9  5.4  ±  1.5*  0.024 †3.5  ±  1 †3.1  ±  0.73  0.162
R6 †6.7  ±  1.9 †5.4  ±  1.4*  0.018 †3.6  ±  0.87 †3.1  ±  0.75  0.067
NR1 †7.6  ±  2 †5.9  ±  1.4*  0.004 †4  ±  1 †3.4  ±  0.79  0.051
NR2 †7.7  ±  1.8 †6.3  ±  1.7*  0.003 †4.2  ±  1 †3.5  ±  0.78  0.015
NR3 †7.7  ±  1.8 †6.3  ±  1.7*  0.014 †4.2  ±  1 †3.7  ±  0.9  0.122
ANOVA
D f 3.4  3.529  3.176  3.496
F 8.26  3.865  5.051  5.883
P. value  ≤0.001  0.009  0.003  0.001

This table shows; (*) Significant decrease in COP in group L compared to group S at R4 to NR3 reading, Significant decrease in CI at B3 and
NR2 readings only in group L compared to group S. (†) Intragroup data showed significant increase of both COP and CI compared to the
basal value overtime. Group S, supine position group; Group L, Lateral position group; B, basal reading: B1, B2, B3 recorded just after
endotracheal intubation (B1) and then every 10 minutes (B2 & B3); R, during retractor application reading; NR, non-retractor = reading
after retractor removal; COP, cardiac output; CI, cardiac index; ANOVA, Analysis of variance. T test was used for continuous parametric
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data statistical analysis which are represented in mean and sland
compared to basal value. (*) & (†) data was significant with p value

etractor  application  at  R5&R6  time  records  (p  =  0.024
nd  p  =  0.018,  respectively)  and  after  retractor  removal
t  NR  1,  NR2,  NR3  time  records  (p  =  0.004,  p  =  0.003, p

 0.014,  respectively)  these  changes  were  statistically  sig-
ificant  less  than  the  baseline  values  in  both  of  the  study
ositions  (Table  3).

Compared  to  the  supine  position,  the  Cstat  decreased
ignificantly  following  application  of  the  retractor  in  the
ateral  position  at  R5  and  R6  time  periods  (p  =  0.01  and

 =  0.001,  respectively).  Compared  the  baseline  values,  the
wo  groups  showed  statistically  significant  decrease  in  Cstat
nd  increase  in  PAWP  over  the  study  time  periods,  PAWP
howed  statistically  significant  increase  during  most  of  the

tudy  time  periods  in  the  lateral  position  than  during  supine
osition  (Table  3).

g
n
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deviation. ANOVA test was used for analysis of intragroupal data
5.

The  changes  in  MAP  and  HR  were  similar  in  both  of  the
tudy  groups  (Fig.  1),  CPI  was  Significantly  decreased  in
roup  L  compared  to  group  S  at  all  the  study  reading  records
xcept  at  B2,  R1  and  NR1  (Fig.  2),  DO2I  similar  in  both  study
roups  (Fig.  3),  SaO2 was  statistically  significant  lower  during
ateral  versus  supine  positions  from  R2  to  NR1  time  periods,
tCo2  was  similar  in  both  of  the  study  groups  (Fig.  4),  and
VV  was  similar  in  both  study  groups  (Fig.  5).

As  regard  the  study  flowchart;  fifty  patients  were
nrolled,  10  patients  were  excluded  didn’t  met  inclusion
riteria,  consequent  patient  selection  of  the  remaining  40
atients  undergoing  cystectomy  or  nephrectomy  and  then
llocated  into  two  equal  groups  each  of  20  patients.  supine

roup  (S)  underwent  radical  cystectomy  and  orthotopic  uri-
ary  diversion  in  supine  position,  while  the  lateral  group

4
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Table  3  Pulmonary  variables;  (Inter-group  and  intra-group  comparison).

PAWP  Dynamic  Comp.  Static  Comp.

Group  S  Group  L  P  value  Group  S  Group  L  P  value  Group  S  Group  L  P  value

B1  16.53  ±  3.641.6  18.95  ±  2.1*  0.032  58.74  ±  16.23  61.99  ±  16  0.4  69  ±  17.8  65.2  ±  15.4  0.508
B2 #17.58  ±  3.59  #19.4  ±  1.8  0.097  #56.79  ±  13.9  #60.3  ±  14.47  0.342  #65.9  ±  14.5  #62.6  ±  16.4  0.502
B3 #17.53  ±  2.94  #19.9  ±  2.2*  0.013  #53.63  ±  12.7  #57.3  ±  12.1  0.269  #60.6  ±  15.2  #60.6  ±  16.4  0.826
R1 #20.11  ±  3.2  #21.8  ±  2.9  0.068  #45.21  ±  9.2  #49  ±  11.95  0.293  #51.1  ±  12.9  #48.5  ±  9  0.320
R2 #20.79  ±  2.96  #22.5  ±  3.2  0.072  #44.6  ±  11  #45.8  ±  11.4  0.853  49.7  ±  12.4#  #47.8  ±  11.8  0.731
R3 #20.68  ±  3.1  23.4  ±  1.8*#  0.001  #44.68  ±  10.8  #43.7  ±  8.15  0.637  51.2  ±  12.8#  #45.6  ±  9  0.168
R4 #20.21  ±  2.62  #24  ±  1.86*  0.000  #45.42  ±  9.63  #42.3  ±  8  0.216  50  ±  11.5#  #44.4  ±  8.7  0.098
R5 #20.95  ±  3.29  #24.3  ±  1.4*  0.000  #45.4  ±  10  #40.5  ±  6.6†  0.043  49.5  ±  10.3#  #42.3  ±  7  0.01
R6 #20.79  ±  3.5  #24.45  ±  1.3*  0.000  #44.8  ±  8  #39.9  ±  6.2†  0.024  50.6  ±  10.8#  #41.4  ±  5.5  0.001
NR1 #17.42  ±  3.37  #20.7  ±  3*  0.003  #50.8  ±  9  #51.4  ±  12.8  0.932  58.3  ±  14#  #52.2  ±  14.9  0.148
NR2 #17.74  ±  2.74  #20.65  ±  1.7*  0.000  #53.7  ±  10  #53.6  ±  12.3  0.764  65.1  ±  15.1#  #56.4  ±  13  0.061
NR3 #17.1  ±  2.6  #20.2  ±  1.8*  0.000  #57  ±  9.9  #56.7  ±  14.9  0.709  62.9  ±  10.7#  #58.7  ±  11.1  0.165
ANOVA
D f  3.063  4.286  3.421  4.129  3.384  4.222
F 11.384  30.533  21.878  21.878  13.366  23.240
P value  ≤0.001  ≤0.001  ≤0.001  ≤0.001  ≤0.001  ≤0.001

This table shows (*) significant increase in PAWP in group L compared to group S at most of the study timed records except at B2, R1 and R2. As regard C-dyn and C-stat there were
significant decrease (†) in group L compared to group S only late after retractor application at R5-R6 records. (#) Intragroup data showed significant increase of PAEP, C-dyn., and C-stat
compared to the basal value overtime. B, basal reading: B1, B2, B3 recorded just after endotracheal intubation (B1) and then every 10 minutes (B2 & B3); R, during retractor reading;
NR, non-retractor reading after retractor removal; PAWP, Peak airway pressure; C-dyn, Dynamic compliance; C-stat, Static Compliance. T test was  used for continuous parametric data
statistical analysis which are represented in mean and slandered deviation, ANOVA with repeated measures was used for analysis of variance. Data was significant; (*) (†) (#) when p value
< 0.05.
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Figure  1  Stroke  volume,  Noninvasive  mean  arterial  blood  pressure,  and  Heart  rate  comparison  in  between  groups.
This figure  shows  *  Significant  decrease  in  the  SV  in  group  L  compared  to  group  S  only  at  B1  (69.1  ±  10.4)  Vs  (77.6  ±  14.2)  with  p
value of  0.037  and  R2  73.2  ±  14.4  Vs  83.9  ±  17  with  p  value  of  0.048  respectively.  No  significant  difference  as  regard  MAP  and  HR  in
Group L  compared  to  group  S.  T  test  was  used  for  continuous  parametric  data  statistical  analysis  represented  in  mean  and  standard
deviation, and  significant  data  only  when  p  value  is  <  0.05.
B, baseline  reading  before  retractor  application  recorded  just  after  endotracheal  intubation  (B1)  and  then  every  10  minutes  (B2  &
B3)], R  (reading  during  retractor  reading),  NR  (non-retractor  =  reading  after  retractor  removal),  SV  (stroke  volume),  MAP  (noninvasive
m
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ean arterial  blood  pressure),  HR  (heart  rate).

L)  underwent  open  nephrectomy  in  lateral  kidney  position
nder  general  anesthesia  GA  (Fig.  6).

iscussion

e  reported  no  statistical  important  differences  between
he  two  surgical  approaches  before  and  after  applying  the
urgical  retractor  in  terms  of  compliance  and  hemodynamic
hanges.  However,  compared  with  the  lateral  kidney  posi-
ion,  the  supine  position  is  associated  with  favorable  higher
dyn,  Cstat,  and  SaO2 and  less  increase  in  PAWP  values.

Abdominal  self-retaining  retractors  application  depres-
ive  effect  on  the  pulmonary  compliance6,7 can  explain
ur  results  that  both  Cdyn  and  Cstat  statistical  significant
ecrease  together  with  statistically  significant  increase  in
he  PAWP  compared  to  baseline  value  all  over  the  study
ime  (Table  3),  despite  no  significant  intergroup  difference
etween  lateral  and  supine  positions  as  regard  Cdyn  and
stat,  hence  the  opinion  that  only  changing  the  position
rom  supine  to  lateral  even  to  lateral  kidney  position  is  the
ause  of  the  pulmonary  compliance  reduction  during  abdom-
nal  surgery  is  of  no  value  as  it  ignores  the  mechanical  effect

f  abdominal  self-retaining  retractors  application  later.

Our  findings  are  similar  to  Thomas  et  al.  (2007)12

nd  Mehdi  (2018)13 who  reported  statistically  significant
ecreases  in  lung  compliance  in  the  lateral  position  than

m

v
w

29
uring  the  supine  position.  That  is  attributed  to  concomitant
ncreases  in  airway  pressures.  On  the  other  hand,  retractors
pplication  during  supine  position  is  of  less  burden  on  oxy-
en  delivery  than  during  the  lateral  position.  Additionally,
e  reported  statistically  higher  cardiac  output  values  after
pplying  retractor  in  supine  position  than  the  lateral  posi-
ion  which  could  be  explained  with  the  concomitant  changes
n  PAWP;  a  result  in  line  with  Raid  et  al  (2018)14 who  found
hat  lateral  position  was  associated  with  an  immediate  rise
n  peak  airway  pressure  as  a  result  of  increased  airway  resis-
ance  by  2  cm  H2O.L-1.s-1 and  in  chest  wall  and  lung  elastance
y  3  and  2  cm  H2O.L-1, respectively.

These  changes  between  the  two  surgical  positions  were
ransient  and  returned  to  normal  after  removal  of  the
etractor.  Similarly,  Yokoyama  et  al  (2000)15 reported  a  sig-
ificant  decreases  in  COP  by  20%  with  changing  the  position
rom  the  supine  to  the  lateral  position  (p  <  0.01).  These
hanges  were  related  to  the  increase  in  systemic  vascu-
ar  resistance  and  reduced  venous  return.  In  our  study,  we
id  not  measure  these  parameters  because  of  local  insti-
utional  policy  for  not  using  invasive  pressure  monitoring
uring  these  surgical  procedures  except  in  patients  with

ultiple  comorbidities,  who  were  excluded  from  this  study.
Hemodynamically,  both  CI  &  COP  showed  significant  ele-

ation  after  retractor  removal  compared  to  baseline  values
hich  could  be  attributed  to  improvement  of  venous  return.
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Figure  2  Cardiac  performance  index  comparison  in  between  groups.
This figure  shows  *  Significant  decrease  in  CPI  in  group  L  compared  to  group  S  at  all  the  study  reading  records  except  at  B2,  R1  and
NR1. T  test  was  used  for  continuous  parametric  data  statistical  analysis  which  are  represented  in  mean  and  slandered  deviation,
and significant  data  only  when  p  value  is  <  0.05.  Abbreviations.
B, baseline  reading  before  retractor  application  recorded  just  after  endotracheal  intubation  (B1)  and  then  every  10  minutes  (B2
& B3)]  group  L  (Lateral  position  group),  group  S  (Supine  position  group)  B  (basal  reading),  R  (during  retractor  reading),  NR  (non-
retractor =  reading  after  retractor  removal),  CPI  =  (cardiac  performance  index).

Figure  3  Oxygen  delivery  index  comparison  in  between  groups.
This figure  shows  no  significant  difference  in  DO2I  in  between  Group  L  compared  to  group  S  before,  during  and  after  retractor
application. T  test  was  used  for  continuous  parametric  data  statistical  analysis  represented  in  mean  and  slandered  deviation,
ANOVA analysis  of  data  revealed  significant  increase  in  DO2I  compared  to  basal  value  during  both  supine  and  lateral  positions  (DF,
F, p  value  was  2.862,  4.154,  0.011  and  3.980,  2.735,  0.035  respectively).  Significant  data  only  when  p  value  is  <0.05.
B, baseline  reading  before  retractor  application  recorded  just  after  endotracheal  intubation  (B1)  and  then  every  10  minutes  (B2
& g  aft
g volum

D
c
i
t

 B3)],  R  (during  retractor  reading),  NR  (non-retractor  =  readin
roup), group  S  (Supine  position  cystectomy  group),  SV  (stroke  
uring  abdominal  retraction  as  it  retracts  the  abdominal  vis-
era  against  the  abdominal  wall  sides  cephalad  compressing
ndirectly  the  diaphragm,  the  base  of  the  lungs  and  increases
he  intrathoracic  and  PAW  pressure  leading  to  reduction  of

t
Y
s
r

29
er  retractor  removal),  group  L  (Lateral  position  nephrectomy
e),  and  DO2I  =  (oxygen  delivery  index).
he  venous  return  to  the  heart.  In  opposition  to  our  results
okoyama  et  al  (2000)15 found  that  position  change  from
upine  position  to  lateral  position  only  without  application  of
ing  abdominal  retractors  has  its  great  hemodynamic  burden
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Figure  4  Arterial  Oxygen  saturation,  End  tidal  carbon  dioxide  comparison  in  between  groups.
This figure  shows  statistical  not  clinical  *  Significant  decrease  in  SaO2 during  lateral  versus  supine  positions  from  R2  till  NR1  reading
records [R2  (98.5  ±  1.3  Vs  99.5  ±  0.9  p  value0.037),  R3  (98.5  ±  1.3  Vs  99.5  ±  0.9  p  value  0.005),  R4  (98.4  ±  1.8  Vs  99.3  ±  0.9  p  value
0.005), R5  (98  ±  2  Vs  99.4  ±  1  p  value  0.005),  R6  (99.3  ±  1.5  Vs  99.6  ±  0.6  p  value  0.001),  NR1  (99.2  ±  1.4  Vs  99.7  ±  0.7  p  value  0.026)
respectively],  with  no  significant  difference  in  between  both  of  the  study  groups  as  regard  EtCO2.  T  test  was  used  for  continuous
parametric  data  statistical  analysis  represented  in  mean  and  slandered  deviation,  and  significant  data  only  when  p  value  is  ≤  0.05.  B
(basal reading),  R  (during  retractor  reading),  NR  (non-retractor  =  reading  after  retractor  removal),  SaO2 (arterial  Oxygen  saturation),
EtCO2 (end  tidal  carbon  dioxide).  B,  baseline  reading  before  retractor  application  recorded  just  after  endotracheal  intubation  (B1)
and then  every  10  minutes  (B2  &  B3)],  Group  L  (Lateral  position  nephrectomy  group),  group  S  (Supine  position  cystectomy  group),  B
(basal reading),  R  (during  retractor  reading),  NR  (non-retractor  =  reading  after  retractor  removal),  SV  (stroke  volume),  EtCo2  (end
t ation
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idal carbon  dioxide  tension),  and  SaO2 =  (arterial  oxygen  satur

uch  as  significant  reductions  occurred  in  the  MAP  with  sig-
ificant  reductions  in  cardiac  index  [from  3.04  (0.21)  to  2.44
0.26)  liter.  min---1.  m---2,  p  <  0.01]  and  stroke  volume  index
from  40  (5)  to  31  (5)  mL.beat---1.  m---2,  p  <  0.01].

Yokoyama  et  al.  (2000)15 only  explained  our  result  that
OP  was  probably  reduced  by  a  decrease  in  venous  return
nd  an  increase  in  systemic  vascular  resistance  which  is
rite,  but  from  our  present  study  results;  we  totally  oppose

okoyama  and  colleagues,  as  our  COP  three  baseline  val-
es  and  even  during  retractor  application  1st four  successive
OP  readings,  there  were  no  significant  difference  between
upine  and  lateral  kidney  position  except  late  after  retrac-
or  application  (R5,  R6  p  =  0.024,  p  =  0.018,  respectively),
his  documented  that  the  significant  decrease  in  COP  in
ateral  position  compared  to  supine  position  occurred  (in
oth  Yokoyama  and  our  present  study)  was  attributed  to  the
elf-retaining  retractors  application  effect  and  not  a  posi-
ion  induced  physiological  change,  as  if  it  is  a  physiological
hange;  it  would  happen  from  the  start  of  position  change

ot  late  after  retractors  application.

As  regard  the  CI  also  the  same  explanation  it  was  increase
ompared  to  baseline  value  even  more  after  retractors
emoval  (due  to  venous  return  improvement  after  retractors

s
p
s

29
).

emoval)  with  transient  reduction  during  B3&NR2  in  lateral
ompared  to  supine  position  which  could  be  due  to  the  pres-
nce  of  retractors  an  explanation  not  totally  convincing  as
he  CI  reduction  in  this  present  study  was  transient  and
estricted  only  to  2  of  12  readings  records  and  if  it  was  due
o  position  change  as  Yokoyama  et  al.  (2000)15 explained  in
is  study  it  must  happen  early  after  attaining  lateral  kidney
osition  not  in  a  sporadic  transient  manner  happened  in  this
resent  study.

This  present  study  hemodynamic  results  showed  no  sig-
ificant  difference  in  between  both  study  groups  as  regard
AP  &  HR  (Fig.  1)  and  SVV  (Fig.  5).  In  opposition  to  our
resent  study  hemodynamic  results;  Yokoyama  et  al  (2000)15

ound  significant  reductions  occurred  in  the  mean  arterial
lood  pressure  and  attributed  it  to  the  decrease  in  venous
eturn,  but  Nakayama  and  colleagues  (2015)16 concluded
hat  hypotension  could  be  attributed  to  the  use  of  abdominal
ing  wound  retractor  in  lower  abdominal  surgery.

In  conclusion,  surgical  retraction  results  in  a  short-lived

ignificant  decrease  in  lung  compliance  and  cardiac  out-
ut  particularly  during  the  lateral-kidney  position  than  the
upine  position  compliance.
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Figure  5  Stroke  volume  variability  comparison  in  between  groups.
This figure  shows  no  significant  difference  in  between  ring  self-retaining  multiple  blade  retractor  application  during  supine  versus
lateral positions  as  regard  SVV.  T  test  was  used  for  continuous  parametric  data  statistical  analysis  represented  in  mean  and  slandered
deviation, and  significant  data  only  when  p  value  is  <  0.05.
B, baseline  reading  before  retractor  application  recorded  just  after  endotracheal  intubation  (B1)  and  then  every  10  minutes  (B2  &
B3)], R  (during  retractor  readings),  NR  (non-retractor  =  readings  after  retractor  removal),  SVV  (stroke  volume  variability),  Group  L
(Lateral position  group)  group  S  (Supine  position  group).

Figure  6  Study  flowchart.
This  figure  represent  the  study  flowchart  50  patient  enrolled,  10  patients  were  excluded  10  not  meeting  inclusion  criteria,  remaining
total number  of  40  patients  were  selected  Consequently  patients  undergoing  Cystectomy  or  nephrectomy,  20  patients  were  allocated
and analyzed  in  each  group.
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imitations

ur  study  has  several  limitations.  First  of  note,  we  studied
wo  different  surgical  procedures  (cystectomy  and  nephrec-
omy)  which  might  have  non-comparable  conditions  like  the
ifferent  type  and  extent  of  the  surgical  incision  and  dura-
ion  of  surgical  procedures.  Future  cross-sectional  study
ncluding  more  patients  relaying  on  more  similar  surgical
rocedures  are  needed.  Second,  the  European  and  North
merican  recommendations  for  routine  perioperative  moni-
oring  including  objective  monitoring  of  the  neuromuscular
lock.  Unfortunately,  these  monitors  were  not  available  at
ur  hospital  during  the  time  of  the  study.  The  non-use  of
euromuscular  blocking  monitoring  to  guide  administering
tracurium  might  raise  concerns  regarding  the  reliability
f  changes  in  lung  compliance  reported  in  case  of  inad-
quate  depth  of  neuro-monitoring  blockade.  However,  in
he  present  study,  atracurium  was  administered  as  much  as
eeded  with  a  maximum  duration  of  30  minutes  based  on  the
iscretion  of  the  experienced  anesthesiologists)  >15  years’
xperience).  Third,  the  use  of  invasive  monitoring  for  blood
ressure  and  central  venous  pressures  would  be  more  reli-
ble  than  using  the  noninvasive  blood  pressure  monitoring.
owever,  our  local  hospital  policy  does  not  allow  using  inva-
ive  pressure  monitoring  except  in  patients  with  multiple
omorbidities,  who  were  excluded  from  this  study.
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Abstract  Aspiration  of  gastric  contents  during  induction  of  general  anesthesia  remains  a  signifi-
cant cause  of  mortality  and  morbidity  in  anesthesia.  Recent  data  show  that  pulmonary  aspiration
still accounts  for  many  cases  with  implications  on  mortality  despite  technical  and  technological
evolution.  Practical,  ethical,  and  methodological  issues  prevent  high-quality  research  in  the
setting of  aspiration  and  rapid  sequence  induction/intubation,  and  significant  controversy  is
ongoing. Patients’  position,  drugs  choice,  dosing  and  timing,  use  of  cricoid  force,  and  a  reliable
risk assessment  are  widely  debated  with  significant  questions  still  unanswered.  We  focus  our
discussion  on  three  approaches  to  promote  a  better  understanding  of  rapid  sequence  induc-
tion/intubation  and  airway  management  decision-making.  Firstly,  we  review  how  we  can  use
qualitative  and  quantitative  assessment  of  fasting  status  and  gastric  content  with  the  point-
of-care ultrasound  as  an  integral  part  of  preoperative  evaluation  and  planning.  Secondly,  we
propose using  imaging-based  mathematical  models  to  study  different  patient  positions  and
aspiration mechanisms,  including  identifying  aspiration  triggers.  Thirdly,  we  promote  the  devel-
opment of  a  global  data  collection  system  aiming  to  obtain  precise  epidemiological  data.
Therefore,  we  fill  the  gap  between  evidence-based  medicine  and  experts’  opinion  through
easily accessible  and  diffused  computer-based  databases.  A  better  understanding  of  aspira-
tion epidemiology  obtained  through  focused  global  data  gathering  systems,  the  widespread  use
of ultrasound-based  prandial  status  evaluation,  and  development  of  advanced  mathematical
models might  potentially  guide  safer  airway  management  decision  making  in  the  21st century.
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oon  after  Mendelson  described  aspiration  pneumonia,  a
tudy  of  1,000  anesthesia-related  deaths  revealed  regur-
itation  and  vomiting  as  the  leading  cause  of  death  due
o  anaesthesia.1 In  the  1960s,  anesthesiologists  developed
mproved  airway  management  techniques,  including  cricoid
orce  and  rapid  sequence  induction/intubation  (RSI)  for
igh-risk  patients.  Since  then,  there  has  been  a  decline
n  pulmonary  aspiration  incidence.2,3 More  recently,  data
rom  the  UK  National  Audit  Project  4  showed  that  aspira-
ion  remains  the  single  most  common  cause  of  death  related
o  airway  management,  where  for  34  reported  cases,  11
esulted  in  death  or  brain  damage.4

With  its  reported  incidence  of  2---7  per  20,000  anesthetic
ases,  each  anesthetist  should  experience  4---14  pulmonary
spiration  events  in  their  career,  depending  on  the  area
f  work  and  number  of  emergency  cases.4,5 In  emergency
urgery,  this  complication’s  incidence  increases  to  0.5%,
rovided  that  anesthetic  induction  occurs  in  the  operating
oom’s  controlled  environment.2 There  is  a  further  increase
o  2.7%  for  in-hospital  emergency  cases  outside  the  operat-
ng  room.6 We  believe  that  the  following  three  approaches
hould  lead  to  a  further  decrease  in  pulmonary  aspiration
ncidence  in  the  21st  century:  ultrasound,  mathematics,  and
lobal  data  collection.

ulmonary aspiration risk assessment: is
ltrasound the answer to our prayers?

or  each  anesthesia  case,  examination  includes  an  aspira-
ion  risk  assessment.  If  compliant  with  the  official  fasting
imes,7,8 the  elective  and  ‘‘healthy’’  surgery  patients  usu-
lly  have  an  uneventful  anesthesia,  but  what  about  those
ith  concomitant  risk  factors  for  pulmonary  aspiration?
oreover,  what  about  the  significant  proportion  (up  to  35%)
f  fasted  patients,  who  have  a  full  stomach  on  gastric  ultra-
ound,  despite  fasting  for  a  minimum  of  6  hours  (median  of
6  h)?9 How  many  of  risk  factors  are  needed,  and  what  is
heir  relative  weight  in  a  particular  patient?

New  antidiabetics  can  add  another  coefficient  to  the  pul-
onary  risk  assessment  equation:  GLP-1  receptor  agonists

ike  exenatide  or  liraglutide  increase  glucose-stimulated
nsulin  secretion,  suppress  glucagon,  and  slow  gastric
mptying.10 While  gastroparesis  is  already  a  feature  of
dvanced  Diabetes  Mellitus,  these  agents  may  slow  gas-
ric  emptying  further.11 Therefore,  it  seems  reasonable  to
xpect  an  increased  risk  of  aspiration  with  the  use  of  these
gents,  particularly  in  diabetic  patients  with  known  periph-
ral  neuropathy  and  gastroparesis.

Point-of-care  ultrasound  might  be  a  potential  solution
o  this  conundrum.  With  gastric  ultrasound  (GUS),  we  can
etermine  the  patients’  gastric  content  in  at  least  85%  of
bstetric,  90%  pediatric,  and  95%  of  other  patients.12,13

espite  some  limitations  of  GUS,  the  first  being  opera-
or  dependency,12 it  represents  one  of  the  most  objective

ools  for  routine  aspiration  risk  assessment  for  many  semi-
mergency  patients.  With  GUS  we  can  assess  the  aspiration
isk  better  than  ever  before,  not  underestimating  the  oppor-
unity  to  expand  our  airway  examination  and  assessment14
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o  tailor  the  anesthetic  plan  and  provide  safer  and  more
ptimal  anesthesia  care.

If  the  stomach  is  empty,  we  should  be  able  to  proceed
afely  with  any  airway  management  approach.  However,  one
hould  use  the  correct  patient  position  for  scanning:  45◦

ead  up  right  lateral  position.  In  obstetric  patients,  this
osition  was  superior  to  supine  45◦ head-up  position,  as
0%  of  images  that  indicated  an  empty  antrum  turned  out
o  be  incorrect  in  the  right  lateral  position.12 If  adequate
ositioning  is  not  possible,  the  ultrasound  interpretation
s  no  longer  reliable.  We  should  be  aware  of  such  poten-
ial  false-negative  examinations.  Thus,  appropriate  patient
ositioning  is  imperative.

If  there  is  food  in  the  stomach,  then  surgery  should  be
ostponed,  if  feasible.  Currently,  interpretation  of  the  pres-
nce  of  liquid  in  the  stomach  is  the  most  difficult.  The
roposed  cut-off  was  set  at  1.5  mg  kg-1,  although  it  is  also
ard  to  ascertain  which  volume  poses  an  increased  risk.15

ll  in  all,  gastric  ultrasound  might  also  lead  to  safer  pedi-
tric  anesthesia,  as  its  use  increases  the  50:50  chance  of
orrect  clinical  decision-making  to  an  85%  correct  choice  of
he  appropriate  induction  technique.13

However,  the  major  limitation  remains  that  the  gastric
ontent’s  ultrasound  findings  do  not  directly  correlate  with
ulmonary  aspiration,12 and  studies  addressing  this  issue
ould  be  ethically  questionable  to  perform.  Additionally,
nly  circa  10%  of  anesthesiologists  globally  are  currently
rained  in  GUS.16

atient positioning for  the RSI: the Holy Grail
f controversies?

econdly,  we  would  like  to  emphasize  an  area  of  RSI  contro-
ersy  that  needs  to  be  addressed  by  advanced  mathematical
odelling:  patient  positioning  during  RSI.  Three  leading
atient  positions  are  generally  considered:  head  up  (reverse
rendelenburg);  horizontal-supine,  and  head  down  (Tren-
elenburg).  The  first  position  advocates  many  benefits,
ncluding  better  preoxygenation  conditions,  better  intuba-
ion  conditions,  and  less  chance  of  regurgitation.  However,
f/when  regurgitation  occurs,  then  material  empties  into  the
ungs  by  gravity.  One  of  the  treatments,  in  this  case,  is  to
urn  the  patient  head  down,3,17 which  in  a  controlled  set-
ing  would  require  at  least  20  seconds  (depending  on  the
echnical  characteristics  of  the  operating  table  and  human
actors).  Those  who  prefer  the  head  down  position  need  to
cknowledge  the  worse  intubation  conditions,  worse  pre-
xygenation  (unless  the  patient  is  first  preoxygenated  in
ead-up  position  and  then  turned  head  down  anesthetic
nduction),  and  a  higher  chance  of  regurgitation.  But  if
egurgitation  occurs,  the  material  empties  of  the  mouth  and
he  nose.  Studies  show  that  the  head-down  position  does  not
lter  the  pressure  in  the  lower  esophageal  sphincter  tone,
ence  questioning  whether  this  position  would  increase  the
ikelihood  of  regurgitation.18

At  present,  there  is  no  good  evidence  in  support  of  either
osition,  except  for  expert  opinion  or  in  specific  popula-

ions  ---  such  as  obese  patients  ---  where  advantages  of  the
ead-up  position  seem  to  overweight  the  risks  and  bene-
ts  of  alternative  positions.19 We  need  to  ascertain  whether
hese  assumptions  are  correct,  as  well  as  investigating  the
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onditions  under  which  the  gastric  contents  would  enter  the
ungs  in  the  head-down  position.  Some  steps  in  this  direc-
ion  have  been  taken,  when  a  group  used  the  simulation
anikin  to  establish  the  times  to  intubation  and  the  volume

f  aspiration  in  different  patient  positions.20 It  would  also
e  clinically  interesting  to  determine  how  much  time  passes
rom  when  the  gastric  contents’  entrance  into  the  esophagus
ntil  aspiration,  for  different  patient  positions.  We  suggest
uilding  a  clinically  relevant  computer-tomography  derived
natomical  model  and  developing  numerical  mathematical
odelling  of  aspiration.  By  being  based  on  anatomical  data

rom  a  variety  of  patients,  such  a  model  could  also  test  the
oundary/trigger  conditions  needed  for  pulmonary  aspira-
ion  to  occur,  i.e.,  the  volume  and  nature  of  gastric  contents,
he  pressure  gradients,  etc.  A  similar  model  could  also  be
sed  to  assess  the  still  largely  debated  application  of  cricoid
orce  during  RSI  with  consistent  cost-benefit  analysis,  ideally
ith  cadaveric  and  live  animal  validation  experiments.

lobal database reporting system: evidence
athering solution?

he  third  action  to  further  decrease  pulmonary  aspiration
ncidence  is  the  establishment  of  a  global  data  reporting
ystem.  Through  a  webpage  and  a  mobile  device  appli-
ation,  an  anonymous  collection  of  aspiration  events  can
uide  reports  and  focus  on  ongoing  controversies.  This  way,
e  might  obtain  the  relevant  data  in  a  few  years,  as  the
nnual  worldwide  incidence  of  pulmonary  aspiration  is  in
he  order  of  thousands.  By  examining  the  data  from  2012,
hen  the  annual  number  of  surgeries  delivered  worldwide
as  estimated  as  313  million,  we  can  calculate  the  annual
lobal  incidence  of  pulmonary  aspiration  at  least  110,000
ases.21 The  number  is  probably  even  higher  now,  as  the
requency  of  surgical  procedures  and  anesthesia  care  has
gain  increased  over  the  last  8  years.  The  ability  to  gather
nd  analyze  hundreds  or  possibly  thousands  of  pulmonary
spiration  cases  globally  could  lead  to  better-informed  prac-
ice  and  evidence-based  data,  instead  of  mainly  relying  on
xpert  opinion.  This  approach  may  be  a  potential  strategy  to
revent  and  minimize  airway  management  complications.22

The  results  of  a  recent  worldwide  survey  on  RSI  with  more
han  10,000  respondents16 showed  a  huge  variability  in  RSI
ractice.  For  example,  cricoid  force  would  be  used  in  71%
uring  RSI  for  a  hypothetical  patient  with  intestinal  obstruc-
ion  and  only  50%  for  any  other  patient  undergoing  RSI.  This
onflicts  with  deliberate  practice  principles  which  ought  to
e  followed  in  order  to  achieve  and  maintain  expert  per-
ormance  in  RSI.  A  strong  association  of  cricoid  force  use
ith  decreasing  national  income  could  also  be  ascertained.

mportant  variability  was  also  found  for  patient  positioning
nd  nasogastric  tube  use.  Such  databases  allow  comparison
ith  previously  published  data  and  can  balance  the  discus-

ion  to  the  best  available  evidence,  while  determining  what
appens  at  the  bedside.

As  the  volume  of  data  continues  to  grow,  its  potential  for
lucidating  this  decade-long  discussion  seems  to  be  growing.

n  critical  decisional  setting,  we  have  growing  evidence  that
any  accidents  occur  because  of  human  factors,  including
xation  errors  and  lack  of  effective  communication.  There-
ore,  we  believe  that  gathering  data  assumes  the  other
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eaning  of  becoming  a  way  to  discuss  our  errors  and  to
earn  from  them  (promoting  the  no-blame  culture)  and  to
ntroduce  not  only  technical  but  also  non-technical  aids  to
mprove  practice  and  patient  safety.23,24

onclusions

or  decades,  many  different  techniques  have  been  investi-
ated  to  decrease  the  incidence  of  pulmonary  aspiration.
espite  much  research,  many  controversies  regarding  RSI
xist.  The  three  measures  discussed  (gastric  ultrasound  for
ulmonary  aspiration  risk  assessment,  mathematical  mod-
lling,  and  global  data  collection  through  the  exploitation  of
vailable  social  networking  platforms)  may  aid  us  in  improv-
ng  the  safety  of  airway  management  decision-making  in  the
ear  future.
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Abstract
Background  and  objectives:  Anesthesiologists  and  hospitals  are  increasingly  confronted  with
costs associated  with  the  complications  of  Peripheral  Nerve  Blocks  (PNB)  procedures.  The
objective of  our  study  was  to  identify  the  incidence  of  the  main  adverse  events  associated
with regional  anesthesia,  particularly  during  anesthetic  PNB,  and  to  evaluate  the  associated
healthcare and  social  costs.
Methods:  According  to  the  Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses
(PRISMA) guidelines,  we  conducted  a  systematic  search  on  EMBASE  and  PubMed  with  the  fol-

lowing search  strategy:  (‘‘regional  anesthesia’’  OR  ‘‘nerve  block’’)  AND  (‘‘complications’’  OR
‘‘nerve lesion’’  OR  ‘‘nerve  damage’’  OR  ‘‘nerve  injury’’).  Studies  on  patients  undergoing  a
regional anesthesia  procedure  other  than  spinal  or  epidural  were  included.  Targeted  data  of

xtracted  and  further  analyzed.
the selected  studies  were  e
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Results:  Literature  search  revealed  487  articles,  21  of  which  met  the  criteria  to  be  included  in
our analysis.  Ten  of  them  were  included  in  the  qualitative  and  11  articles  in  the  quantitative
synthesis.  The  analysis  of  costs  included  data  from  four  studies  and  2,034  claims  over  51,242
cases. The  median  claim  consisted  in  39,524  dollars  in  the  United  States  and  22,750  pounds
in the  United  Kingdom.  The  analysis  of  incidence  included  data  from  seven  studies  involving
424,169 patients  with  an  overall  estimated  incidence  of  137/10,000.
Conclusions:  Despite  limitations,  we  proposed  a  simple  model  of  cost  calculation.  We  found
that, despite  the  relatively  low  incidence  of  adverse  events  following  PNB,  their  associated
costs were  relevant  and  should  be  carefully  considered  by  healthcare  managers  and  decision
makers.
© 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/).

I

I
n
o
t
S
d
a
p
r
c
r
i
e
t
b
m
t

a
c
s
C
t
r
f

c
i
t
r
s
a
o
l
a
O
r
p
f
w
h
t
l

s
l

a
a
u
h
t

M

T
a

S

A
R
d
E
l
b
‘
t
2
I
m
u

r
p
g
r
r
t
s
a
a
e

ntroduction

n  the  last  decades,  developed  countries  witnessed  a  sig-
ificant  increase  in  healthcare  costs.  At  present,  because
f  resources  constraints,  the  financial  sustainability  of
he  health  system  has  become  of  paramount  importance.
uch  an  increase  in  the  relevance  of  economic  criteria  in
ecision-making  processes,  fosters  the  diffusion  of  economic
ssessments  in  the  healthcare  setting.1---3 Cost  analyses
rovide  decision-makers  with  relevant  information  about
esource  consumption  and  trade-off  between  costs  and  out-
omes  associated  with  different  health  technologies.4 The
esults  of  such  analyses  aim  to  reach  rational  approaches  to
ntroduce  novel  health  technologies,  particularly  in  rapidly
volving  medical  fields  such  as  anesthesiology.4 In  fact,  anes-
hesiology  is  a  medical  field  that  has  been  characterized
y  relevant  technologic  advances,  thus  allowing  safe  pain
anagement5,6 and  enabling  the  implementation  of  innova-

ive  cost-effective  treatment  approaches.7---9

Therefore,  even  relatively  small  risks  related  to  the
nesthetic  technique  might  result  in  substantial  negative
onsequences  both  for  healthcare  providers  and  for  univer-
al  healthcare  systems  that  are  striving  to  contain  costs.
are  providers  are  always  more  often  confronted  with
he  challenge  of  fostering  their  reputation  in  contexts  of
egulated  competition  where  care  quality  and  patient  satis-
action  are  paramount  factors.

In  the  field  of  regional  anesthesia,  and  specifically  in  the
ontext  Peripheral  Nerve  Blocks  (PNB),  the  local  anesthetic
s  injected  in  close  proximity  to  a  nerve  or  a  nerve  plexus
o  achieve  an  anesthetic  or  analgesic  block.  This  approach
educes  the  adverse  effects  related  to  general  anesthe-
ia  but  it  is  not  exempt  from  severe  complications10,11

s  a  consequence  of  the  injection  in  the  wrong  tissue,
rgan,  or  cavity.12,13 For  instance,  inadvertent  intravascu-
ar  injection  of  local  anesthetics  can  cause  acute  neuro-
nd  cardiac  toxicity,  eventually  leading  to  cardiac  arrest.14

ther  complications  might  result  from  inadvertent  intraneu-
al  injection  and  range  from  temporary  to  sustained  or  even
ermanent  nerve  damage.  Minor  nerve  lesions  may  inter-
ere  with  the  patients’  professional  life  and  are  associated
ith  medicolegal  controversies  that  raise  concerns  for  both

ealthcare  professionals  and  hospital  administrations.  On
he  other  hand,  major  lesions  are  associated  with  loss  of
imb  function,  dysesthesia,  paresthesia,  and  chronic  pain

i
s
i
a

30
yndromes,  significantly  influencing  the  patients’  quality  of
ife.14---22

The  objective  of  our  study  was  twofold.  Firstly,  we  aimed
t  identifying  and  evaluating  the  incidence  of  the  main
dverse  events  associated  with  regional  anesthesia,  partic-
larly  during  anesthetic  PNB.  Secondly,  we  evaluated  the
ealthcare-  and  social  associated  costs  of  the  aforemen-
ioned  adverse  events  in  order  to  assess  their  impact.

ethods

he  present  study  was  based  on  previously  published  studies
nd  no  ethical  approval  or  informed  consent  were  required.

tudy  identification  and  eligibility  criteria

ccording  to  the  Preferred  Reporting  Items  for  Systematic
eviews  and  Meta-Analyses  guidelines  (PRISMA),23 we  con-
ucted  a  systematic  search  on  the  electronic  databases
MBASE  and  PubMed.  We  specifically  implemented  the  fol-
owing  search  strategy:  (‘‘regional  anesthesia’’  OR  ‘‘nerve
lock’’)  AND  (‘‘complications’’  OR  ‘‘nerve  lesion’’  OR
‘nerve  damage’’  OR  ‘‘nerve  injury’’).  We  limited  the  search
o  the  time  lapse  between  January  1st,  2007  and  June  1st,
020  (included).  Language  restrictions  were  set  to  English,
talian,  and  Spanish.  We  also  included  gray  literature  (i.e.,
aterial  such  as  reports  and  newsletters  published  by  rep-

table  anesthesiologists’  associations,  fact  sheets,  etc.).
Two  researchers  independently  filtered  the  retrieved

esults  by  reading  titles  and  abstracts  in  order  to  identify
ublications  on  the  topics  of  interest  and  apply  specific  eli-
ibility  and  exclusion  criteria.  Eligibility  criteria  included
andomized  controlled  trials,  observational  studies  and
eviews  reporting  on  adult  patients  undergoing  an  opera-
ion  intervention  requiring  regional  anesthesia.  We  excluded
tudies  that  did  not  match  the  topic  of  interest,  oper-
tions  requiring  neuraxial  anesthesia  (spinal  or  epidural
nesthesia),  sparse  data  regarding  the  outcomes  of  inter-
st  (incidence,  costs,  risk).  Additional  relevant  studies  were

dentified  by  snowballing  the  reference  sections  of  the
elected  contributions  and  conducting  manual  search  to
nclude  also  pertinent,  authoritative  grey  literature.  Any  dis-
greement  between  reviewers  was  resolved  by  discussion.
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Brazilian  Journal  of  Anesth

ata  collection,  validation,  and  analysis

ollowing  PRISMA  guidelines  and  Population,  Interven-
ion,  Comparison  and  Outcome  (PICO)24 framework,  the
esearchers  independently  extracted  targeted  data  from  the
ull-text  versions  of  the  selected  studies.  Relevant  study
haracteristics  including  study  type/design,  sample  size,
rimary  anesthesia  technique,  incidence  of  injury,  incidence
f  complications  and  adverse  events  were  collected  and
urther  analyzed.  Disagreements  in  data  collection  were
iscussed  until  consensus  was  reached.  Ultimately,  a  third
ndependent  researcher  verified  the  data  extracted  to  solve
iscrepancies  and  check  consistency.  Data  such  as  median
eimbursement  resulting  from  claims  were  extracted  from
ach  study  and  further  analyzed.

Quantitative  synthesis  of  the  extracted  data  was  per-
ormed  through  a  pooled  analysis  in  order  to  estimate  the
eighted  average  of  nerve  injury  incidence  according  to

he  study  sample  size.  In  the  occurrence  of  a  lack  of  an
xplicit  report  of  nerve  injury  incidence,  it  was  calculated
rom  percentage  of  the  given  total  reported  in  the  study.

ost  values  comparability  and  measurement

hen  costs  were  expressed  in  different  currencies  and
eferred  to  different  time  periods,  we  adopted  two  stan-
ard  approaches  to  make  them  comparable.  We  applied
he  trend  of  the  Consumer  Price  Index  to  adjust  mone-
ary  values  (expressed  in  the  preferred  currency)  coherently
ith  the  targeted  period,  while  we  applied  the  Purchasing
ower  Parities  (PPPs,  https://data.oecd.org/conversion/
urchasing-power-parities-ppp.htm)  for  the  monetary  val-
es  (expressed  in  the  preferred  time  period)  coherently  with
he  target  currency.  Specific  details  were  mentioned  when
pplied  to  the  actual  values.

Since  we  adopted  a  societal  perspective,  we  also  consid-
red  the  productivity  losses  associated  with  the  PNB-related
omplications.  In  this  respect,  we  applied  the  human  capi-
al  approach  and  considered  any  initiative  aimed  to  reduce
NB-related  complications  as  an  investment  in  a  person’s
uman  capital  placing  per-capita  income  (based  on  OECD
ata  ---  see  Table  1)  as  monetary  weights  on  healthy  years
f  life.25 Based  on  this  monetary  measure,  we  considered
ifetime  with  disability  as  a  productivity  loss  (up  to  65-years
ge),  regardless  of  the  employment  status,  thus  adopting  a
road  perspective  of  productivity  as  a  measure  of  well-being
rather  than  strict  economic  welfare).26---28 We  reported  pro-
uctivity  changes  separately  so  that  one  can  easily  decide
n  whether  or  not  include  them  for  specific  evaluation  pur-
oses.

esults

iterature  search:  included  studies

iterature  search  from  EMBASE  and  PubMed  revealed  487

rticles.  Seventy-five  duplicates  were  identified,  and  386
urther  articles  were  excluded  since  they  did  not  match  the
ain  topic.  Fifteen  articles  were  evaluated  in  full-text  and

he  manual  references  screening  resulted  in  the  retrieval
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f  10  additional  articles.  Five  articles  were  excluded  since
hey  did  not  match  the  topic  and  a  total  of  21  was  included
Fig.  1).  Ten  of  them12---21 only  served  the  purpose  of  shaping
he  introduction  and  discussion  of  our  work,  and  there-
ore  were  included  in  the  qualitative  synthesis.  Eleven
rticles22,29---38 regarding  incidence  of  PNB  complications  and
laim  costs  were  included  in  the  quantitative  synthesis.

The  analysis  of  incidence  was  based  on  data  derived  from
even  studies.  The  majority  of  such  studies  were  multicen-
ric  and  prospective,  with  a  sample  size  ranging  from  143
o  158,083  cases.  As  far  as  costs  were  concerned,  the  anal-
sis  was  based  on  data  from  four  studies  concerning  legal
laims.  In  fact,  the  sole  economic  analyses  in  the  literature
n  this  topic  were  based  on  secondary  data  from  litiga-
ion  databases  of  Authorities  or  Corporative  associations.
herefore,  all  the  analyses  were  retrospective  and  regarded
nglo-Saxon  geographic  contexts,  with  sample  sizes  ranging
rom  4,183  to  40,165  cases  (Table  2).

ain  adverse  events  associated  with  regional
nesthesia

mong  studies  focusing  on  or  including  PNB,  complications
ere  not  uniformly  classified.  In  general,  we  noticed  that

he  studies  used  a  combination  of  clinical  (e.g.,  seizure,
erve  lesion)  and  overall  health  effects  (e.g.,  peripheral
europathy,  abscess);  sometimes  the  terms  employed  were
ather  generic  (e.g.,  severe  neurologic  complications)  or  not
trictly  related  to  nerve  injury  (e.g.,  infection,  pneumonia).
his  undermined  our  attempts  of  assessing  the  impact  of
omplications  in  economic  terms  based  on  incidence  data.

ncidence  of  the  main  adverse  events  associated
ith PNB

verall,  the  incidence  of  peripheral  nerve  injury  related  to
NB  performed  in  the  perioperative  setting  ranged  from  3.5
o  5.0/10,000  (Table  3);  the  mean  value  resulting  from  the
ooled  data  was  4.0/10,000  cases.  Whiting  PS  et  al.38 and
apdevila  X  et  al.35 reported  significantly  higher  incidence
alues  but  these  two  studies,  which  focused  on  orthope-
ic  surgery,  included  a  wider  range  of  complications  than
he  other  studies,  thus  not  always  allowing  to  identify
omplications  specifically  related  to  nerve  injuries.  In  their
ystematic  review,  Kessler  J  et  al.,15 with  their  analysis
hat  included  large  studies  such  as  Rohrbaugh  M  et  al.39

nd  Sviggum  HP  et  al.,21 reported  a  comparable  incidence
f  complications  after  interscalene  blockade  in  shoulder
urgery.

There  were  significant  differences  in  terms  of  surgical
nterventions  and  the  anesthetic  technique  applied.  In  addi-
ion,  it  is  important  to  consider  that  the  incidence  varies
ccording  to:  the  proximity  of  the  investigator’s  look  (the
loser,  the  higher  the  rate  of  complications),  the  study
esign  (retrospective  vs.  prospective)  and  the  timing  of  the

ollow-up,  as  symptoms  of  nerve  injury  may  not  become  clin-
cally  apparent  before  several  weeks  postoperatively.14,17

hese  aspects  were  not  evident,  except  for  the  distinction
etween  retrospective  and  prospective  studies.
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Table  1  Estimates  of  variables  involved  in  productivity  losses  estimation  (2017).

Context  Life  expectancy  at  birth  (years)  Annual  income  per  capita  (USD)

-  a  -  -  b  -  -  c  -

Euro  area  82  na  na
United Kingdom  81  40,530  43,732
United States  of  America  79  58,270  60,558

Sources: (a) The World Bank (https://data.worldbank.org), (b) WorldData.info (www.worlddata.info), (c) OECD (https://data.oecd.org).
USD, United States Dollars.
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Figure  1  Flow  chart  of  the  literatur

osts  of  adverse  events  associated  with  PNB

here  were  a  few  studies  that  quantified  the  economic
mpact  of  the  complications  associated  with  regional  anes-
hesia  and  more  specifically  with  PNB.  The  source  of
conomic  information  regarding  such  topic  were  analyses
f  medico-legal  claims  related  to  anesthesia.  These  stud-
es  focused  on  two  Anglo-Saxon  geographic  contexts:  The
nited  Kingdom  and  the  United  States  of  America  (Table  2).
ccording  to  the  data  extracted  from  these  studies,  the
edian  reimbursement  resulting  from  closed  claims  was
ather  different  according  to  the  Country  involved.  Lee
t  al.30 and  Szypula  et  al.22 were  the  most  similar  in  terms
f  the  anesthetic  technique  applied.  However,  while  Lee

v
a
r

30
arch  according  to  PRISMA  Guidelines.

t  al.30 referred  specifically  to  payments  associated  with
laims  related  to  PNB,  Szypula  et  al.22 referred  to  regional
nesthesia.

Based  on  the  data  of  the  aforementioned  two  studies,  the
edian  cost  of  a  claim  associated  with  PNB  ranged  between

8,800  USD  and  75,000  £ (95,045  USD)  with  the  former  value
ased  on  prices  of  1999  and  the  latter  based  on  prices  of
006.  Using  the  trend  of  the  Consumer  Price  Index  in  the
ime  period  between  1999  and  2006  (www.bls.gov/data/),
he  adjusted  value  of  the  US-based  median  was  85,350  USD;
hile  using  the  Purchasing  Power  Parities,  the  UK-based

alue  was  107,585  USD.  We  preferred  to  maintain  the  value
djusted  to  the  year  2006  in  order  to  avoid  excessive  cor-
ection  errors  and  maintain  a  conservative  approach  in  our
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Table  2  Costs  associated  with  Regional  Anesthesia/Nerve  injury.

Author/s  (year)  Context  Source  Data  collection
type

Period  Object  of  study  Sample  size  Cost  information

Cheney  FW
et al.29 (1999)

United  States  ASA  Closed
Claim  Project

Retrospective  1990---1998  Nerve  damage  by
surgical  or  anesthesia
instrument
(perioperative  nerve
injury)

670  (over
4,183)  claims

All  nerve  injury
median  claim:  USD
35,000

Lee LA  et  al.30

(2008)
United  States  ASA  Closed

Claim  Project
Retrospective  1980---2000  Eye  blocks  and

Peripheral  nerve
blocks  (PNB)  for
surgical  anesthesia
claims

218  (over
6,894)  claims

PNB  median  claim:
USD  58,800

Eye  block  median
claim:  USD  126,900

Cook TM
et  al.31 (2009)

United  Kingdom  National  Health
Service
Litigation
Authority
(NHSLA)  claims
dataset

Retrospective  1995---2007  Financial  impact  of
anesthesia-related
claims

841  (over
40,165)  claims

Regional  anesthesia
median  claim:  £ 4,000

Positioning  median
claim:  £ 8,000

Szypula K
et  al.22 (2010)

United  Kingdom  National  Health
Service
Litigation
Authority
(NHSLA)  claims
dataset

Retrospective  1995---2007  Financial  impact  of
regional
anesthesia-related
claims

366  (over
40,165)  claims

CSE  median  claim:  £
82,000

Eye  median  claim:  £
24,000
Upper  limb  median
claim:  £ 500
Lower  limb  median
claim:  £ 6,000

Costs are expressed in United States Dollar (USD) or United Kingdom Pounds (£).
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Table  3  Incidence  of  complications  associated  to  peripheral  nerve  blocks.

Author  (year)  Period  Context  Multicenter  Study  type  Sample  size  Interventio/block  type  Complications  Incidence

Auroy  Y  et  al.32

(2002)
1998---1999 France  Yes Prospective  79,979 Interscalene  block  (3,459)  Peripheral  neuropathy  2.9/10,000

Supraclavicular  block
(1,899)

Seizures  5.3/10,000

Axillary  plexus
block  (11,024)

Seizures  0.9/10,000
Peripheral  neuropathy  1.8/10,000

Midhumeral
block  (7,402)

Seizures  1.4/10,000
Peripheral  neuropathy  1.4/10,000

158,083  Overall  regional  blocks  Severe  neurologic
complications

0.35/10,000

Barrington MJ
et  al.33 (2009)

2006---2008 Australia Yes Prospective  6,069 Overall Block-related  nerve
injury

4/10,000

Systemic  local
anesthetic  toxicity

9.8/10,000

Belavic M
et al.34 (2013)

2012  Croatia  No  Prospective  143  Overall  Block-related  nerve
injury

5/10,000

Capdevila X
et  al.35 (2005)

2000 France Yes  (8
university
hospitals)

Prospective 1’416  Orthopedic
surgery  /Femoral

Nerve  lesions  44/10,000
Abscess  15/10,000

Orthopedic
surgery/Interscalene

Acute  respiratory  failure  78/10,000

Orthopedic
surgery/Interscalene

Laryngeal  and  recurrent
laryngeal  nerve  paralysis

78/10,000

Orthopedic  surgery/PCB  Severe  hypotension  1,500/10,000
Orthopedic  surgery/Distal  Systemic  local

anesthetic  toxicity
263/10,000

Orthopedic  surgery/Axillary  Seizure  79/10,000
Huo T  et  al.36

(2016)
2009---2011 China Yes  (11

teaching
hospitals)

Prospective  106,596 Overall  Major  regional
anesthesia  complications

3.47/10,000

Orthopedics  surgery
(n =  31,097)

Horner  syndrome  (n  =  5),
Seizure  (n  =  1),
Hematoma  (n  =  1)

2.3/10,000

Urology  surgery  (n  =  16,769)  Seizure  (n  =  1),
Paraplegia  (n  =  1)

1.2/10,000
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Table  3  (Continued)

Author  (year)  Period  Context  Multicenter  Study  type  Sample  size  Interventio/block  type  Complications  Incidence

General  surgery  (n  =  17,907)  Horner  syndrome  (n  =  4),
Recurrent  laryngeal
nerve  block  (n  =  5),
Extensive  neuraxial
block  (n  =  5),  Seizure
(n =  3),  Cauda  equina
syndrome  (n  =  1),
Hematoma  (n  =  1),
Cardiac  arrest  (n  =  1)

11.2/10,000

Vascular  surgery  (n  =  1,246)  Recurrent  laryngeal
nerve  block  (n  =  1)

8.0/10,000

Plastic  surgery  (n  =  1,579)  Extensive  neuraxial
block  (n  =  3)

19/10,000

Saied NN
et  al.37 (2017)

2005---2011  USA  Yes  (300
community  and
academicals
centers)

Retrospective  64,119 General  surgery,
vascular  surgery,
orthopedic  surgery
and  genitourinary
surgery

Peripheral  nerve  injury  4/10,000

Intraoperative  c-reactive
protein  or  death

4/10,000

Whiting PS
et  al.38 (2015)

2005---2011 USA,  Saudi
Arabia,
Canada,
Lebanon,
United
Kingdom,
United  Arab
Emirates

Yes  (462
hospitals  in
USA  and  34  in
the  other
countries)

Prospective  7,764 Hip  fracture  surgery
(111  of  PNB  within
the  original  ample)

Minor  complications
(wound  dehiscence,
superficial  wound
infection,  pneumonia,
and  urinary  tract
infection)

721/10,000

Major  complication
(deep  wound  infection,
organ  space  infection,
myocardial  infarction,
pulmonary  embolism,
deep  venous  thrombosis,
cerebrovascular
accident,  postoperative
neurological  deficit,
sepsis,  septic  shock,
coma,  and  death  within
30  postoperative  days)

810/10,000

Overall  complications  126/10,000

PNB, Peripheral Nerve Blocks; USA, United States of America.
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valuation.  Despite  being  an  objective  type  of  information,
t  has  two  main  limitations:  (a)  it  tends  to  provide  an  evalu-
tion  perspective  limited  to  the  hospital;  (b)  even  assuming
hat  a  claim  closed  in  favor  of  a  patient  is  a  solid  criterion
o  discriminate  between  a  real  complication  associated  with
NB  and  an  economically  irrelevant  issue,  this  information
oes  not  include  the  costs  connected  to  those  who  suffered

 complication  but  did  not  issue  a  claim.
The  first  limitation  could  be  overcome,  for  instance,

y  acquiring  information  about  the  health  outcomes  (or
t  least  prognoses)  associated  with  the  reported  incidence
f  complications.  On  the  other  hand,  in  the  absence  of
uch  data,  the  pragmatic  assumption  that  a  claim  payment
ncludes  the  relevant  social  costs  associated  with  a  case  of
omplications  should  be  made  in  this  way,  the  median  cost
f  a  claim  becomes  a  satisfactory  parameter  in  the  single
ase  in  study.  We  could  overcome  the  second  limitation  by
rojecting  the  median  cost  to  the  population  of  subjects
hat  are  likely  to  be  affected  by  the  complications  taken
nto  account  in  the  study.  The  information  on  the  incidence
ould  be  used  to  estimate  this  population,  while  the  pro-
ortion  of  closed  claims  ---  that  ranged  from  51%  and  53.5%
ccording  to  Szypula  K  et  al.22 and  Lee  et  al.30 ---  was  a  can-
idate  parameter  to  discriminate  between  relevant  (i.e.,
lock-related  and  economically  significant)  and  irrelevant
dverse  events.

Therefore,  knowing  the  volume  of  interventions  adopting
NB  (V),  one  could  evaluate  the  costs  of  its  complications
y  combining  the  following  information:

valuation  of  costs  in  USD  =  V  ∗  [0.035%;  0.05%]

∗  53%  ∗  [85,  350;  107, 585]  =  V  ∗  [15.8;  28.5] (1)

valuation  of  costs  in  Euro  =  V  ∗  [0.035%;  0.05%]

∗  53%  ∗  [70,  640;  89,  040]  =  V  ∗  [13.1;  23.6]  (2)

We  assumed  53%  as  the  proportion  of  relevant  adverse
vents  and  the  found  range  of  incidence  of  adverse  events
ssociated  with  nerve  injuries  due  to  PNB  (from  0.35%  to
.05%)  when  considering  any  type  of  intervention.  As  far  as
‘V’’  is  concerned,  we  could  not  find  a  reliable  estimate.
herefore,  we  maintained  it  as  a  variable.  More  specifi-
ally,  the  first  equation  suggests  that  the  ‘‘hidden  costs’’
i.e.,  associated  with  likely  complications)  for  each  PNB  per-
ormed  ranged  between  15.8  and  28.5  USD.

If  one  considers  that  the  strength  of  the  previous  prag-
atic  assumption  (i.e.,  the  hypothesis  that  a  claim  payment

ncludes  the  relevant  social  costs  associated  with  a  PNB-
elated  complication),  an  alternative  approach  consists  of
ssessing  productivity  losses.  In  this  respect,  Lee  et  al.30

nalyzed  the  American  Society  of  Anesthesiologists  (ASA)
losed  Claims  database  in  the  period  between  1990  and
010  (overall  8,954  claims)  and  identified  189  patients  who
eceived  PNBs  in  the  setting  of  urgent  surgery  and  with  a

ean  age  to  47  ±  14  years.  They  reported  31  claims  related

o  nerve  injuries  (16.4%)  resulting  in  permanent  and/or  dis-
bling  damage,  while  claims  related  to  death  (20)  or  brain
amage  (10)  were  the  consequence  of  multiple  damaging
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vents,  whose  etiologies  were  sometimes  difficult  to  ascer-
ain  or  track.  We  could  consider  this  information  as  a  reliable
asis  to  evaluate  the  productivity  losses  deriving  from  per-
anent  disability  associated  with  nerve  lesions  plausibly

aused  by  PNBs.  As  further  reported  in  the  methods  section,
e  could  assume  the  Average  Annual  Income  per  capita  (AAI)
s  a  measure  of  the  productivity  loss  for  each  year  in  which
he  subject  could  not  work  (due  to  the  permanent  disabil-
ty)  and  the  difference  between  the  expected  productive
ife  (EPL,  assuming  that  an  individual  is  productive  up  to
5-years  of  age)  and  the  average  age  of  the  sample  of  Lee
t  al.30 as  a  measure  of  the  years  lived.

valuation  of  Productivity  losses  =  V  ∗  [0.035%;  0.05%]

∗  53%  ∗  16.4%  ∗  (EPL---AGE)  ∗  AAI  =  V

∗  [0.003%;  0.004%]  ∗  (EPL---47)  ∗  AAI

Based  on  recent  estimates  shown  in  Table  1,  EPL  could  be
onsidered  equal  to  65  (since  life  expectancy  is  above  this
hreshold)  and  AAI  considered  the  OECD  value.  For  instance,
n  the  USA  the  evaluation  of  productivity  losses  results  was
chieved  through  the  following  equation:

valuation  of  Productivity  losses  (inUSA)  in  USD  =  V

∗  [0.003%;  0.004%]  ∗  (65---47)  ∗  60,  558  =  V

∗  [32.70;  43.60]  (3)

This  approach  suggested  that  that  the  ‘‘hidden  costs’’
i.e.,  associated  with  likely  complications)  for  each  PNB
erformed  ranged  between  32.7  and  43.6  USD.  If  also  the
ariability  in  terms  of  AGE  (as  reported  by  Lee  et  al.30 ±14
ears)  were  included  in  the  evaluation,  the  range  broadened
etween  7.3  and  65.4  USD.

The  two  evaluation  approaches  described  above  sug-
ested  relevant  costs  associated  with  the  phenomenon  in
tudy  according  to  the  different  perspectives  assumed.
lthough  the  aforementioned  hidden  costs  may  appear
elatively  low,  the  overall  yearly  expenditure  could  be  sig-
ificant  for  both  the  hospital  and  the  community.

iscussion

n  our  systematic  review,  21  articles  were  included  in  the
ualitative  synthesis  and  eleven  of  them  were  considered
ligible  to  perform  the  quantitative  synthesis.  The  pooled
nalysis  of  costs  included  data  from  2,034  claims  over
1,242  cases  with  a  median  claim  of  39,524  USD.  The  over-
ll  estimated  incidence  of  complications  was  137  in  10,000
atients.

Nerve  injury  after  regional  anesthesia  is  regarded  as  a
ajor  complication  and,  when  the  damage  is  severe,  may

ake  weeks  or  even  months  to  recover  completely.12 One
ausative  factor  involves  direct  intraneural  injection  of  local
nesthetics.  However,  Bigeleisen  P  et  al.13 challenged  such
oncept  by  showing  that  intraneural  injection  is  not  invari-

bly  damaging.  Nevertheless,  if  intraneural  injection  is  not
ufficient  factor  in  the  development  of  nerve  injury,  it  is  hard
o  challenge  the  idea  that  it  is  a  serious  risk  factor,  espe-
ially  when  the  injection  needle  reaches  the  perineurium.
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lthough  several  studies  have  been  performed  that  analyze
he  etiology  and  physiology  of  this  issue  (together  with  tech-
iques  aiming  at  reducing  its  risk),  the  extant  literature
howed  a  paucity  of  contributions  assessing  the  incidence
f  complications  associated  with  regional  anesthesia,  par-
icularly  PNB.

It  should  be  noted  that  the  scientific  literature  on  this
opic  seems  to  have  thrived  in  recent  years.  This  may  be
nterpreted  as  an  indicator  of  the  growing  interest  in  analyz-
ng  this  topic  from  a  quantitative  perspective.  The  reported
stimates  showed  a  variability  that  is  mainly  linked  to  the
ype  of  intervention  performed  and  study  design,  though
here  is  a  convergence  toward  a  representative  general
alue  and,  in  general,  reported  data  indicate  a  low  rate  of
ccurrence.

The  fact  that  regional  anesthesia  has  become  routine
ractice  for  surgical  procedures22 calls  for  more  thorough
nalyses  of  the  real  costs.  Basically,  neurologic  adverse
vents  caused  by  PNB  may  affect  patient  satisfaction  ---  and
he  hospital  reputation  ---  regardless  of  quality  of  the  surgi-
al  procedure  for  which  PNB  was  performed.  Moreover,  the
ore  frequently  PNB  is  performed,  the  higher  the  incidence

lso  of  infrequent  events  that  may  become  relevant  for  both
nesthesiologists  and  hospital  managers.

We  found  that  health  outcomes  associated  with
omplications  are  reported  in  a  heterogeneous  way.  Some-
imes  the  authors  report  their  clinical  effects,  while  other
uthors  refer  to  health  outcomes;  in  fact,  the  terms
sed  are  frequently  rather  generic.  This  jeopardizes  an
ffective  comparison  of  the  results  among  different  stud-
es  and  hampers  a  straightforward  interpretation  of  the
eported  results,  whose  aim  is  to  match  economic  and  clin-
cal  information.  In  this  respect,  the  economic  assessment
ould  greatly  benefit  from  standardized  reporting  strate-
ies  based  on  health  outcomes  that  can  reliably  be  linked  to
omplications  with  definite  economic  values.  For  instance,
awyer  RJ  et  al.19 proposed  an  interesting  prognosis-based
lassification  to  assess  the  health  outcomes  of  peripheral
erve  injuries.  However,  data  from  the  available  incidence
tudies  do  not  allow  a  correlation  to  such  classification.  The
urrent  scientific  literature  concerning  the  economic  impact
f  complications  associated  with  regional  anesthesia  (par-
icularly  PNB)  is  even  poorer;  in  fact,  the  very  few  studies
vailable  are  based  on  secondary  data  regarding  legal  claims
n  two  Anglo-Saxon  countries.  Based  on  the  available  evi-
ence,  we  tried  to  demonstrate  that  this  phenomenon  is
ot  economically  negligible,  despite  its  relatively  low  rate
f  occurrence.

imitations

everal  authors  have  previously  stressed  the  difficulty  in
stimating  the  incidence  of  adverse  events  associated  with
nesthesia  because  of  the  heterogeneity  and  quality  of  the
iterature  on  this  topic.16,18 Therefore,  we  are  aware  that
--  despite  our  focus  on  rigorous  studies  and  the  conserva-
ive  hypotheses  adopted  ---  results  must  be  interpreted  with

aution.

It  is  important  to  emphasize  two  major  aspects  regard-
ng  peripheral  nerve  complications  caused  by  PNB.  Firstly,
hey  represent  an  infrequent  phenomenon  and  therefore,
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ts  sampling  is  prone  to  error  due  to  either  the  cluster-
ng  phenomenon  or  its  opposite  (i.e.,  sampling  interval
ithout  events).10 Secondly,  the  etiology  of  Perioperative
eripheral  Nerve  Injuries  (PPNI)  is  complicated  by  several
actors  beyond  the  mere  anesthetic  injection  (e.g.,  diseases
ffecting  the  microvasculature  of  nerves,  poor  perioperative
ositioning).  Moreover,  the  clinical  manifestations  of  PPNI
ay  only  become  apparent  before  48-h  post-operatively  and

his  may  cast  doubt  on  the  cause  of  the  injury.16

The  four  studies  included  reporting  on  claims  did  not
xplicit  specify  who  was  charged  for  the  claims.  However,
ne  can  assume  that  hospitals  were  primarily  involved,  but

 characteristic  of  such  costs  is  that  they  spread  indirectly
n  healthcare  systems  and  society  in  general.  Therefore,
e  tried  to  address  this  limitation  by  assessing  the  socio-
conomic  burden  of  PNB-related  complications  resulting  in
ermanent  and/or  disabling  injuries  including  productivity
oss.  We  could  not  discern  the  level  of  disability,  but  the
pproach  considers  only  one  type  of  reported  complication
nd  results  are  likely  to  be  conservative.

It  is  important  to  acknowledge  that  out  of  11  studies,
nly  4  reported  on  costs  and  the  remaining  seven  studies
ddressed  nerve  injury  incidence.  Thus,  the  present  analysis
sed  data  from  two  sub-samples  of  studies  for  two  different
bjectives.  A  further  study  limitation  is  the  unfeasibility  to
enerate  an  accurate  risk  of  bias  assessment  and  a  plot-
ed  analysis;  therefore,  results  should  be  considered  merely
escriptive.  Moreover,  an  analysis  of  the  risk  of  bias  among
tudies  and  the  publication  bias  would  only  play  a  marginal
ole,  as  evidence  were  not  assessable.

ummary

nesthesiologists  and  hospitals  have  nowadays  to  be  con-
ronted  with  the  costs  associated  with  complications
elonging  to  misplaced  injection  of  local  anesthetics  during
NB.  We  analyzed  the  extant  literature  in  order  to  iden-
ify  the  main  adverse  events  associated  with  PNB,  in  order
o  establish  a  reasonable  estimate  of  their  incidence  and  a
odel  of  the  costs  due  to  such  complications.
Our  results  support  the  thesis  that,  although  the  rate  of

dverse  events  appeared  to  be  relatively  low,  their  associ-
ted  costs  were  unneglectable,  especially  considering  the
arge  volume  of  PNBs  performed  and  the  growing  role  of
nesthesiology  in  supporting  innovative  surgical  techniques.
rovided  some  limitations  inherent  to  the  data  and  based
n  some  necessary  hypotheses,  we  proposed  a  model  of  the
osts  associated  with  adverse  events  due  to  PNBs.  From  a
trict  hospital  perspective,  each  PNB  performed  is  associ-
ted  with  hidden  costs  ranging  from  approximately  18  to
3  USD  (or  15  to  18  Euro).  In  terms  of  productivity  losses,
ach  PNB  performed  is  associated  with  about  68  USD.  Though
he  two  evaluation  approaches  may  overlap,  they  are  also
ased  on  rather  conservative  hypotheses.  Therefore,  pre-
iminary  results  show  that  such  costs  are  relevant  and  should
e  carefully  considered  by  healthcare  managers  and  decision

akers.
Despite  the  limitations  of  our  study,  we  believe  that  our

esults  help  shed  light  on  a  matter  that  could  prove  pro-
oundly  relevant  for  healthcare  systems  which  are  striving
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o  contain  expenditures  while  at  the  same  time  trying  to
nsure  universal  access  to  healthcare.
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Abstract
Background  and  objectives:  In  this  systematic  review,  we  carried  out  an  assessment  of  peri-
operative  costs  of  local  or  regional  anesthesia  versus  general  anesthesia  in  the  ambulatory
setting.
Methods:  A  systematic  literature  search  was  conducted  to  find  relevant  data  on  costs  and
cost-effectiveness  analyses  of  anesthesia  regimens  in  outpatients,  regardless  of  the  medical
procedure  they  underwent.  The  hypothesis  was  that  local  or  regional  anesthesia  has  a  lower
economic  impact  on  hospital  costs  in  the  outpatient  setting.  The  primary  outcome  was  the
average total  cost  of  anesthesia  calculated  on  perioperative  costs  (drugs,  staff,  resources  used).
Results: One-thousand-six-hundred-ninety-eight  records  were  retrieved,  and  28  articles  includ-
ing 27,581  patients  were  selected  after  reviewing  the  articles.  Data  on  the  average  total  costs
of anesthesia  and  other  secondary  outcomes  (anesthesia  time,  recovery  time,  time  to  home

readiness,  hospital  stay  time,  complications)  were  retrieved.  Taken  together,  these  findings
indicated that  local  or  regional  anesthesia  is  associated  with  lower  average  total  hospital  costs
than general  anesthesia  when  performed  in  the  ambulatory  setting.  Reductions  in  operating
room time  and  postanesthesia  recovery  time  and  a  lower  hospital  stay  time  may  account  for
this result.
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Conclusions:  Despite  the  limitations  of  this  systematic  review,  mainly  the  heterogeneity  of
the studies  and  the  lack  of  cost-effectiveness  analysis,  the  economic  impact  of  the  anesthesia
regimes on  healthcare  costs  appears  to  be  relevant  and  should  be  further  evaluated.
© 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  recent  decades,  industrialized  countries  have  witnessed
 significant  increase  in  medical  care  costs.1 In  the  current
imes  of  resource  constraints,  the  financial  sustainability
f  healthcare  systems  has  become  of  paramount  impor-
ance.  This  increased  the  relevance  of  economic  criteria  in
ecision-making  processes,  thus  fostering  the  diffusion  of
conomic  evaluations  in  healthcare.

With  regard  to  surgery,  the  majority  of  overall  costs  are
epresented  by  fixed  costs  and  are  highly  dependent  on  hos-
italization  and  the  length  of  stay.2 Incentives  toward  a
eaner  and  cheaper  perioperative  process  have  led  to  a  con-
inuous  increase  in  ambulatory  surgery  over  recent  years.3

owever,  the  assumption  that  ambulatory  surgery  is  always
heaper  than  inpatient  surgery  is  not  always  true:  the  out-
atient  perioperative  process  should  be  well  conceived  and
ptimized  to  minimize  its  own  fixed  costs,  as  inefficiencies
re  multiplied  by  a  high  turnover.4

The  main  factors  affecting  ambulatory  surgery  process
xed  costs  are  the  operating  room  time,  the  occupancy
f  the  postoperative  care  unit  and  the  time  to  dis-
harge.  Indeed,  the  cost-effectiveness  of  the  outpatient
erioperative  process  depends  on  its  ability  to  opti-
ize  these  most  labor-intensive  and  resource-consuming
hases.5

Regional  anesthesia  has  been  increasingly  employed  in
he  outpatient  setting,  given  its  unique  characteristics
f  selectivity  and  efficacy  in  the  control  of  acute  post-
perative  pain.  Outpatient  regional  anesthesia  economic
xternalities  have  been  investigated  by  some  studies,  which
ave  associated  its  systematic  adoption  with  a  decrease  in
nesthesia-controlled  operating  room  time  and  thus  in  the
perating  room  fixed  costs,  potentially  translating  into  a  sig-
ificant  increase  in  patient  turnover  and  ultimately  hospital
evenues.5,6 Moreover,  regional  anesthesia  is  associated  with

 very  high  postoperative  care  unit  bypass  rate  and  with
 lower  incidence  of  postoperative  anesthesia-related  side
ffects,  such  as  nausea  and  vomiting,  excessive  sedation
nd  dizziness,  which,  in  the  ambulatory  setting,  may  signi-
cantly  prolong  the  day-hospital  length  of  stay,  jeopardize
he  meeting  of  discharge  criteria  or  even  cause  unscheduled
ospital  readmissions.5,6

On  the  other  hand,  the  recent  evolution  of  general  anes-
hesia  techniques  has  led  some  to  challenge  a  supposed
uperiority  of  regional  anesthesia  techniques  in  the  out-
atient  setting  with  regard  to  their  safety  and  side-effect
rofile.  The  extensive  use  of  laryngeal  masks  and  anes-

hetic  drugs  with  a  more  favorable  pharmacokinetic  profile
as  actually  led  to  a  reduction  in  the  incidence  of  post-
perative  complications,  an  increase  in  the  postanesthesia
are  unit  (PACU)  bypass  rate  and  a  potential  reduction  in

i
w
r

31
he  average  anesthesia-controlled  operating  room  time.7 If,
ollowing  these  recent  developments,  a  difference  in  cost-
ffectiveness  between  the  two  anesthesia  regimens  still
ersists,  it  is  not  clear.

Despite  the  importance  of  the  topic  for  the  future  devel-
pment  of  our  profession,  in  a  context  where  ambulatory
urgery  is  continuously  growing  and  has  been  estimated  to
ccount  for  the  vast  majority  of  all  surgical  procedures  in
he  near  future,1 a  systematic  review  of  all  the  contrasting
vidence  on  this  theme  is  still  lacking.

The  aim  of  this  work  is  to  provide  a  systematic  review  of
he  recent  literature  to  test  the  hypothesis  that  the  use  of
ocal  or  regional  anesthesia  is  associated  with  significantly
ower  average  total  hospital  costs  than  general  anesthesia
hen  applied  in  the  ambulatory  setting.

ethods

earch  strategy

 literature  search  of  the  electronic  PubMed/MEDLINE,
ochrane  Central  Register  of  Controlled  Trials  (CENTRAL),
eb  of  Science,  and  Google  Scholar  databases  was  carried
ut  to  find  relevant  data  on  the  costs  or  cost-effectiveness
f  general  and  local  or  regional  anesthesia  performed
n  an  ambulatory  setting.  The  primary  outcome  was  the
verage  total  cost  of  anesthesia.  Preferred  Reporting
tems  for  Systematic  Reviews  and  Meta-Analyses  (PRISMA)
uidelines  were  applied  in  carrying  out  this  systematic
eview.8

The  search  algorithm  was  based  on  the  clinicoeconomic
uestion  coded  into  the  PICO  framework  and  constructed
ombining  a  set  of  terms  referring  to  outpatient  setting
Patient),  regional  anesthesia  (Intervention),  general  anes-
hesia  (Comparator),  cost  or  cost-effectiveness  analysis
Outcome).  To  formulate  the  best  query  for  the  literature
earch,  many  attempts  were  made  to  be  sure  to  include  all
erms  relevant  for  our  clinico-economic  question.  The  final
earch  query  was  ((outpatient*)  OR  (out-patient*)  OR  (ambu-
atory)  OR  (day-surgery)  OR  (day  surgery)  OR  (day-case)  OR
day  case))  AND  ((anaesthesia)  OR  (anesthesia)  OR  (anaes-
hetic*)  OR  (anesthetic*))  AND  (general)  AND  ((block*)  OR
local)  OR  (regional)  OR  (loco-regional)  OR  (locoregional)  OR
nerve)  OR  (spinal)  OR  (epidural))  AND  ((cost-effective)  OR
cost*)  OR  (cost-efficacy)  OR  (cost-effectiveness)  OR  (cost-
tility)  OR  (economic*)).
The  last  literature  search  was  performed  on  10th May  2021
n  all  databases.  No  specific  study  design  was  defined.  Search
as  without  language  restriction.  Reference  lists  of  the

etrieved  articles  were  also  screened  for  additional  data.
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V.  Graff,  L.  Gabu

ligibility  criteria

tudies  were  included  in  the  systematic  review  when  they
et  each  of  the  following  inclusion  criteria:  a)  original  arti-

le  published  in  peer-reviewed  journal;  b)  the  study  includes
dults  only;  c)  the  study  compares  regional  and  general
nesthesia  in  outpatient  setting;  d)  the  study  reports  data  on
ost  or  cost-effectiveness  analysis.  Anesthesia  was  consid-
red  general  anesthesia  whenever  loss  of  consciousness  was
chieved,  and  arousal  was  not  achievable  at  verbal  com-
and.  With  regional  anesthesia  was  meant  any  technique

imed  at  achieving  a  reversible  loss  of  sensation  of  a  limb
r  a  body  area  through  the  administration  of  a  local  anes-
hetic  in  close  proximity  of  a  peripheral  nerve,  a  plexus  or
he  spinal  nerve  roots  or  the  spinal  cord.  Local  anesthesia
as  considered  a  reversible  loss  of  sensation  of  a  body  wall
rea  achieved  through  the  infiltration  of  a  local  anesthetic
irectly  into  tissues.  An  outpatient  setting  was  defined  as

 surgery  or  medical  treatment  for  which  the  patient  was
ischarged  the  same  day  (less  than  24  hours)  regardless  of
hether  it  required  or  not  to  occupy  a  hospital  bed.  The
verage  total  cost  of  anesthesia  per  case  encompassed  the
erioperative  costs  of  drugs,  staff  labor  and  resources  used.
eadmissions  and  complications  were  excluded  from  the
ost  calculation.

The  exclusion  criteria  were  a)  articles  not  within  the  field
f  interest  of  this  review  (for  example,  medical  procedures
ot  in  ambulatory  setting);  b)  review  articles,  letters,  or  edi-
orials;  c)  case  reports  or  case  series  (less  than  10  patients
ncluded);  and  d)  articles  published  prior  to  2000  to  restrict
he  search  to  the  recent  literature  to  retrieve  updated  costs.

tudy  selection

itles  and  abstracts  of  the  retrieved  records  were  indepen-
ently  reviewed  by  three  researchers  (MP,  GT,  FM)  applying
he  inclusion  and  exclusion  criteria  mentioned  above.  Full
exts  of  the  selected  articles  were  retrieved  and  read  to
etermine  their  eligibility  for  inclusion.  Any  disagreement
etween  authors  was  resolved  by  discussion.

uality  assessment

he  quality  of  the  studies  included  in  the  systematic  review
as  critically  assessed  using  the  Consensus  on  Health  Eco-
omic  Criteria  (CHEC)  list.9 The  assessment  tool  had  19
ndicators,  and  each  indicator  was  assessed  for  every  study
sing  yes  or  no  depending  on  whether  the  required  informa-
ion  was  reported.  The  quality  assessment  was  performed
y  two  independent  authors;  any  disagreement  between  the
uthors  was  resolved  in  a  consensus  meeting.

ata  extraction  and  analysis

or  each  included  study,  two  authors  (MP,  FM)  extracted
nformation  concerning  basic  data  (authors,  year  of  publi-

ation,  country  of  origin,  type  of  study,  medical  procedure,
umber  of  patients,  mean  age,  gender),  methods  (type
f  anesthesia,  anesthetic  drug),  and  outcomes  (average
otal  costs  and  main  findings  regarding  the  cost  analysis).
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nother  author  checked  all  extracted  data  independently
GT).  During  data  extraction  from  the  selected  studies,  the
ollowing  secondary  outcomes  were  judged  interesting  for
he  topic  and  were  also  included:  anesthesia  time,  recov-
ry  time,  time  to  home  readiness,  hospital  stay  time,  and
omplications.

All  currencies  of  the  included  studies  were  converted
o  United  States  dollars  (USD)  according  to  CCEMG  ---  EPPI-
entre  Cost  Converter  v.1.6  (last  update:  29th March  2021,
ttp://eppi.ioe.ac.uk/costconversion/default.aspx).

esults

iterature  search

he  literature  search  from  the  PubMed/MEDLINE,  Cochrane
ENTRAL,  Web  of  Science,  and  Google  Scholar  databases
ielded  a  total  of  1,698  records.  After  reviewing  titles  and
bstracts  and  excluding  those  published  prior  to  2000  and
ot  related  to  the  clinicoeconomic  question,  91  articles
ere  selected.  The  full  text  was  retrieved  for  all.  Follow-

ng  the  eligibility  assessment,  63  articles  did  not  meet  the
nclusion  criteria  and  were  excluded  from  the  systematic
eview.  Of  these,  23  were  excluded  because  not  in  the  out-
atient  setting,  17  were  reviews,  surveys,  or  abstracts,  16
id  not  include  data  on  costs,  6  reported  sparse  data  on  dif-
erent  anesthesia  types  and  medica  procedures  and  1  article
as  a  case  report.  Manual  searches  of  the  reference  lists  of

he  selected  articles  did  not  yield  any  additional  records.
inally,  28  studies  including  27,581  patients  were  identified
s  potentially  relevant  and  were  selected  for  the  system-
tic  review.10---37 All  of  the  included  studies  were  published
n  English.  These  studies  covered  the  period  from  January
000  to  May  2021.  Search  results  and  article  selection  are
isplayed  in  a  PRISMA  flow  chart  (Fig.  1).

elected  studies

he  characteristics  of  the  selected  studies  are  reported  in
able  1.  They  were  conducted  in  various  countries  across  the
orld  (Europe,  North  America,  Oceania,  Africa).  The  sam-
le  size  of  the  included  studies  ranged  from  20  to  14,713
dults  who  underwent  various  medical  procedures  under
eneral  and  local  or  regional  anesthesia  in  an  outpatient
etting.  General  anesthesia  was  compared  to  local  anesthe-
ia  in  15  studies,10,13,14,16---24,27,30,33 to  spinal  anesthesia  in  7
tudies,12,15,25,31,32,34,35 and  to  both  in  5  studies.26,28,29,36,37

edical  procedures  were  different  and  included  laryngo-
lasty,  knee  arthroscopy,  biopsy,  hernia  repair,  hysteroscopy,
nd  others.  Studies  were  included  irrespective  of  the
nduction  method  of  anesthesia  (inhalation,  infusion,
opical).  Regional  anesthetic  techniques  encompassed
xillary  brachial  plexus  block,33 ilioinguinal-hypogratric37

r  paracervical18 or  peripheral24 or  sciatic-femoral23,28,30

erve  block,  and  epidural26 or  spinal15,25,28,29,31,32,34---37 or
ntravenous  regional33 anesthesia.  Thirteen  studies  were
andomized  controlled  trials,12,22,23,25,26,28---32,34,36,37 2  of

hich  were  double-blinded,23,25 and  15  were  observational
ith  a  prospective16,27,33 or  a  retrospective10,11,13---15,17---21,24,35

esign.  The  overall  quality  of  the  included  studies  was
ssessed  with  the  CHEC  list  (Appendix  A).  None  of  the  stud-

8
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Table  1  Included  studies  comparing  costs  of  general  and  local  or  regional  anesthesia  regimen  for  different  outpatient  medical  procedures  in  an  outpatient  setting.

Authors  Year  Country  Study  design  Medical  procedure  Number  of
patients
evaluated

Mean  age
(years)

%  Male

Li  et  al.10 2020  USA  Retrospective,
observational

Anterior  shoulder
stabilization
surgery

7,103  NR  69.4

Bokshan et  al.11 2019  USA Retrospective
analysis

Anterior  Cruciate
Ligament
Reconstruction

14,713  <20  years:
30.4%

59.3

20−29  years:
27.6%
30−39  years:
19.1%
>40  years:
22.9%

Gebhardt
et al.[12]

2018  Germany  Prospective,  RCT  Knee  arthroscopy  50  48.5  64

Hamilton
et al.13

2018  Canada  Retrospective  cohort
study

Shoulder  surgery  1,623  50.5  66.7

Chandran
et al.14,a

2018  Australia  Retrospective,
observational

Injection
laryngoplasty

20  63.08  70

Camponovo
et al.15

2014  Switzerland  Retrospective,
observational

Knee  arthroscopy  56  50  55.3

Penketh
et al.16,b

2014  Canada  Prospective,c

comparative,
observational

Hysteroscopy  118d 56.7d ---

Sivalingam
et al.17

2013  USA  Retrospective,
observational

Ureteral  stent
placement  for
obstructing  stones

119  53.11  44.54

Ahonkallio
et al.18,e

2012  Finland  Retrospective,
observational

Endometrial
thermal  ablation
with  Novasure

36  NR  ---

Covarelli
et al.19,a

2012  Italy  Retrospective,
observational

Sentinel
lymphnodes  biopsy

153  50  52

Stoffels,
et al.20

2011  Germany  Retrospective,
observational

Sentinel
lymphnodes
excision

300  57.7  60.7

Mitchell
et al.21,a

2011  UK  Retrospective,
observational

Sacral  nerve
stimulation

111  56.68  3.33

Kushawaha
et al.22

2008  United  Kingdom  Prospective,  RCT  Open
hemorrhoidectomy

41  52.68  60.97

Mostafa et  al.23 2008  Egypt  Prospective,  Knee  arthroscopy  60  48.33  41.67
Double, blind,  RCT

Horn et  al.24,a 2007  USA  Retrospective,
observational

Upper  extremity
surgical
procedures

213  41.59  55.39
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Authors  Year  Country  Study  design  Medical  procedure  Number  of
patients
evaluated

Mean  age
(years)

%  Male

Nishikawa
et  al.25

2007  Japan  Prospective,  Prostate  biopsy  80  72  ---

Double, blind,  RCT
Nordin

et al.26,a
2007  Sweden  Prospective,  multicenter  Inguinal  hernia

repair
616  56  98

RCT
Spanknebel

et al.27
2006  USA  Prospective,

observational
Thyroidectomy  1,194  49.57  41.09

Casati et  al.28 2004  Italy  Prospective,  Knee  arthroscopy  120  43.5  54.2
RCT

Forssblad
et al.29

2004  Sweden  Prospective,  Knee  arthroscopy  343  NR  NR

RCT
Casati et  al.30 2002  Italy  Prospective,  Knee  arthroscopy  40  48.5  60

RCT
Danelli et  al.31 2002  Italy  Prospective,  Hysteroscopic

ablation  of
endometrial
neoplasm

40  52.50  ---

RCT
Lennox et  al.32 2002  Canada  Prospective,  Gynecologycal

laparoscopy
20  34.5  ---

RCT
Chan et  al.33 2001  Canada  Prospective,

observational
Hand  surgery  126  39.67  62.7

Martikainen
et al.34

2001  Finland  Prospective,  Knee  arthroscopy  60  40.3  55

RCT
Chilvers et  al.35 2000  Canada  Retrospective,

comparative
Gynecologycal
laparoscopic
sterilisation

52  34.46  ---

Li et  al.36 2000  USA  Prospective,  Anorectal  surgery  93  41.33  72.04
RCT

Song et  al.37 2000  USA  Prospective, Unilateral  inguinal
herniorrhaphy

81  39  86.42
RCT

NR, not reported; RCT, randomized controlled trial.
a Day-case setting.
b Day-case setting in the operating room for general and local anesthesia, outpatient setting for local anesthesia.
c Cost analysis is retrospective.
d Refers only to group of patients underwent local anesthesia in outpatient setting.
e Day-case setting for general anesthesia and outpatient setting for paracervical block.
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Figure  1  PRISMA  flow  chart  of  the  r

es  satisfied  at  least  80%  of  the  CHEC  list  criteria,  and  11
tudies  met  less  than  50%  of  the  criteria.  Thus,  overall,  the
ethodological  quality  was  judged  to  be  moderate.

ost  analysis

he  main  findings  of  the  cost  analysis  are  summarized
n  Table  2.  The  average  total  cost  of  anesthesia  per
ase  encompassed  the  perioperative  costs  of  drugs,  staff
abor  and  resources  used,  except  four  studies  that  also
ncluded  the  cost  of  room  management.19,22 Readmissions
nd  complications  were  excluded  from  the  cost  calcu-
ation.  Ten  studies10,11,14,16---18,21,24,26,27 not  reporting  the
verage  total  costs  of  anesthesia  were  also  included,
s  they  compared  the  average  total  costs  of  the  entire
edical  procedure  on  the  basis  of  the  costs  of  the

nesthetic  regimen  used.  None  of  the  selected  studies
eported  data  on  cost-effectiveness  analysis.  Regardless  of
he  medical  procedure,  the  total  costs  were  significan-
ly  higher  for  general  anesthesia  than  local14,16,17,19---22,27
r  regional11,12,15,18,24,25,28,32---34,37 anesthetic  techniques  in
lmost  all  included  studies,  other  than  five  studies  that
eported  no  statistically  significant  difference  between  loco-
egional  and  general  anesthesia.13,23,30,31,35 Only  one  study

p
r
c
t

32
ved,  excluded  and  analyzed  studies.

eported  higher  costs  in  patients  who  received  the  loco-
egional  anesthesia.10 Furthermore,  three  studies  comparing
ll  three  types  of  anesthesia26,29,36 confirmed  the  low-
st  costs  for  medical  procedures  under  local  anesthesia
nd  similar  costs  between  general  and  spinal  or  epidu-
al  anesthesia,26,29 except  one  showing  higher  costs  under
eneral  anesthesia.36 Major  cost  savings  for  medical  pro-
edures  under  local  anesthesia  were  reported  for  ureteral
tent  placement  (74%),17 hysteroscopic  resection  (67%  if
erformed  in  the  office  and  50%  in  the  operating  room),16

nd  anorectal  surgery  under  local  anesthesia  with  sedation
52%)36;  this  last  study  also  included  a  group  undergo-
ng  anorectal  surgery  under  spinal  anesthesia,  for  which
ost  savings  of  only  18%  were  reported  with  respect  to
eneral  anesthesia.  Thus,  anorectal  surgery  under  local
nesthesia  was  associated  with  the  lowest  costs,  mainly
ue  to  the  ability  of  patients  to  bypass  phase  1  recov-
ry  units.36 Cost  savings  of  nearly  40%  were  reported
or  injection  laryngoplasty  under  local  anesthesia,14 knee
rthroscopy  under  spinal  anesthesia12,15 and  endometrial
hermal  ablation  under  paracervical  nerve  block18 com-

ared  to  general  anesthesia.  Significant  cost  savings  in
espect  to  general  anesthesia  were  also  reported  in  anterior
ruciate  ligament  reconstruction11 under  loco-regional  anes-
hesia  and  in  sentinel  lymphnodes  biopsy/excision  under

1
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Table  2  Main  findings  of  the  selected  studies  about  cost  analysis  and  secondary  outcomes.

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Li  et  al.10 NR  3,903  15,670  Loco-regional
anesthesia

NR  1,576  19,929  Average  total
costs  were
significantly
higher  in
patients
undergoing
regional
anesthesia.

Several  other
contributors  to
higher  costs  are
described.

Medical
procedure
costs

Bokshan
et al.11

NR  3,737  19,249  Loco-regional
anesthesia

NR  10,976  17,469  Average  total
costs  were
significantly
lower  in
patients
undergoing
regional
anesthesia.

General
anesthesia,
Hispanic
ethnicity,
Chronic  medical
condition,  male
gender,
operative  time
and  age  are
predictors  of
increased  costs.

Medical
procedure
costs

Gebhardt
et al.12

Sulfentanil
and  Propofol

25  71.92  SA  Chloroprocaine
1%

25  41.02  Anesthesia  costs
are  inferior  in
case  of  regional
anesthesia.

Spinal  had
faster  recovery
with  patients
reaching
discharge
earlier  (117  vs.
142  min)*.  Pain
occurred  earlier
in  the  general
anesthesia
group.  Patients
felt  significantly
more
uncomfortable
after  general
anesthesia.

Anesthesia
costs
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Table  2  (Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Hamilton
et  al.13

Volatile
anesthetics
or
intravenous
with  propofol

241  60  Interscalene
brachial
plexus  single
shot  block,
or  catheter

20---40  mL  of
0.5%
ropivacaine
with
1:400,000
epinephrine

1,382  82  No  statistically
significant
difference
between  groups.

Increased  risk  of
an  emergency
department  visit
within  30  days
for  patients  who
received  a
regional
anesthesia.

Costs
incurred
after  surgery

Chandran
et al.14,a

NR  6  2071  LA  NR  14  1251  Average  total
costs  of
injection
laryngoplasty
under  LA  are
significantly
lower  than
under  GA  with
cost  savings  of
40%.  Major
contributors  are
direct  and
indirect
operating
theater  costs.

Length  of  stay
(h):  8.8  GA  vs
6.4  LA*

Medical
procedure
costs
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Camponovo
et  al.15

Intravenous
propofol  and
fentanyl

28  104  SA  Chloroprocaine
1%

28  63 SA  for  knee
arthroscopy  is
associated
with  cost
reductions  per
patient
compared
with  GA.  Cost
reductions  in
the  SA  group
are  due  to:
the  ability  to
systematically
bypass  the
PACU,  faster
discharge
time,  the
lower
incidence  of
pain  and
postoperative
nausea  and
vomiting.

Anesthesia  time:
64  vs.  62  min.

Anesthesia
supplies,
drugs,  staffDischarge  time:

326  (GA)  vs
203  min  (SA)*

Penketh
et  al.16

NR  NR  1,485  LA  in
operatory
room

NR  NR  LA  in
operatory
room:  716

Operative
hysteroscopic
resection
under  LA  is
less  expensive
than  under
GA,  especially
if  performed
in  the  office
compared  to
the  OR.
Reduced  staff
costs  are  the
primary
reason  for
saving.

NR Medical
procedure
costs

LA in  office  LA  in  office:
482
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Sivalingam
et  al.17

NR  73  30,060  LA  Lidocaine
1%b

46  7,770  Average  total
cost  is  nearly  4
times  greater
for  the  GA  group
compared  to  LA.
Ureteral  stent
placement  can
be  safely  and
effectively
performed
under  LA  in  the
office.

No  difference  in
complications
between  GA  and
LA.

Medical
procedure
costs

Ahonkallio
et al.18,c

NR  20  2,333  Peripheral
block

20  mL
ropivacaine
2 mg  mL−1,d

16  1,333  Endometrial
thermal  ablation
under  PB  is
cheaper  than  GA
and  results  in
significantly
reduced  health
service  costs.
The  difference
is  due  to  lower
costs  of  the
hospital  ward
and  anesthesia,
and  partly  to
overhead  costs.

NR  Medical
procedure
costs

Covarelli
et al.19,a

NR  41  373  LA  10−25  mL  1%
mepivacaine
and  0.5%  L-
bupicavaine
in  equal
parts

112  258  Average  total
costs  for  groin
and  axillary
sentinel  lymph
node  biopsy
under  GA  are
significantly
higher  than
those  under  LA.

No  differences
in  the  number  of
complications.

Operating
room  mana-
gement,
personnel,
drugs,
instruments
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Stoffels
et  al.20

NR  89  500  LA  450  mL
physiological
solution,
50  mL
Lidocain  1%,
0.5  mg
Epinephrin

211  47  The  costs  were
significantly  less
in a  procedures
room  performed
under  local
anesthesia
compared  to
general
anesthesia  in  an
operating  room.

No  differences
in  the  number
of  postoperative
complications
nor  in
oncological
outcomes.

Anesthesia
costs

Mitchell
et al.21,a

NR  64  1,244  LA  NR  47  1,026 Sacral  nerve
stimulation
under  LA  is
associated
with  reduced
costs
compared  to
GA.

LA  is  associated
with  shorter
hospital  staye

and  quicker
recovery.

Medical
procedure
costs

Similar  symptom
score  and
success  rate  for
both  anesthesia.

Kushwaha
et al.22

Propofol
1.5−2 mg  kg−1

and  fentanyl
10  �g  kg−1

with
sevofluranef

22  714  LA  20  mL  1%
lidocaine
with
1:10,000
epinephrine

19  503  Excluding  the
cost  of
post-operative
follow-up,  LA
was  1.5  times
cheaper  than
GA.  This
difference  is
due  to  the
saving  in  GA  and
recovery  room
costs.

LA  is  associated
with  similar
tolerance  and
clinical  outcome
compared  to
GA.

Suture
materials,
drugs,  day
surgery  bed,
staff  costs,
recovery
room,  post-
operative
medication.
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Mostafa
et  al.23

Intravenous
remifentanil
0.5  �g  kg−1 min−1

or  alfentanil
2 �g  kg−1 min−1

and  propofol
9  mg  kg−1

h−1

40  492  for
remifentanil

Sciatic-
femoral
nerve  block

25  mL
ropivacaine

20  393 Costs  of
disposals,
pre-operative
and  post-
operative
times  are
higher  for  the
sciatic-
femoral  block
group,
however
average  total
costs
(including  also
drugs)  are
insignificant
between  GA
and  sciatic-
femoral  nerve
block.

Length  of  stay
in  PACU:
28  min  for
remifentanil
GA  vs  25  min
for  alfentanil
GA  vs  28  for
sciatic-
femoral  nerve
block

Disposal,
drugs,  staff

541 for
alfentanil

Horn
et al.24,a

Propofol  with
sevoflurane
or
desflurane,
fentanyl  or
sufentanyl

121  4,780 Peripheral
nerve  block

Mepivacaine
1.5%  with
10%  sodium
bicarbonate

92  3,656  Perioperative
costs  in  the
peripheral  nerve
block  group  are
significantly
lower  than  in
the  GA  group.

PACU  time:
49  min  (GA)  vs
15  min  (PNB)*

Medical
procedure
costs
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

The  use  of
peripheral  nerve
block  in  upper
extremity
surgery  is
feasible  and
associated  to
significant  cost
savings.

Postoperative
complications:
11.7%  (GA)  vs
3.3%  (PNB)*

Nishikawa
et  al.25

Intravenous
fentanyl
1  �g  kg−1 and
propofol
6  mg  kg−1 h−1

40  74  SA Lidocaine  1%
1 m  L

40  49 Average  total
costs  are
significantly
lower  in  the
SA group.
Costs  of
drugs  and
supplies  used
in  the
operatory
room  are
reduced  for
the  SA,
whereas  the
labor  costs
are  higher  in
both
operatory
room  and
recovery
unit.

Time  to
home-readiness:
30  min  (GA)  vs
38  min  (SA)*

Drugs,
equipment,
staff

No  pain  in  the
recovery  unit
for  75%  patients
in GA  vs  80%
patients  SA
groups.  *

SA  may  be  a
suitable
cost-effective
alternative  to
GA  for  elderly
ambulatory
prostate  biopsy.

No  adverse
events  at  home.
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis  (primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Nordin
et  al.26,a

NR  199  2,964  SA/epidural
anesthesia

SA/epidural
anesthesia:
NR

SA/epidural
anesthesia:
164/35  =  199

SA/epidural
anesthesia:
3,010

Average  total
costs  of  LA  are
significantly
lower  than  the
other  two
groups.
Intra-operative
(anesthetic
equipment,
duration  of
surgery  and
anesthesia)
and
post-operative
(time  in
recovery
room,
unplanned
overnight
admission)
costs  are
reduced  for  LA
compared  to
SA/epidural
anesthesia  and
GA.  No
difference
between
SA/epidural
anesthesia  and
GA.

NR Medical
procedure
costs

LA LA:  50:50
mixture  of  1%
mepivacaine
and  0.5%
bupicavaine

LA:  205  LA:  2,508

Spanknebel
et al.27

NR  85  3,153  LA  Lidocaine
and
bupicavaine

217  2,760  Average  total
costs  are
significantly
higher  for  GA  than
LA.  Extensive
procedures  and
increased
operating  room
times  impact
significantly  on
costs.

Thyroidectomy
under  LA  results
in  similar
outcome  and
morbidity  rate
to  GA  with
reduced  costs.

Medical
procedure
costs
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Casati
et  al.28

Intravenous
remifentanil
0.1−0.3  �g  kg−1 min−1

and  propofol
2−4  �g  mL−1

40  317  sciatic-
femoral
nerve  block
SA

sciatic-
femoral
nerve  block:
25  mL  2%
mepivacaine

sciatic-
femoral
nerve  block:
40

sciatic-
femoral
nerve  block:
220

The  use  of
sciatic-femoral
nerve  block
results  in  the
lowest  total
costs.  Costs  of
drugs  and
disposable
material
required  for
anesthesia  are
lower  in  the  SA
group  than  the
others.

Regional
anesthesia
techniques
reduce  the  rate
of admission  and
the  duration  of
stay  in  the  PACU
as  compared  with
GA.

Drugs,
devices,  staff

SA: 8  mg  0.5%
bupicavaine

SA:  40  SA:  308  The  time
readiness  for
home  discharge
are  shorter  in  the
GA  group  than
regional
anesthesia.

Forssblad
et al.29

Propofol  and
alfentanil

88  236  LA  LA:  30  mL
0.5%
prilocaine
with
4  �g  mL−1

adrenaline

LA:  181  LA:  76 The  knee
arthroscopy  in
LA is  associated
with  lower  cost
than  knee
arthroscopy  in
SA and  GA,
because  of  the
shorter  recovery
time  of  LA  that
reduces  the
need  for
recovery  beds
and
postoperative
care.

Recovery  time:
139.1  min  (GA)  vs
33.6  min  (LA)  vs
230.1  min  (SA).

Drugs,
devices,  staff
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

SA  SA:
60−90  mg  5%
lidocaine
with
5−10  mg
ephedrine

SA:  74  SA:  219  Time  in  hospital:
280.4  min  (GA)
vs  130.4  min
(LA)  vs
350.3  min  (SA)

Casati
et al.30

Intravenous
remifentanil
0.1−0.3  �g  kg−1 min−1

and  propofol
2−4  �g  mL−1

20  291 Sciatic-
femoral
nerve  block

25  mL  2%
mepivacaine

20  288 Average  total
costs  between  GA
group  and
sciatic-femoral
block  group  in
patients
undergoing  knee
arthroscopy  are
not  statistically
significant.  Costs
related  to  the
time  spent  in  the
PACU  are
statistically
significant  lower
for  the
sciatic-femoral
block  group  (USD
2.0)  compared
with  the  GA  group
(USD  55.7).

Time  in  the
hospital:
170  min  (GA)  vs
277  min
(Sciatic-femoral
block)*

Disposable
materials,
drugs,  staff

Length  of  stay  in
PACU:  23  min
(GA)  vs  5  min*
VAS  pain:  7  (GA)
vs  0*

Danelli
et  al.31

Intravenous
remifentanil
0.25  �g  kg−1 min−1

and  propofol
4  �g  mL−1

20  260  SA 10  mg  0.5%
bupivacaine

20  282 No
differences
in  average
total  costs
between  the
two  groups.

Hospital
discharge  time:
156  min  (GA)  vs
296  min  (SA)*

Disposable
materials,
drugs,  staff
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Pain  control  is
similar.

Lennox
et al.32

Fentanyl
2  �g  kg−1 and
propofol
2  mg  kg−1,
65%  nitrous
oxide

10  127  SA 3  mL  10  mg
lidocaine  and
10  �g
sufentanil

10  94 Average  total
cost  of
anesthesia
and  recovery
is
significantly
less  for
patients  in
the  SA  group
than  the  GA
group.
Recovery
costs  are
similar,
whereas
mean  costs
of  anesthesia
is
significantly
less  in  the  SA
group.  Cost
savings  are
due  to  lower
cost  of
anesthetic
supplies,
sterilization,
drugs.

Anesthesia  time:
6.6  min  (GA)  vs
6.6  min  (SA)

Supplies,
drugs,  staff

PACU  time:
112  min  (GA)  vs
101  min  (SA)
Postoperative
pain:  50%  (GA)
vs  0%  (SA)*
Nausea/vomiting:
0%  (GA)  vs  30%
(SA)
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Chan  et  al.33 Propofol,
fentanyl,
with
isoflurane
(up  to  1.5%),
60%  nitrous
oxide

39  718  Intravenous
regional
anesthesia

Intravenous
regional
anesthesia:
35−45  mL
0.5%
lidocaine

Intravenous
regional
anesthesia:
45

Intravenous
regional
anesthesia:
513

The  intra-
and  post-
operative
costs  are  the
least  in  the
intravenous
regional
anesthesia
group  than
GA  and
axillary
block,
reflecting
cost  savings
of  approxi-
mately  30%
in both
cases.
intravenous
regional
anesthesia  is
associated
with  short
induction
time,  lower
anesthetic
drug  and
equipment
costs  in  the
operatory
room,  and
with  less
demand  on
nursing  time
and  lower
drug  and
supply  costs
in the  PACU.

Total  hospital
stay  time:
240  min  (GA)  vs
180  min
(intravenous
regional
anesthesia)*  vs
244  min  (axillary
block)

Disposable
materials,
drugs,  staff

Axillary block Axillary
block:
40−50  mL  3%
chloropro-
caine  and  2%
or  1.5%
lidocaine
with
1:200,000
epinephrine

Axillary
block:  42

Axillary
block:  755

Anesthesia
time:  83  min
(GA)  vs  72  min
(intravenous
regional
anesthesia)*  vs
106  min  (axillary
block)
PACU  recovery
time:  70  min
(GA)  vs  45  min
(intravenous
regional
anesthesia)*  vs
63 min  (axillary
block)
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Martikainen
et  al.34

Intravenous
propofol
2  mg  kg−1 and
alfentanil
1 mg  with
sevoflurane
(up  to  8%)

30  333  SA  3  mL  2%
lidocaine

30  293 Average  total
costs  are
significantly
reduced  for
SA.  However,
GA  is  more
cost-
effective
than  SA  in
ambulatory
knee  surgery,
if  a  short
recovery  unit
time  is
required.

Recovery  unit
time:  218  min
(GA)  vs  224  min
(SA)

Disposable
materials,
drugs,  staff

Time  to
home-readiness:
96.4  min  (GA)  vs
140.8  min  (SA)*
Post-operative
pain  low  (VAS  <  4
in 100%  patients
in SA  vs  in  86.7%
in  GA  groups).

Chilvers
et al.35

Propofol,
fentanyl  or
sufentanil,
and
mivacurium
or  succinyl-
choline,  with
isoflurane
nitrous  oxide

28  99  SA 2−2.5  mL  1%
lidocaine  and
10−25 �g
fentanyl

24  107 Average  total
costs  for
anesthesia
and  recovery
are  similar
between  the
two  groups.
Use  of  SA  in
alternative
to  GA  does
not  reduce
costs  or
improve
efficacy  of
anesthesia
and  recovery
for
outpatient
laparoscopy.

Anesthesia  time:
10  min  (GA)  vs
18  min  (SA)*

Disposable
materials,
drugs,  staff

PACU  recovery
time:  94  min
(GA)  vs  123  min
(SA)*
Time  to
discharge:
124  min  (GA)  vs
150  min  (SA)
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Li  et  al.36 Intravenous
propofol
2.5  mg  kg−1,
fentanyl
1−2  �g  kg−1

with  0.5−2%
sevoflurane,
65% nitrous
oxide

31  289  SA SA:  30  mg
lidocaine  and
20  �g
fentanylg

SA:  31  SA:  208 Average  total
costs  are
significantly
decreased
for  LA  than
SA  and  GA
because  both
intraopera-
tive  and
recovery
costs  are  the
lowest.
Patients  in
the  LA  group
are  able  to
by-pass
phase  1
recovery  unit
requiring  less
nursing  labor
(thus  less
costs).  GA  is
associated  to
the  highest
costs.

Anesthesia  time:
40  min  (LA)  vs
72  min  (SA)*  vs
75  min  (GA)*

Drugs,
supplies,
staff

LA with
sedation

LA:  31  LA:  138  Phase  1  stay:  0
(LA)  vs  52  min
(SA)*  vs  44  min
(GA)*

LA:  topical
2%  lidocaine
gel  and
sedation-
analgesia
with  propofol
75  �g  kg−1 min−1

and
0.5  �g  kg−1

fentanyl.
15  mL  2%
lidocaine,
15  mL  0.5%
bupicavaine,
0.5%
epinephrine
(1:200,000)

Time  to
home-readiness:
76  min  (LA)  vs
193  min  (SA)*  vs
171  min  (GA)*

Hospital  stay:
116  min  (LA)  vs
266  min  (SA)*  vs
247  min  (GA)*
No  differences
in
post-operative
side  effects  or
unanticipated
hospitalizations.

Song et  al.37 Propofol
2.5  mg  kg−1 min−1

1%
sevoflurane,
65%  nitrous
oxide

28  369  SA  SA:
1.2−1.5  mL
0.75%
bupicavaine
and  25  �g
fentanyl

SA:  25  SA:  330  Average  total  costs
are  the  lowest  for
the  ilioinguinal-
hypogastric  nerve
block  group
(reduced  supplies
during  the
intraoperative
period,  reduced
labor  during
post-operative
period).  No
difference
between  GA  and
SA.

Anesthesia
time:  109  min
(ilioinguinal
block)  vs  119
(GA)  vs  116  (SA)

Drugs,  staff,
resources
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings  (secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Ilioinguinal-
hypogastric
nerve  block

Ilioinguinal-
hypogastric
nerve  block:
30  mL  of
0.25%
bupivacaine,
1%  lidocaine
and  propofol
25−150  �g  kg−1 min−1

Ilioinguinal-
hypogastric
nerve  block:
28

Ilioinguinal-
hypogastric
nerve  block:
288

Ilioinguinal-
hypogastric
nerve  block
is the  most
cost-
effective
techniques
for
outpatients
undergoing
unilateral
herniorrha-
phy  with
respect  to
recovery,
patient
comfort,  and
associated
incremental
costs.

Phase  1  PACU:
5 min  (ilioinguinal
block)  vs  40  (GA)*
vs  35  (SA)*
Phase  2  unit:
153  min
(ilioinguinal  block)
vs  168  (GA)  vs  276
(SA)*
Time  to
home-readiness:
133  min
(ilioinguinal  block)
vs  171  (GA)*  vs  280
(SA)*
Time  to  actual
discharge:  158  min
(ilioinguinal  block)
vs  208  (GA)*  vs  309
(SA)*
Maximum  pain  VAS:
15  (ilioinguinal
block)  vs  39  (GA)*
vs  (34)  SA*
Maximum  nausea
VAS:  1  (ilioinguinal
block)  vs  27  (GA)*
vs  4  (SA)*

NR, not reported; PACU, post-operative anesthesia care unit. Currency is expressed with United States dollars (USD). Type of anesthesia:  GA, general anesthesia; LA, local anesthesia;
SA, spinal anesthesia.

a Day-case setting.
b Four patients received also i.v. midazolam.
c Day-case setting (8 h) for general anesthesia and outpatient setting (4 h) for paracervical block.
d When necessary also Alfentanil 0.5 mg.
e Overnight stay for 38% of patients of the GA group due to adverse effects of the anesthesia.
f This group received also a perianal block as for the LA group.
g Patients received also 1−2 mg midazolam i.v. for sedation.
* Statistically significant.
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ocal  anesthesia.19,20 Reduced  staff  costs16,33,36 and  drugs  or
upplies,18,20,25,26,32,33,37 ability  to  bypass  the  postoperative
ACU  or  phase  1  recovery  unit,15,24,36 and  shorter  recovery
ime12,22,26,28,29,37 are  the  main  anesthetic  procedure  factors
ssociated  with  health  care  cost  reductions.

Among  studies  comparing  different  types  of  regional
nesthesia,  two  randomized  trials  found  spinal  anesthe-
ia  to  be  more  expensive  than  both  sciatic-femoral  nerve
locks  in  patients  undergoing  knee  arthroscopy,28 even
f  the  costs  of  drugs  and  disposables  were  lower,  and
lioinguinal-hypogastric  nerve  block  for  unilateral  inguinal
erniorrhaphy37 and  reduced  PACU  costs  were  the  primary
easons  for  this  difference  for  both  surgeries.  Chan  et  al.33

ound  that  intravenous  regional  anesthesia  decreased  costs
f  30%  compared  to  axillary  brachial  plexus  block  due  to
horter  induction  time  and  lower  drug  and  supply  require-
ents.  Two  studies  which  used  treatment  codes  for  patient

election  did  not  specify  the  type  of  peripheral  block
erformed.10,11

Contrasting  results  were  achieved  by  analyzing  the  costs
f  a  subgroup  of  studies  focusing  on  knee  arthroscopy,  which
as  investigated  in  6  randomized  clinical  trials12,23,28---30,34

nd  in  one  retrospective  observational  study.15 Cost  advan-
ages  were  demonstrated  for  regional  anesthesia12,15,28,34 in
alf  of  the  studies,  but  similar  costs  were  found  in  the  other
wo  trials.23,30 The  remaining  study29 confirmed  that  there
as  no  statistically  significant  difference  between  spinal  and
eneral  anesthesia  but  found  reduced  costs  only  for  knee
rthroscopy  under  local  anesthesia.  Reduced  drugs  and/or
isposable  materials  and  recovery  time  were  associated  with
ost  savings,  further  supporting  the  overall  results  of  this
ystematic  review.

econdary  outcomes

welve  trials12,14,15,21,28---31,33,35---37 reported  data  on  the  dura-
ion  of  hospital  stay;  all  studies  found  a  shorter  length  of  stay
or  local14,21,29,36 or  regional12,15,30,31,33,37 anesthesia,  except
ne  that  did  not  reveal  any  difference.35

Postanesthesia  recovery  time  was  investigated  in
2  studies.12,21,23,24,28---30,32---35,37 Local  or  regional  anes-
hesia  techniques  significantly  decreased  the  PACU
ime.12,21,24,28---30,33,35,37 In  particular,  Song  et  al.37 showed
hat  patients  undergoing  ilioinguinal-hypogastric  nerve
lock  spent  less  time  in  the  phase  1  PACU  (5  minutes)
ompared  to  patients  operated  on  under  general  anesthesia
40  minutes)  but  also  than  patients  undergoing  spinal
35  minutes)  anesthesia;  moreover,  these  latter  techniques
equired  more  time  to  recover  in  the  phase  2  unit  than  the
ther  two  techniques.  Thus,  ilioinguinal-hypogastric  nerve
lock  was  associated  with  lower  costs  than  the  spinal  tech-
ique  as  regional  anesthesia  for  unilateral  herniorrhaphy.
o  difference  in  the  duration  of  recovery  stay  was  found  in
hree  studies.23,32,34 Time  readiness  for  home  discharge  was
ignificantly  shorter  for  general  anesthesia  in  325,28,34 out  5
tudies  reporting  this  datum.25,28,34,36,37
Data  on  anesthesia  time  conflicted  with  three  studies
eporting  lower  times  for  local  and  regional  techniques33,35,36

nd  three15,32,37 finding  no  statistically  significant  differ-
nce.

a
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The  overall  rates  of  complications  or  side  effects
nd  clinical  outcomes  were  similar12,13,17,19---22,25,36 or  more
avorable15,24,30,32,37 for  medical  procedures  under  local  or
egional  anesthesia.

iscussion

he  vast  majority  of  the  studies  included  in  this  systematic
eview  were  concordant  in  showing  an  association  between
ocal  or  regional  anesthesia  and  lower  perioperative  costs,
egardless  of  the  surgical  procedure.11,12,14---30,32---34,36,37 This
s  consistent  with  data  identifying  in  the  operating  room
ime  the  major  fixed  cost  incurred  during  the  perioperative
rocess.2 The  anesthesia-controlled  operating  room  time
as  defined  as  the  portion  of  this  time  required  by  the  anes-

hesiologist  to  perform  the  anesthesia  technique  of  choice.
hen  this  time  is  reduced,  overall  hospital  costs  decrease.
e  know  that  regional  anesthesia  is  associated  with  a  reduc-

ion  in  anesthesia-controlled  operating  room  time,  fastening
oth  the  induction  and  postoperative  phases.5 Our  main
nding  is  that  local  anesthesia  is  associated  with  a  greater
eduction  in  total  costs  further  confirms  the  hypothesis  of

 reduction  in  anesthesia-controlled  operating  room  time
s  the  main  factor  affecting  the  overall  total  cost  reduc-
ion  observed,  as  local  infiltrative  anesthesia  requires,  on
verage,  less  time  to  be  performed.

Only  two  studies23,30 found  the  cost  profile  of  periph-
ral  nerve  block-based  anesthesia  to  be  similar  to  that  of
eneral  anesthesia  regarding  sciatic  nerve  block.  A  possible
xplanation  can  be  that  sciatic  nerve  block  is  a  so-called
‘deep  block’’,  i.e.,  an  advanced  block,  requiring  more  skills
nd  possibly  more  time  to  be  performed  than  other  periph-
ral  nerve  blocks  usually  applied  in  the  outpatient  setting.
arhofer  et  al.38 describes  well  the  relative  difficulty  in  the

ocalization  of  the  nerve  and  the  surrounding  anatomical
tructures  due  to  their  depth.  However,  Ehlers  et  al.39 and
arhofer40 have  also  shown  that  this  block  may  be  associated
ith  a  faster  onset  and  higher  efficacy  when  ultrasound-
uided  compared  to  nerve  stimulation  guidance.  It  remains
o  be  demonstrated  that  these  advantages  actually  translate
nto  increased  cost-effectiveness  when  compared  to  general
nesthesia  or  other  techniques  in  the  ambulatory  setting.

The  second  factor  with  a  known  impact  on  the  peri-
perative  process  total  costs  is  the  PACU  bypass  rate  or
he  recovery  time  when  the  patient  requires  postoperative
upervision.  The  PACU  is  a  highly  work-intensive  environ-
ent  whose  fixed  cost  is  relevant.2 Total  cost  reduction  may
e  achieved  in  case  of  a  consistently  high  PACU  bypass  rate
y  a  reduction  in  nurses  equivalent  staff  required.23,30 Our
esults  confirm  regional  and  local  anesthesia  techniques  to
e  associated  with  a  higher  PACU  bypass  rate  and  a  lower
ecovery  time  in  comparison  to  general  anesthesia.

The  third  factor  that  affects  average  total  costs  is  the
ime  to  readiness  for  discharge,  directly  affecting  the  day-
ospital  length  of  stay.  As  discussed  above,  the  overall
ay-hospital  length  of  stay  represents  a  significant  fixed
ost  in  the  ambulatory  perioperative  process.4 Regional

nesthesia  has  been  associated  with  a  lower  incidence
f  postoperative  anesthesia-related  complications  and  side
ffects,  translating  into  a  quicker  functional  recovery  and  a
ower  time  to  discharge.3
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V.  Graff,  L.  Gabu

In  general,  we  can  conclude  that  local  and  regional  anes-
hesia  is  associated  with  lower  total  hospital  costs  when
erformed  in  the  ambulatory  setting.  It  is  likely  due  to  three
actors:  a  reduction  in  total  anesthesia-controlled  operat-
ng  room  time,  a  reduction  in  postanesthesia  recovery  time
nd  an  overall  shorter  length  of  stay.  These  results  apply  to
ontexts  where  regional  anesthesia  can  be  performed  regu-
arly  and  systematically  and  where  dedicated  pathways  are
n  place  to  enhance  patient  turnover  in  the  outpatient  set-
ing,  which  is  often  the  case  in  ambulatory  surgical  centers.
ndeed,  as  stated  by  Philip  and  colleagues,  a  higher  PACU
ypass  rate  will  only  generate  cost  savings  if  utilization  actu-
lly  increases  or  staffing  actually  decreases.23,30 Moreover,
he  reduction  in  anesthesia-controlled  operating  room  time
er  procedure  is  a  few  minutes  and  thus  becomes  signifi-
ant  only  if  many  ambulatory  procedures  are  performed  in

 given  program  and  if  an  induction  room  allows  for  per-
orming  the  following  block  while  the  previous  patient  is
till  undergoing  surgery.5 Cost-effectiveness  comparisons  of
ifferent  anesthesia  techniques  are  dependent  on  the  sur-
ical  duration  of  the  case.41,42 Schuster  et  al.,41 in  2005,
erforming  a  regression  function,  demonstrated  that  the
dvantage  of  spinal  anesthesia  over  general  anesthesia  in
erms  of  operating  room  total  fix  costs  reduction  can  be  esti-
ated  to  be  13%  for  a  50  minutes  case,  9%  for  a  100  minutes

ase,  and  5%  for  a  200  minutes  case.23,30 These  data  highlight
he  fact  that  regional  anesthesia  cost-effectiveness  depends
n  patient  turnover  and  is  higher  in  contexts  characterized
y  high  turnover  and  high  case  load  per  operating  room,  such
s  ambulatory  surgery.

Our  systematic  review  has  some  limitations.  Hetero-
eneity  among  studies  may  represent  a  potential  source  of
ias  in  a  systematic  review.  This  heterogeneity  is  likely  to
rise  through  baseline  differences  among  the  patients  in
he  included  studies,  diversity  in  methodological  aspects
etween  different  studies,  and  different  study  quality.
e  detected  significant  heterogeneity  and  poor  quality  of
esign  among  several  studies  in  our  systematic  review.  How-
ver,  we  used  the  CHEC  list  to  assess  the  methodological
obustness  of  the  studies,  and  some  of  the  criteria  were  not
roperly  applicable  to  all  studies  since  most  of  them  were
ost-minimization  analyses.  The  meta-analysis  was  substan-
ially  hampered  by  the  presence  of  this  heterogeneity,  which
ould  make  it  challenging  to  compare  the  studies.  Hetero-
eneity  was  also  present  in  estimates  of  savings,  which  vary
idely  and  may  be  explained  by  several  reasons,  such  as

mplementation  differences,  hospital  setting,  and  patient
ix.  These  analyses  are  often  not  comparable  among  pub-

ished  studies  due  to  variations  in  the  type  of  cost  data
nd  accounting  practices  used.  Such  limitations  preclude  the
ossibility  to  estimate  an  effect  size.

Our  literature  search  was  carried  out  on  four  major
edical  databases  that  should  provide  robust  and  reliable

earch  results.  The  inclusion  of  other  sources  might  refine
ur  search  strategy,  specifically  the  inclusion  of  specialized
atabases  (i.e.,  NHS  Economic  Evaluation  Database).  More-
ver,  we  selected  studies  published  since  2000  to  be  sure  to
nclude  only  the  most  recent  and  updated  data  about  costs.

owever,  problems  with  the  breadth  of  costs  and  outcomes
onsidered  exist  in  all  the  studies.  Last,  none  of  the  included
tudies  was  a  cost-effectiveness  analysis;  thus,  comparing
he  relative  costs  and  outcomes  of  the  two  different  anes-
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hesia  regimens  and  estimating  the  possible  healthcare  gains
ere  not  feasible.  This  means  that  the  robustness  of  the

esults  and  conclusions  about  the  impact  of  the  anesthesia
egimen  on  the  average  total  costs  is  uncertain.  Hence,  a
ost-effective  analysis  is  necessary  to  undertake  an  assess-
ent  of  both  costs  and  effectiveness  and  to  determine  which

nesthesia  regimen  is  the  most  cost-effective  procedure  for
nsuring  that  resources  are  being  used  wisely.

onclusions

espite  the  limitations  of  this  systematic  review,  mainly
he  heterogeneity  of  the  studies  and  the  lack  of  cost-
ffectiveness  analysis,  the  economic  impact  of  the
nesthesia  regimes  on  healthcare  costs  appears  to  be  rel-
vant  and  should  be  further  evaluated.
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TaggedPAbstract
The prone position is extensively used to improve oxygenation in patients with severe acute
respiratory distress syndrome caused by SARS-CoV-2 pneumonia. Occasionally, these patients
exhibit cardiac and respiratory functions so severely compromised they cannot tolerate lying in
the supine position, not even for the time required to insert a central venous catheter. The
authors describe three cases of successful ultrasound-guided internal jugular vein cannulation in
prone position. The alternative approach here described enables greater safety and well-being
for the patient, reduces the number of episodes of decompensation, and risk of tracheal extuba-
tion and loss of in-situ vascular lines.
© 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
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Central venous
catheter;
Internal jugular vein;
Prone position;
SARS-CoV-2
pneumonia;
Case reportTaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPThe prone position is a widely used measure to improve oxy-
genation during severe Acute Respiratory Distress Syndrome
(ARDS) treatment, enhancing patient survival rates.1 During
the COVID-19 pandemic, we have often observed Intensive
Care Units (ICU) overcrowded with patients in prone posi-
tion.2 COVID-19 patients often require intravenous adminis-
tration of several drugs and vasopressors; therefore, they
require the placement of a central venous line. In a patient
in prone position, the Internal Jugular Vein (IJV) is the only
feasible venous access for ultrasound-guided placement of a
M. Lima).

.10.008
a de Anestesiologia. Published by E
ns.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPCentral Venous Catheter (CVC). The existing literature deal-
ing with the insertion of a CVC in the patient in prone posi-
tion is scarce,3,4 and it reports few cases in the
perioperative and ICU settings. In some of these reports, the
placement of central venous lines in patients in prone posi-
tion is even described by the authors as a last resort. TaggedEnd

TaggedPThe present report aims to describe the use of ultrasonogra-
phy for inserting a central venous catheter in the internal jugu-
lar vein of patients in prone position, and the feasibility of this
approach in ICU and Operating Room (OR) current practice.TaggedEnd
TaggedH1Case reports TaggedEnd

TaggedPPatient 1: Female, 51 years old, American Society of Anes-
thesiologists (ASA) physical status II, past medical history of
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TaggedEndTaggedPHigh Blood Pressure (HBP), depressive disorder and dyslipi-
demia. She was admitted to the ICU for SARS-CoV-2 pneumo-
nia with severe hypoxemic respiratory failure. Shortly after
admission, she was submitted to urgent tracheal intubation
and mechanical ventilation, but due to hypoxemia severity,
she was immediately placed in prone position and ventilated
with an inspired oxygen fraction (FiO2) of 1.0, with subse-
quent improvement of oxygenation. TaggedEnd

TaggedPPatient 2: Male, 64 years old, physical status ASA III, past
medical history of HBP, type 2 Diabetes Mellitus (DM2), dysli-
pidemia, obesity, smoker, severe obstructive sleep apnea
syndrome, and cerebrovascular disease. He had been in the
ICU for 15 days for SARS-CoV-2 pneumonia, with bacterial
superinfection, severe ARDS, and extremely low lung com-
pliance. He had a right subclavian vein CVC in situ for
14 days and showed evident worsening of inflammatory
markers (Procalcitonin and C-Reactive Protein). TaggedEnd

TaggedPPatient 3: Male, 71 years old, physical status ASA III, past
medical history of HBP, insulin dependent DM2, and chronic
kidney disease status III. He had been in the ICU for 21 days
due to SARS-CoV-2 pneumonia, with bacterial superinfection
and severe ARDS. He had a right IJV CVC in situ for 12 days,
with evident inflammatory signs at the catheter insertion
site and showed worsening of inflammatory markers. TaggedEnd

TaggedPAll three patients were unable to tolerate the supine
position. After emergency tracheal intubation of Patient 1,
her severe clinical instability did not allow keeping her in
supine position for the time requested for the placement of
a CVC. Patients with severe ARDS generally are kept in prone
position for periods of 16 to 20 hours daily,1 but Patients 2
and 3 were kept in the prone position continuously for peri-
ods of more than 48 hours, because they could not tolerate
the supine position. Prior attempts to switch to supine posi-
tion, precipitated severe hypoxemia (peripheral oxygen sat-
uration less than 50%) and hemodynamic instability
(hypotension and dysrhythmias). Patient 3 even presented a
peri-arrest period, with extreme bradycardia associated
TaggedFigure

Figure 1 A, Positioning of the patient for CVC placement in the
approach; C, Direct ultrasound image of needle insertion during in-p
domastoid Muscle; IJV, Internal Jugular Vein; CA, Carotid Artery; """
Parede lateral da IJV = IJV lateral wall
TaggedEnd
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TaggedEndTaggedPwith severe hypotension. Given the worsening clinical status
and suspected infection of Patients 2 and 3, requiring antibi-
otic therapy adjustment, we decided to replace the central
venous catheter immediately, and with the patients in prone
position. TaggedEnd

TaggedPInserting CVC in the right IJV in two of the three patients
would be feasible, but we decided to place the catheter in
the left IJV in all patients. The rationale was the lower theo-
retical risk of inadvertent entry of the guidewire into the
right ventricle, with the risk of cardiac arrhythmias and
eventual cardiac arrest in a patient in prone position and
already receiving inotropics, that are potentially arrhythmo-
genic drugs. TaggedEnd

TaggedPFor CVC placement in the IJV, we turned the heads of the
patients to the left and after verifying orotracheal tube posi-
tioning, we firmly secured it. To ensure better neck exposure
and capturing of ultrasound images of cervical structures,
we applied a slight elevation of the trunk with a pillow,
extended the neck, applied traction over the ipsilateral
shoulder with adhesive tape (or help from a collaborator),
and tilted the bed to 15° Trendelenburg (Fig. 1A). TaggedEnd

TaggedPUS machines used were the LogiqTM P9 (GE Healthcare)
with a linear probe (6−12 MHz) and the Siemens AcusonTM

X600, with a linear probe (5−10 MHz). Maintaining an asep-
tic technique, the operator was positioned at the patient's
head. The US machine screen was placed on the patient's
side and facing the operator, ensuring ideal ultrasound ergo-
nomics and optimal hand-eye coordination for performing
the technique. TaggedEnd

TaggedPThe probe was initially placed on the lateral side of the
patient's neck, in a transverse plane, enabling the identifica-
tion of the Sternocleidomastoid Muscle (SCM), the Carotid
Artery (CA) and the IJV. Compared to CA, the IJV image is a
hypoechoic, non-pulsatile and more collapsible structure.
IJV size varies among patients and is highly dependent on
intravascular volume status. Before IJV puncture, we moved
the probe caudally, from the base of the mandible to the
prone position; B, anatomical US landmarks of the out-of-plane
lane approach. CVC, Central Venous Catheter; SCM, Sternoclei-
", needle; M, Medial; L, Lateral.



TaggedFigure

Figure 2 A, Probe orientation for the out-of-plane approach to confirm the correct position of the CVC; B, Probe orientation for the
in-plane approach to confirm the correct position of the CVC; C, Direct ultrasound image of the CVC inserted inside the IJV in the in-
plane approach. CVC, Central Venous Catheter; EJV, External Jugular Vein; IJV, Internal Jugular Vein; CA, Carotid Artery; """", Cen-
tral Venous Catheter. TaggedEnd

TaggedEndB.M. Lima and L. Cheung
TaggedEndTaggedPbase of the neck and performed a careful analysis of the ana-
tomical relationship between the IJV and the Internal
Carotid Artery, and confirmed IJV trajectory and patency. TaggedEnd

TaggedPWhen performing the anterior approach with the patient
in supine position, the needle penetrates the anterior wall
of the IJV, usually anterior and lateral to the CA. On the
other hand, when one performs the modified anterior
approach on a patient in prone position and with ipsilateral
rotation of the neck, the needle penetrates the IJV lateral
wall, usually anterior to the CA (Fig. 1B). TaggedEnd

TaggedPAfter identifying anatomical ultrasound landmarks using
the out-of-plane approach, the needle pierced the skin with
an entry angle of about 45° with the operator continuously
applying aspiration in the distal third between the mandible
angle and clavicle. After the vein was punctured, the CVC
was inserted using the Seldinger technique. TaggedEnd

TaggedPSince the CA was located posteriorly to the IJV in this
position (Fig. 1B) and, because arterial blood color of criti-
cally ill patients with COVID-19 can be misleading and be
misperceived as venous blood, it is desirable to verify the
correct positioning of the guidewire (or needle) in the IJV
before inserting the dilator. Rotating US probe from the
transverse to the longitudinal plane enables confirmation of
IJV cannulation (Fig. 1C). TaggedEnd

TaggedPThe length of insertion of the CVC (7 French, 3 or 4
lumens, 20 centimeters long, Arrow�) was adjusted to the
height of each patient. After checking the proper placement
of the catheter inside the IJV (Fig. 2 A−C) and confirming
the patency of all lumens, the catheter was fixed to the skin
by a silk suture.TaggedEnd

TaggedPFor all three patients, at the end of the procedure, gas
analysis was obtained to confirm venous blood, and a post-
ero-anterior chest X-Ray was performed to confirm the cor-
rect location of the catheter tip and rule out complications.
All procedures were uneventful. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPIn this case report, IJV cannulation was successfully per-
formed through a modified anterior approach, in patients
kept in prone position due to severe pneumonia caused by
SARS-CoV-2. TaggedEnd
342
TaggedPPatients with ARDS due to SARS-CoV-2 present reduced
physiological reserve and cardiorespiratory instability that
may preclude them from tolerating supine position even
for the execution of short-time procedures, such as
hygiene care or CVC placement. In these circumstances,
maintaining the prone position warrants greater patient
safety and well-being, reduces the risks of tracheal extu-
bation and loss of in situ vascular lines, and the number
of episodes of clinical decompensation, that can increase
need for higher FiO2, leading to worsening of the lung
injury. TaggedEnd

TaggedPLike every invasive technique, CVC placement is associ-
ated with risks and complications. These are largely associ-
ated with operator experience, use of US, and patient-
related factors such as coagulation disorders, anatomical
anomalies, and obesity.TaggedEnd

TaggedPAmong the most frightening complications, severe
arrhythmias can be triggered by central venous catheteriza-
tion and can progress to cardiac arrest requiring advanced
life support in the prone position. This will always be a limit-
ing factor for this technique, despite the fact that the effec-
tiveness of resuscitation maneuvers in prone position has
been reported.5TaggedEnd

TaggedPIdeally, this approach should be performed by two opera-
tors, allowing continuous real-time visualization of the CVC
insertion on the US screen, with expected improvement in
patient safety and procedural efficiency. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPThe limited number of cases described in the literature deal-
ing with the US-guided placement of vascular lines for
patients in prone position, makes this case report more rele-
vant. If performed by trained and experienced personnel,
the modified anterior approach may be an effective, feasible
and safe alternative for the placement or replacement of
CVC in ICU patients who need to be kept for extended peri-
ods in the prone position.TaggedEnd

TaggedPMore studies are required to validate the benefits and
effectiveness of this approach. There is the prospect of the
approach being used in other scenarios, such as during sur-
gery performed in prone position and when other types of
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TaggedEndTaggedPcatheters need to be inserted (e.g., hemofiltration and
extracorporeal oxygenation). TaggedEnd
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udendal  nerve  block  for  circumcision  of pediatric
atient with  Pierre  Robin  Sequence:  case  report
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Abstract  Pierre  Robin  Sequence  (PRS)  is  a  congenital  condition  characterized  by  micrognathia,
glossoptosis,  and  cleft  palate  that  presents  with  airway  obstruction  and  developmental  delay
with or  without  other  congenital  anomalies.  These  patients’  anesthesia  management  is  chal-
lenging because  of  difficult  ventilation  and  intubation.  Regional  anesthesia  methods  should
be considered  for  these  patients  on  a  case-by-case  basis.  This  report  presents  primary  use  of
regional anesthesia  for  circumcision  of  a  9-year-old  boy  with  PRS.
Case  report
© 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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ierre  Robin  Sequence  (PRS)  is  a  congenital  condition  cha-
acterized  by  micrognathia,  glossoptosis,  and  cleft  palate
hat  presents  with  airway  obstruction.  This  sequence  of
efects  is  often  accompanied  by  impaired  nutrition,  devel-
pmental  delay,  and  airway  obstruction  that  is  mostly
revalent  in  the  second  month  of  life  causing  respiratory
ailure.1,2 These  features  and  limited  mouth  opening  com-
licate  each  step  of  airway  management,  especially  mask

entilation  and  intubation.  Difficult  airway  management  and
irway  obstruction  may  result  in  intra-  and  postoperative
espiratory  complications.  These  patients  also  may  be  more
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ensitive  to  opioid  due  to  chronic  airway  obstruction  and
ypoxia.2 Due  to  an  anticipated  difficult  airway  and  possi-
ility  of  opioid  sensitivity,  possibility  of  regional  anesthesia
hould  be  considered  in  these  patients  depending  on  the
urgery.

ase report

he  patient  was  a  9-year-boy  with  PRS  who  was  sched-
led  for  circumcision.  The  patient  was  born  full-term  and
ad  a  six-month-long  pediatric  care  unit  stay  at  4 months
f  age  due  to  severe  respiratory  distress,  when  he  needed
n  emergence  tracheostomy  after  several  attempts  at  dif-

cult  intubation  and  ultimate  failure.  When  he  presented
or  circumcision,  he  was  a  20  kg  boy  with  adenomegaly,

 large  nose,  glossoptosis,  high-arched  narrow  palate,  and
ignificant  micrognathia  (Fig.  1).  On  preanesthetic  exami-
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igure  1  Tracheostomy  history  of  a  patient  with  Pierre  Robin
 cm.

ation,  he  had  a  mouth  opening  of  less  than  2  cm,  normal
eck  mobility,  and  a  Mallampati  score  of  1.  The  general
xamination  and  laboratory  tests  results  were  all  normal.  A
igh  probability  of  difficult  ventilation  and  intubation  com-
anded  an  anesthetic  plan  with  regional  anesthesia.  After
iscussion  with  the  surgical  team,  it  was  planned  to  per-
orm  a  pudendal  nerve  block.  The  patient,  who  already  had

 peripheral  intravenous  line  placed  in  the  ward,  was  taken
o  the  operating  room  after  premedication  with  0.05  mg.kg-1

ntravenous  midazolam.  That  dose  provided  adequate  anx-
olysis  whilst  minimizing  unwanted  airway  depression.  The
atient  had  standard  monitoring  (SpO2,  ECG,  NIBP)  and  bis-
ectral  index  (BIS).  The  first  BIS  value  was  measured  as
8.  Propofol  infusion  50  �gr.kg-1.min-1 was  started  intra-
enously,  and  maintenance  was  based  on  BIS  value  between
0---80.  The  patient  was  put  in  lithotomy  position  and
hen  bilateral  pudendal  block  was  performed  with  a neu-
ostimulator.  A  total  of  10  ml  of  0.25%  bupivacaine  and
.1  �gr1---5.kg-1 dexmedetomidine  was  injected.  First,  surgi-
al  incision  was  made  10  minutes  after  the  block  and  the
atient  did  not  need  any  other  analgesic  throughout  the
peration.  The  patient  received  4  L.min-1 oxygen  via  Venturi
ask.  Spontaneous  breathing  was  preserved,  and  no  inter-

ention  for  airway  control  was  needed.  Hemodynamic  and
espiratory  parameters  remained  stable  perioperatively.  At
he  end  of  a  1-h  surgery,  the  patient  was  taken  to  the  recov-
ry  unit  after  he  regained  consciousness  and  his  BIS  value
as  90.  Pain  evaluation  was  done  with  the  FLACC  Score  at

th,  15th,  30th,  60th,  and  120th minutes  and  scores  remained  0
or  the  first  2  hours  postoperatively.  He  was  then  discharged
o  the  ward  for  a  24-h  postanesthetic  follow-up  and  did  not
eed  any  additional  analgesia.

iscussion

irway  management  makes  the  anesthetic  plan  for  Pierre
obin  Sequence  patients  very  challenging.  Preanesthetic
irway  evaluation  must  be  done  carefully  with  close  atten-
ion  to  mouth  opening,  dental  structures,  Mallampati  score,

eck  circumference,  neck  extension,  tonsils,  palate,  and
revious  tracheostomy  scars.  Difficult  airway  management
hould  be  expected  on  the  day  of  surgery.  When  the  sur-
ical  plan  is  suitable,  choosing  regional  anesthesia  over
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34
ence  with  micrognathia,  high  palate,  mouth  opening  less  than

eneral  anesthesia  for  patients  with  likely  difficult  airways
an  minimize  anesthetic  risks.  Pediatric  Regional  Anesthesia
etwork  (PRAN)  emphasizes  the  rise  in  the  use  and  safety
f  regional  anesthesia  in  children  in  recent  studies.3 Cir-
umcision  is  one  of  the  most  frequent  penile  surgeries  and
s  commonly  performed  as  day  surgery.  Analgesia  options
or  this  painful  procedure  include  intravenous  analgesia,
audal  block,  penile  block,  and  pudendal  nerve  block.4

audal  block  is  a  safe  and  commonly  performed  neuraxial
nesthesia,  however  it  carries  the  risk  of  requiring  general
nesthesia,  though  at  a  small  rate.  The  success  rate  of  penile
lock  can  vary  and  hence  its  use  may  require  general  anes-
hesia.  It  is  preferred  to  perform  pudendal  nerve  block  due
o  its  higher  success  rate  compared  to  penile  block  and  bet-
er  safety  profile  compared  to  caudal  block.  Recent  studies
how  that  pudendal  nerve  block  provides  better  analgesia  in
ypospadias  surgery  than  caudal  block.5 The  pudendal  nerve
erives  from  second,  third,  and  fourth  roots  of  sacral  plexus.
nside  the  pudendal  canal,  the  nerve  first  gives  off  inferior
ectal  (anal)  nerves,  and  then  divides  into  perineal  nerve
nd  the  dorsal  nerve  of  the  penis/clitoris.  There  are  dif-
erent  anatomical  approaches  (transvaginal,  transperineal,
erirectal),  and  also  different  techniques  (anatomical  land-
ark,  using  nerve  stimulator,  and  ultrasound  guided)  for
erforming  pudendal  nerve  block.  In  this  report,  a  perirectal
pproach  with  the  nerve  stimulator  in  the  lithotomy  posi-
ion  was  chosen.  Injection  point  and  direction  is  more  lateral
rom  anus  and  rectum,  therefore  structural  injury  risk  is  low
n  this  technique.4,5 Bleeding,  hematoma,  mucosal  lacera-
ion,  and  infection  are  potential  complications,  especially
ith  the  transvaginal  approach.  As  in  the  other  blocks,  there

s  a  risk  of  intravascular  local  anesthetic  injection  and  sys-
emic  local  anesthetic  toxicity.  Motor  block  and  sphincter
unctional  dysfunction  can  be  rarely  observed  after  cau-
al  block  but  has  not  been  reported  after  pudendal  block.5

upplementary  administration  of  propofol  infusion  with  BIS
onitoring  allowed  us  to  manage  the  surgical  period  with-

ut  causing  anxiety  in  the  pediatric  patient.  Furthermore,
ot  only  did  using  dexmedetomidine  as  an  additive  for
he  block  increased  the  analgesic  time,  but  it  may  also

ave  contributed  to  sedation  intraoperatively  and  postop-
ratively.  There  was  no  need  for  opioids.  Pudendal  nerve
lock  for  circumcision  provided  a  comfortable  intraopera-
ive  and  postoperative  period  for  the  patient  with  adequate
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nalgesia  and  no  anxiety.  In  patients  with  anticipated  diffi-
ult  airway,  such  as  Pierre  Robin  Sequence  patients,  regional
nesthesia  methods  should  be  considered  depending  on  the
urgery.
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ltrasound-guided  continuous  costoclavicular  block
hrough retrograde  stimulating  catheter  technique  for
ostoperative analgesia  in shoulder  surgery:  a case
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Abstract  In  five  patient  undergoing  surgery  for  proximal  humerus  fracture  we  investigated  into
postoperative  analgesia  provided  by  continuous  costoclavicular  block  using  continuous  stimu-
lating catheter.  The  postoperative  pain  scores  were  less  than  4  in  all  patients  except  in  two
patients who  required  intravenous  tramadol  50  mg  as  a  rescue  analgesic.  The  radiocontrast
dye study  executed  in  two  patients  revealed  contiguous  contrast  spread  through  the  brachial
plexus sheath  with  the  catheter  tip  in  the  interscalene  space.  We  propose  that  a  continuous
costoclavicular  block  with  a  retrograde  stimulating  catheter  is  a  feasible  alternative  regional
anesthesia  technique  for  postoperative  analgesia  in  shoulder  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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he  costoclavicular  block  (CCB)  was  described  as  an  alterna-
ive  to  traditional  lateral  infraclavicular  block  for  forearm
nd  hand  surgery.1 In  the  CCB,  the  brachial  plexus  cords  are

pproached  in  the  costoclavicular  space  at  the  midpoint  of
he  clavicle  below  the  subclavius  and  the  pectoralis  muscle
nder  ultrasound  (US)  guidance.  Anatomically,  the  cords  are
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Fig.  1  A,  left  Costoclavicular  block:  In  Plane  approach  with  a  linear  transducer;  Needle  insertion  from  lateral  to  medial.  B,
i  the  
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nsertion of  stimulating  catheter.  C,  ultrasound  image  depicting
ostoclavicular  space;  Injection  of  LA  displaces  the  cords;  A  hyp

rranged  more  superficial  and  are  clustered  together  lateral
o  the  axillary  artery.  The  costoclavicular  space  is  contin-
ous  cranially  with  the  supraclavicular  fossa  and  caudally
ith  the  medial  infraclavicular  fossa,  thus  it  can  be  used  as  a
onduit  for  a  catheter  for  continuous  CCB.  In  this  case  series
f  five  patients  with  proximal  humerus,  we  implemented
ontinuous  stimulating  catheter  in  the  costoclavicular  area
o  evaluated  postoperative  analgesia  provided  by  continuous
CB.  All  patients  received  a  standard  general  anaesthesia.
e  performed  a  radiocontrast  dye  study  in  two  patients  to
valuate  the  catheter  tip  position  and  spread  of  drug  in  the
ostoclavicular  space.

ase report

fter  approval  of  the  hospital  ethics  committee  (Sancheti
nstute  of  Orthopedics  and  Rehabiliation,  Pune,  India),  five
atients  undergoing  open  surgery  for  proximal  humerus  frac-
ure  under  general  anesthesia  were  enrolled  for  this  case
eries  after  their  written  informed  consent  during  January  to
uly  2019.  Patients  with  American  Society  Anesthesiologists
ASA)  physical  status  greater  than  III,  pregnancy,  neuromus-
ular  disease,  renal  disorders,  skin  infection  at  the  needle
nsertion  site,  prior  surgery  on  infraclavicular  fossa,  history

f  brachial  plexus  injury,  bleeding  disorder,  or  allergy  to
ocal  anesthetic  were  excluded.

With  the  patient  in  the  supine  position  and  under  due
sepsis,  a  linear  array  US  probe  (5---13  MHz,  Sonosite,  USA)
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34
brachial  plexus  cords.  D,  stimulating  catheter  positioned  in  the
hoic  dot  is  seen  of  the  catheter.

as  placed  in  a  transverse  oblique  plane  in  the  costoclav-
cular  space  (Fig.  1A),  and  the  three  cords  of  the  brachial
lexus  lateral  to  the  axillary  artery  were  visualized  (Fig.  1C).

 50-mm,  17G  insulated  needle  with  a  19G,  100-mm  stim-
lating  catheter  (StimuLong  Nanoline-  Pajunk®,  Germany)
as  used  for  the  block.  Under  US  guidance,  the  nee-
le  was  inserted  in-plane  from  lateral  to  medial  direction
Fig.  1B)  till  its  tip  was  positioned  between  the  poste-
ior  and  medial  cord  (Fig.  1D).  The  posterior  cord  was
dentified  by  the  extensor  response  of  the  fingers  using
eurostimulation  at  0.4  mA.  At  this  point,  the  needle  was
tabilized,  and  its  bevel  was  rotated  by  90  degrees  to  face
ephalad  towards  the  supraclavicular  fossa.  The  stimulat-
ng  catheter  was  then  inserted  to  a  depth  of  7---8  cm  from
he  needle  tip  under  continuous  neurostimulation  (Fig.  1B).
he  needle  and  catheter  were  visualized  in  the  costoclav-

cular  space  in  all  images  (Fig.  1D).  The  evoked  muscle
esponse  observed  at  a  current  of  0.8---1.2  mA  was  of  the
eltoid  and  biceps  in  one  patient  each;  and  of  multiple
uscles  including  the  deltoid,  biceps,  and  triceps  in  three
atients.  After  injecting  12  mL  of  0.2%  ropivacaine  with
0  �g  clonidine,  the  contractions  ceased,  and  the  catheter
as  fixed  and  subcutaneously  tunneled  on  the  medial  aspect
f  the  chest  wall.  The  entry  point  was  secured  with  ster-
le  biofilm  (Tegaderm,  3M®).  General  anesthesia  was  then

nduced  with  intravenous  (IV)  propofol  2---2.5  mg.kg-1,  fen-
anyl  2  �g.kg-1, and  cisatracurium  0.15  mg.kg-1;  and  the
irway  was  secured  with  an  appropriately  sized  endotra-
heal  tube.  The  tunnelled  catheter  was  safely  tucked  below
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Fig.  2  A,  axial  view  of  contrast  collection  below  the  subclavius  with  a  more  medial  contrast  spread.  B,  sagittal  view  of  contrast
collection in  CCS  below  the  subclavius  muscle.  C,  volume  rendering  CT  technique  of  radiocontrast  injection  delineates  the  spread
from CCS  to  the  interscalene  area  delineating  the  cervical  roots.  CP,  coracoid  process.  D,  coronal  view  of  contrast  translocation  in
t rior  
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he posterior  interscalene  area  between  ASM  and  MSM.  ASM,  ante
S, infraspinatus;  ESM,  erector  spinae  muscle.

he  drapes.  During  the  surgery,  0.1%  ropivacaine  was  infused
t  4  mL.h-1 through  the  catheter  which  was  continued  post-
peratively.

After  completion  of  the  surgery,  neuromuscular  block-
de  was  reversed  with  appropriate  doses  of  neostigmine  and
lycopyrrolate,  and  the  patients  were  transferred  to  post-
perative  recovery  after  tracheal  extubation.  The  VAS  at  0,
,  12,  and  24  hours  was  recorded  and  tramadol  50  mg  IV
as  administered  as  rescue  analgesia  if  VAS  was  more  than
.  The  first  analgesic  request  time  and  the  requirement  of
escue  analgesia  in  24  hours  were  recorded.  The  VAS  was
ess  than  4  in  the  first  24  hours,  at  all  points  of  time  in  all
atients  except  in  two  who  required  tramadol  50  mg  IV  at
8  and  19.5  hours,  respectively.

All  patients  were  monitored  in  PACU  and  there  was
o  drop  in  oxygen  saturation  in  the  immediate  postop-
rative  period.  As  a  routine  protocol  in  our  institution,
S-guided  diaphragm  excursions  were  noted  before  patients
ere  discharged  from  the  recovery  room  after  all  brachial
locks  above  the  clavicle.  None  of  the  patients  revealed
emi-diaphragmatic  paresis.  On  the  second  postoperative
ay  before  the  removal  of  the  catheter,  a  CT  (computed

omography)  radiocontrast  study  was  performed  in  two
atients  after  informed  consent.  Five  millilitres  of  Omni-
aque  (iohexol  300  mg  I.mL-1 diluted  in  7  mL  of  normal  saline
.9%)  was  injected  through  the  catheter  and  CT  images  of
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scalene  muscle;  MSM,  middle  scalene  muscle;  SS,  subscapularis;

he  dye  spread  were  analysed  in  consultation  with  a  senior
adiologist.

The  axial  scan  depicts  the  contrast  beneath  the  subclav-
us  muscle  and  a  more  medial  spread  in  the  infraclavicular
rea  (Fig.  2A).  A  sagittal  image  demonstrated  the  contrast
pread  was  seen  localized  beneath  the  subclavius,  superfi-
ial  to  the  serratus  anterior  and  in  front  of  the  subscapularis
uscles  (Fig.  2B).  An  image  of  the  CT  volume  rendering

echnique  revealed  a  spread  above  the  clavicle  in  the  supr-
clavicular  and  interscalene  area  and  below  the  clavicle,
eneath  the  subclavius  muscle  in  the  costoclavicular  space
Fig.  2C).  The  contrast  injection  leads  to  more  cephalad
pread  filling  the  interscalene  space  between  the  anterior
nd  the  middle  scalene  muscle  (Fig.  2D).

iscussion

n  this  case  series,  continuous  CCB  using  retrograde  stimu-
ating  catheter  provided  effective  postoperative  analgesia
or  open  proximal  humerus  surgeries.  The  retrograde  stimu-
ating  catheters  could  be  placed  successfully  without  any
echnical  difficulty  using  neurostimulation.  Further,  the

adiocontrast  studies  revealed  the  contiguous  spread  of
ontrast  through  the  brachial  plexus  sheath  in  the  supraclav-
cular  region  with  a  maximum  spread  in  the  costoclavicular
pace.
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S.  Diwan,  D.  Set

The  shoulder  joint  is  chiefly  innervated  by  the  supras-
apular  nerve  which  emerges  from  the  superior  trunk  and
he  axillary  nerve  from  the  posterior  cord  at  the  lateral
dge  of  the  pectoralis  minor.  The  other  nerves  contribut-
ng  towards  innervation  are  the  subscapularis  and  lateral
ectoral  nerves  arising  from  the  posterior  and  lateral  cords,
espectively.  Interscalene  block  is  the  gold  standard  regional
nesthesia  technique  for  shoulder  surgery  but  it  carries  a risk
f  phrenic  nerve  palsy,  with  volumes  greater  than  5  mL.  Lit-
rature  mentions  CCB  efficiently  anesthetizes  the  axillary,
ubscapular,  and  the  lateral  pectoral  nerves  which  inner-
ate  the  shoulder  joint.3 However,  it  is  doubtful  whether
he  suprascapular  nerve  which  emerges  from  the  superior
runk  and  courses  below  the  omohyoid  is  blocked  in  CCB.

Our  case  series  is  based  on  the  understanding  that
he  costoclavicular  space  is  continuous  cranially  with  the
upraclavicular  fossa  and  caudally  with  the  medial  infra-
lavicular  fossa  above  the  superior  border  of  the  pectoralis
inor  muscle.1,2 Previous  anatomical  study  of  costoclavicu-

ar  space  confirms  the  lateral  cord  is  engulfed  in  a  separate
onnective  tissue,  and  the  medial  and  posterior  cords  are
losely  opposed  to  each  other.  We,  therefore,  intended  to
lace  the  stimulating  catheter  between  the  medial  and  pos-
erior  cord  and  then  directed  the  catheter  cephalad  towards
he  supraclavicular  fossa.  The  final  tip  position  was  con-
rmed  with  continuous  neurostimulation  by  evoked  muscle
esponses  of  the  deltoid,  biceps,  or  mixed  contractions  of
he  deltoid,  biceps,  and  triceps.  Positioning  the  catheter  as
emonstrated  by  CT  contrast  studies  at  the  level  demon-
trated  in  our  study  is  probably  appropriate  for  shoulder
urgeries.

Though  there  are  randomized  controlled  trials  comparing
CB  with  other  regional  anesthesia  techniques  for  dis-
al  upper  limb  surgery,  retrograde  placement  for  catheter
hrough  costoclavicular  space  for  shoulder  surgery  has  not
een  previously  described.  Victoria  et  al  discussed  retro-
rade  placement  of  a  catheter  in  the  supraclavicular  area
hrough  the  costoclavicular  space.4 However,  a  limitation
f  their  technique  was  the  need  to  advance  the  needle
lindly  behind  the  anechoic  shadow  of  the  clavicle;  the  final
atheter  tip  position  appeared  as  a  hyperechoic  dot  at  the
orner  pocket  on  the  US.4 Aldwinkle  retorts  that  the  above-
entioned  technique  is  not  simple,  efficacious,  or  safe.5

Our  technique  embarks  upon  ‘‘the  journey  behind  the
ark  side  of  the  moon’’,  as  has  been  categorically  and  right-

ully  mentioned  by  Aldwinckle.5 The  stimulating  catheter
llows  the  continuous  objective  assessment  of  the  catheter
ip  positioning  in  close  contact  with  the  brachial  plexus.
hus,  the  combined  use  of  the  infraclavicular  approach  and

5
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upraclavicular  placement  of  the  catheter  allows  lesser  vol-
mes  of  a  local  anesthetic  to  block  nerves  innervating  the
houlder  joint.  Local  anesthetic  injection  at  this  point  is  fol-
owed  by  caudal  spread  as  evident  from  two  CT  contrast
tudies  performed  in  our  series.  Though  we  do  not  report
hrenic  nerve  paresis,  this  needs  to  be  investigated  in  a
arger  sample  size.  The  ease  of  catheter  fixation  with  lower
hances  of  catheter  displacement  is  the  other  potential
dvantage  of  this  technique.

In  our  case  series,  there  was  no  procedural  complications
n  the  form  of  vascular  penetration,  paresthesia  related  to
he  needle-nerve  contact  and  during  insertion  and  removal
f  the  stimulating  catheter.  On  the  5th  postoperative  day,

 neurological  evaluation  of  the  operated  side  (block  side)
id  not  reveal  sensory-motor  dysfunction  before  patients’
ischarge.  Surgeons  follow  up  at  4  and  6  weeks  was  also
ormal  in  all  the  patients.

The  tunneled  catheter  with  biofilm  dressing  in  our  series
as  not  a  hurdle  for  the  surgeon  while  performing  surgery.
lternatively,  catheters  can  be  placed  out-of-plane  if  the
urgical  team  feels  the  catheter  insertion  interferes  during
urgery.  In  this  series,  we  used  12  mL  of  local  anesthetic  for
CB.  We  need  to  explore  subsequently  whether  a  lesser  vol-
me  of  local  anesthetic  would  be  equally  efficacious.  Thus,
e  propose  that  a  US-guided  CCB  with  a  retrograde  stimu-

ating  catheter  is  a  feasible  alternative  regional  anesthesia
echnique  for  postoperative  analgesia  for  shoulder  surgery.
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Abstract  Stenting  for  lower  tracheal  stenosis  is  a  tricky  situation  and  for  the  safe  conduct
of anesthesia,  it  is  imperative  to  maintain  spontaneous  respiration.  Airway  topicalization  is
routinely recommended  for  anticipated  difficult  airway.  We  report  a  case  of  upper  airway
obstruction  following  lidocaine  nebulization  in  a  patient  to  be  taken  for  tracheal  stenting  for
lower tracheal  stenosis.  We  would  like  to  highlight  that  close  monitoring  of  the  patient  is  advis-
able during  airway  topicalization  to  detect  any  airway  obstruction  at  the  earliest  and  how
fiberoptic  intubation  can  play  a  pivotal  role  to  secure  the  airway  in  an  emergency  scenario.

© 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/).

o
p
i
m
e
m
a
b
o

ntroduction

racheal  stenting  for  lower  tracheal  stenosis  caused  by
nterior  mediastinal  mass  poses  a  challenge  to  both  anes-
hesiologists  and  surgeons.  Depending  upon  the  location,
ength,  and  severity  of  the  stenotic  segment,  various  anes-
hesia  techniques  for  airway  management  may  be  chosen.
o  allow  rigid  bronchoscopy  for  tracheal  stenting,  sponta-
eous  respiration  is  preferred  to  maintain  airway  patency

y  preserving  transluminal  pressure.1,2 Nebulization  with  4%
idocaine  avoids  cough  reflex  and  aids  in  better  patient  coop-
ration.  We  hereby  report  a  case  of  complete  upper  airway
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icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
bstruction  following  nebulization  with  4%  lidocaine,  while
reparing  the  airway  for  tracheal  stenting  under  sedation
n  a patient  of  lower  tracheal  stenosis,  changing  our  pri-
ary  plan,  and  turning  a semi-emergent  condition  into  an

mergent  one.  Though  fiberoptic  intubation  is  not  recom-
ended  as  the  first  choice  to  manage  the  difficult  airway  in

n  emergency  situation,  it  was  lifesaving  and  probably  the
est  choice  available  to  secure  the  airway  at  the  earliest  in
ur  case.

ase report
 50-year-old  female  weighing  70  kg  was  scheduled  to
ndergo  tracheal  stenting  for  severe  lower  tracheal  steno-
is  caused  by  anterior  mediastinal  mass.  On  preanesthetic
heck-up,  the  patient  was  dyspneic  in  supine  position,
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Figure  1  Segment  of  tracheal  stenosis  as  seen  through  endotracheal  tube  (ET)  using  flexible  intubation  video  endoscope  (FIVE).
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igure  2  Post-procedure  endoscopic  views  showing  Y  shaped
f carina.

lthough  comfortable  and  maintaining  an  oxygen  satura-
ion  (SpO2)  of  99%  on  room  air  in  the  sitting  position.
he  patient  had  no  comorbidities  and  her  blood  investiga-
ions  were  normal.  Modified  Mallampati  score  was  2  and
pirometry  revealed  reduced  forced  expiratory  volume  in
he  first  second  (FEV  1---1.95  L,  53%  predicted),  peak  inspi-
atory,  and  peak  expiratory  flow  rates  (PEF---180  L.min-1,
0%  predicted).  Arterial  blood  gas  (ABG)  analysis  revealed
ild  impairment  of  oxygenation  in  the  supine  position
ith  a  pH  of  7.457,  PaO2 of  70.8  mmHg,  and  PaCO2 of
4.6  mmHg  on  room  air.  A  thorax  CT  revealed  an  anterior

ediastinal  mass  causing  severe  tracheal  narrowing  approx-

mately  1.5  cm  above  the  carina.  Stenotic  segment  length
as  1  cm  with  major  and  minor  axis  diameter  of  4  mm

t
u
t

35
eal  stent  (2A)  just  distal  to  the  tip  of  ET  and  (2B)  at  the  level

nd  3  mm,  respectively.  A  preliminary  plan  was  decided
fter  discussion  with  the  multidisciplinary  team.  Rigid  bron-
hoscopy  (RB)  was  planned  under  intravenous  (IV)  propofol
nd  dexmedetomidine  sedation  after  anesthetizing  the  air-
ay  by  4%  lidocaine  nebulization.  On  the  day  of  surgery,

he  patient  was  nebulized  with  5  mL  of  4%  lidocaine  via  a
ebulizer  mask  with  an  oxygen  flow  rate  of  12  L.min-1 in
he  preoperative  area.  After  5  minutes  of  lidocaine  nebu-
ization,  the  patient  developed  stridor  and  dyspnea  in  the
itting  position  as  well.  Soon  the  patient  became  restless
nd  developed  tachycardia  (heart  rate  135  beats/min)  and

achypnea  (respiratory  rate  28  breaths/min),  and  her  sat-
ration  dropped  to  92%.  She  was  transferred  immediately
o  the  operating  room  (OR)  for  emergency  tracheal  stent-
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local anesthesia in a non-sedated patient with a compromised
Brazilian  Journal  of  Anesth

ng.  The  patient  was  agitated  and  unable  to  lie  down,  so
he  OR  table  was  changed  to  90◦ head-up  position,  and
ll  routine  monitors  were  attached  while  oxygenating  with
00%  oxygen  via  nasal  prongs.  She  developed  hypotension
blood  pressure  80/40  mmHg)  and  SPO2 dropped  to  90%.
asopharyngeal  airway  (NPA)  size  7.0  mm  was  inserted  and  a
reathing  circuit  was  attached  to  it  using  a  15-mm  connec-
or  of  the  endotracheal  tube  (ET)  size  7.0  mm.  Sevoflurane
ith  100%  O2 was  administered  via  breathing  circuit  to
llow  for  emergency  nasal  intubation  using  Karl  Storz,  flex-
ble  intubation  video  endoscope  (FIVE)  (Model  11301  BNXK)
hrough  the  other  nostril.  End-tidal  carbon  dioxide  (ETCO2)
as  noted  to  be  as  high  as  90  mmHg.  With  the  help  of
IVE,  the  airway  was  secured  with  6.5  mm  ET  and  once
he  tube  tip  was  placed  just  above  the  level  of  stenosis,
he  patient  was  hyperventilated  to  wash  off  retained  CO2.
fter  changing  the  patient’s  position  to  supine,  an  invasive
rterial  catheter  was  inserted,  and  IV  noradrenaline  was
tarted  at  0.05  �g.kg-1.min-1 and  titrated  to  maintain  mean
rterial  pressure  between  65---70  mmHg.  Anesthesia  was
aintained  with  IV  propofol  infusion  titrated  to  maintain  a
ispectral  index  of  40---60,  fentanyl  2  �g.kg-1 and  atracurium
.5  mg.kg-1 loading  dose  followed  by  0.1  mg.kg-1 intermit-
ent  boluses.  FIVE-guided  examination  of  the  stenosed  area
as  done  via  ET  (Fig.  1).  The  available  deployer  for  tracheal

tenting  had  an  outer  diameter  of  11  mm  which  could  not
e  passed  through  ET  of  any  size,  so  under  FIVE-guidance,
T  was  withdrawn  till  it  was  just  beyond  the  glottis  and
racheostomy  stoma  was  made  and  deployer  was  inserted
hrough  it  to  place  Y-shaped  tracheal  stent  (Fig.  2A  and  B).
hereafter,  the  tube  was  inserted  again  to  lie  just  above  the
tent  margins  and  tracheostomy  stoma  was  closed  and  the
atient  was  electively  ventilated  to  reach  normocapnia  and
V  noradrenaline  was  gradually  tapered  off.  The  patient  was
xtubated  and  shifted  to  the  postoperative  area  for  obser-
ation.  Her  postoperative  vitals  were  stable,  and  she  was
ater  shifted  to  the  ward.

iscussion

racheal  stenting  for  lower  tracheal  stenosis  is  a  tricky
rocedure  that  involves  maintaining  airway  patency  while
roviding  optimal  time  and  conditions  for  the  surgeon.  Main-

enance  of  spontaneous  respiration  is  essential  during  the
nduction  of  anesthesia  to  avoid  airway  obstruction.1,2 In  our
ase,  after  lidocaine  nebulization,  the  patient  developed
tridor  due  to  upper  airway  collapse,  as  shown  with  FIVE.

5
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ocal  anesthetic  (LA)  can  depress  laryngeal  muscles  or  inter-
ere  with  the  receptor  activity  at  the  laryngeal  level  causing
oss  of  upper  airway  muscle  tone  and  precipitate  airway
ollapse.3 Similar  scenario  has  been  reported  by  Ho  et  al.4

irway  obstruction  by  preexisting  upper  airway  abnormal-
ties  can  be  anticipated  by  airway  ultrasound,  spirometry,
T,  and  MRI.  But  airway  collapse  by  local  anesthetic  seems
o  be  difficult  to  predict  by  such  investigations,  as  it  was  not
et  reported.

Fiberoptic  intubation  is  not  recommended  as  the  first
hoice  in  severe  acute  airway  obstruction.5 However,  in  a
itting  position,  it  was  the  most  feasible  option  available
o  quickly  secure  an  airway  and  with  tracheal  stenosis  just
.5  cm  above  carina,  tracheostomy  was  unlikely  to  be  help-
ul.  NPA  can  prove  to  be  a  useful  tool  by  relieving  upper
irway  obstruction  and  improving  oxygenation  and  ventila-
ion  by  connecting  it  to  a  breathing  circuit  until  a  definitive
irway  can  be  secured.  Inhalational  agent  can  be  admin-
stered  through  this  set  up  to  sedate  the  patient  while
voiding  loss  of  spontaneous  respiration.

We  would  like  to  suggest  that  nebulization  with  LA  should
e  dealt  with  caution  and  if  feasible,  should  be  done  in  a
ontrolled  OR  environment  and  patients  should  be  closely
onitored  for  any  signs  of  obstruction.  Fiberoptic  intuba-

ion  by  a competent  and  experienced  anesthesiologist  could
e  an  important  tool  in  securing  emergent  airways  in  such
cenarios  of  acute  airway  obstruction  with  tracheal  stenosis.
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TaggedPA thrombus-in-transit, defined as a free-floating clot in the
right heart, may be observed in patients experiencing acute
pulmonary embolism.1,2 The accompanying image exhibits a
serpentine thrombus-in-transit entrapped within a patent-
foramen-ovale (Fig. 1: Panel A). In addition to the pulmonary
vasculature, such a thrombus can potentially embolize sys-
temically, precipitating life-threatening conditions such as
stroke and myocardial infarction. Consequently, emergent
surgical embolectomy is imperative and necessitates institu-
tion of cardiopulmonary bypass. In our patient, a 15-cm
snake-like thrombus, that was extending into the left atrium
from the right atrium (Fig. 1: Panel B) was extracted intact
(Fig. 1: Panel C). TaggedEnd
TaggedEnd * Corresponding author.
E-mail: khannas@ccf.org (S. Khanna).
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TaggedPAnesthetic management is challenging, especially when
increased pulmonary vascular resistance and tachyarrhythmias
related to pulmonary embolism precipitate acute right heart
failure and systemic hypotension. Anesthesia induction can fur-
ther worsen systemic hypotension compromising coronary per-
fusion and ventricular contractility. This may precipitate
hemodynamic collapse necessitating emergent institution of
cardiopulmonary bypass, during or shortly after anesthesia
induction. Consequently, prior to induction, the surgical team
should prepare and drape the patient in readiness to make the
incision. However, cannulation of femoral vessels for emergent
institution of cardiopulmonary bypass is not recommended as
additional thrombi in the inferior vena cava can potentially
embolize during manipulation.2,3TaggedEnd
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TaggedFigure

Figure 1 Caption: An entrapped thrombus in transit, visualized with transesophageal echocardiography (Panel A), was found to be
extending from the right atrium into the left atrium through a patent-foramen-ovale during surgical exposure (Panel B) and was
extracted in its entirety (Panel C). TaggedEnd

TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 354−355
TaggedH1Conflicts of interest TaggedEnd

TaggedPNone. TaggedEnd
TaggedH1References TaggedEnd

TaggedP1. Konstantinides SV, Meyer G, Becattini C, et al. The Task Force for
the diagnosis and management of acute pulmonary embolism of
the European Society of Cardiology (ESC). 2019 ESC Guidelines
355
TaggedEndTaggedPfor the diagnosis and management of acute pulmonary embolism
developed in collaboration with the European Respiratory Soci-
ety (ERS): The Task Force for the diagnosis and management of
acute pulmonary embolism of the European Society of Cardiology
(ESC). Eur Respir J. 2019;54:1901647. TaggedEnd

TaggedP2. Rosenberg P, Shernan SK, Shekar PS, et al. Acute hemodynamic
collapse after induction of general anesthesia for emergent pul-
monary embolectomy. Anesth Analg. 2006;102:1311−5. TaggedEnd

TaggedP3. Bennett JM, Pretorius M, Ahmad RM, et al. Hemodynamic insta-
bility in patients undergoing pulmonary embolectomy: institu-
tional experience. J Clin Anesth. 2015;27:207−13. TaggedEnd

http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0001
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0002
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0003
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0003
http://refhub.elsevier.com/S0104-0014(23)00021-0/sbref0003


TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 356−357

TaggedFigure TaggedEnd

TaggedFigure TaggedEnd
CLINICAL IMAGES
TaggedH1Intraoperative point-of-care subcostal Inferior Vena
Cava (IVC) imaging to detect embolism during hip
arthroplasty: clinical image TaggedEnd
TaggedPAlejandro Corujoa,b, Laura Gir�on-Arango c,d,*, Gonzalo Irizagaa,b, Anahi Perlasc,d TaggedEnd
TaggedP

a Banco de Protesis, Department of Anesthesiology, Montevideo, Uruguay
b Universidad de la Rep�ublica, Department of Anesthesiology, Montevideo, Uruguay
c University Health Network, Toronto Western Hospital, Department of Anesthesia and Pain Management, Toronto, Canada
d University of Toronto, Department of Anesthesiology and Pain Medicine, Toronto, Canada
TaggedEnd
Received 6 February 2023; accepted 28 February 2023
Available online 8 March 2023
TaggedPThese images and video were obtained using a low-frequency
curvilinear probe, at the subcostal Inferior Vena Cava (IVC)
view on a patient with poor functional reserve undergoing a
Total Hip Arthroplasty under spinal anesthesia. Embolic mate-
rial in-transit was initially identified after hip luxation with

TaggedFigure

Figure 1 IVC subcostal view before hip luxation and d
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TaggedEndTaggedPprogression of severity culminating in an embolic storm during
cementing (Fig. 1). The embolic phenomena preceded hemo-
dynamic instability and an episode of cardiac arrest in pulse-
less electrical activity. Cardiopulmonary resuscitation was
successful. Surgery finalized without further events once the
uring cementing. L, Liver; IVC, Inferior Vena Cana. TaggedEnd
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TaggedEndTaggedPpatient was stabilized. Once fully recovered, the patient was
discharged home within 72 hours. She provided written
informed consent for publication.TaggedEnd

TaggedPEmbolic events are common but mostly undiagnosed
phenomena during hip and knee arthroplasties.1 However,
severe embolic episodes may lead to hemodynamic collapse.
The etiology of these emboli is believed to be mixed with
bone and soft tissue debris, thrombus, and cement.2 The use
of Transesophageal Echocardiography (TEE) is well-described
in the literature to diagnose and quantify embolic events dur-
ing arthroplasty.3 However, TEE is not readily available in
non-cardiac operating rooms and may not be feasible to per-
form in patients under spinal anesthesia and mild sedation.
We here report the use of the subcostal IVC view as less inva-
sive and more widely available alternative to monitor for
embolic phenomena in real time during orthopedic surgery.
The early identification of severe embolic events can alert
the anesthesiologist and assist in early resuscitation and
hemodynamic support, as well as potentially guide surgical
technique and timing to prevent further embolization.TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Cost-minimization analysis of the
continuous real-time pressure
sensing technology in parturients
requesting labor epidural analgesia TaggedEnd
Dear Editor,

TaggedPEpidural analgesia and anesthetic techniques are routinely
used in the perioperative setting, including the labor and
delivery unit and for chronic pain management. The success
of these procedures relies on the correct identification of
the epidural space by the operator. Globally, approximately
140 million births occur every year. Epidural labor analgesia
is used in most births either alone or as a component of a
combined spinal epidural technique. TaggedEnd

TaggedPSurface landmarks, tactile feedback from the needle,
and Loss-Of-Resistance (LOR) to saline or air injection are
traditionally used to guide the needle into the epidural
space. Epidural analgesia, based on successful identifica-
tion, successfully finding of the epidural space, is an integral
part of the practice of anesthesia. This traditional LOR tech-
nique has undergone major modifications as a result of
improvement in the needle, catheter, and technique follow-
ing the first demonstration by Dogliotti in 1931.1 However,
reported epidural failure rates using LOR for epidural space
identification vary greatly and have been reported to range
from 1.5% up to 23%.2 TaggedEnd

TaggedPIn addition, complications such as Accidental Dural Punc-
ture (ADP) are an important and common complication of
epidural block with reported rates of 0.5% to 4%.3 ADP occurs
if the dura is perforated by the epidural needle or by the epi-
dural catheter.4 Following ADP, the incidence of Postdural
Puncture Headache (PDPH) has been reported to be more
than 25% in young patients. Pregnant women are particularly
prone to PDPH,5 which is frequently severe or incapacitat-
ing, markedly postural, and of at least several days duration.
It often interferes with maternal-infant interaction. It is a
substantial source of higher anesthetic burden, extended
hospitalization, and the necessity for further therapy and
procedures such as epidural blood patch.4 TaggedEnd

TaggedPThe use of continuous, real-time pressure sensing tech-
nology has been recently validated as a tool to identify the
https://doi.org/10.1016/j.bjane.2022.06.004
0104-0014/© 2022 Published by Elsevier Editora Ltda. on behalf of Socied
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-n
TaggedEndTaggedPepidural space. To date, there is no published data showing
cost of the continuous real-time pressure sensing technology
technique. Therefore, the aim of this study was to conduct a
cost-minimization analysis of real-time pressure sensing
technology in parturient requesting labor epidural analge-
sia. TaggedEnd

TaggedPThe study protocol was approved by the Institutional
Review Board of the University of Texas Medical Branch at
Galveston (UTMB) (IRB # 19-0056, 4 April 2019). In order to
estimate the costs on Labor Epidural Analgesia (LEA) and the
downstream complications for the cost-minimization analy-
sis, we used data from Electronic Health Records (EHR) (Epic
Clarity Database, Epic Systems Corporation, Verona WI) at
the UTMB to identify parturient aged between 18 and 50
who had epidural anesthesia for planned vaginal delivery
between November 2015 and February 2019. TaggedEnd

TaggedPFor the cost-minimization analysis, we estimated the
total cost, from the hospital perspective, for the hospital
stay for delivery and readmission for EBP, if any. We first cat-
egorized patients into two groups by the presence of epidu-
ral replacement. Successful epidural placement is defined as
baby delivered without epidural replacement or additional
analgesia technique or medications. Within each group, we
further categorized the patients into three groups: 1) No
PDPH or EBP; 2) With PDPH but no EBP; 3) With EBP. Patients
who had multiple epidural procedures for epidural anesthe-
sia during hospitalization were considered to have epidural
replacement. PDPH after epidural anesthesia was identified
using the International Classification of Diseases (ICD), 10th

Revision, Clinical Modification (ICD-10-CM) codes O74.5 and
O89.4. All costs were adjusted to the same time period (Feb-
ruary 2019), using the Consumer Price Index for medical
care. TaggedEnd

TaggedPThe decision model framework for cost-minimization
analysis comparing real-time pressure sensing technology
and traditional LOR technique is presented in a supplemen-
tal figure. This hospital perspective analysis was performed
using TreeAge Pro 2019 (TreeAge Software, Inc., Williams-
town, MA). The effectiveness was pain during delivery esti-
mated by patients on a Numerical Rating Scale (NRS),
ranging from 1 to 10. We assumed these two methods are
equally effective in managing pain during labor, which has a
ade Brasileira de Anestesiologia. This is an open access article under
d/4.0/).
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TaggedEnd Table 1 Cost# associated with epidural anesthesia for planned vaginal delivery.

Epidural replacement PDPH EBP n Mean § SD Medianx

No No No 3928 17,414.53 § 6335.22 16,272.40
Yes No 66 19,201.23 § 13686.01 17,026.01

Yes 20 23,772.33 § 6856.11 21,359.12
Yes No No 454 22,452.14 § 13038.52 20,457.53

Yes No 8 24,935.07 § 5093.90 24,212.93
Yes 7 25,700.02 § 4157.85 25,279.51

# Total cost for the hospital stay for spontaneous vaginal delivery and readmission for EBP, if any.
x Median costs were used in the cost-minimization analysis model. SD: Standard Deviation; PDPH: Post-dural-puncture headache; EBP:

Epidural blood patch.

TaggedEnd Table 2 Incremental cost of the traditional method compared to the real-time pressure sensing technology method.

Method Cost Incremental cost Effect (pain score) Dominance

Study device 16,363.02 0.00 2.00
Traditional 16,866.96 503.94 2.00 Dominated

TaggedEndBrazilian Journal of Anesthesiology 2023;73(3): 358−360
TaggedEndTaggedPNRS of 2. The parameters used in the model are listed in sup-
plemental Table 1, including the aforementioned cost esti-
mates from the six scenarios. The probabilities of epidural
replacement and PDPH for the real-time pressure sensing
technology were obtained from our prior publication. The
same cost estimates were used on the arm of real-time pres-
sure sensing technology with the additional cost of using this
device. TaggedEnd

TaggedPFor cost estimation, we included 4483 deliveries among
4353 parturient. We examined parturient characteristics,
including age, Body Mass Index (BMI), gravidity, parity, and
race at the inpatient visit for delivery. Our population was
mean age of 27.4 years, mean BMI of 32.3, mean gravidity of
2.7 and parity of 1.7. Majority race/ ethnicity was Hispanic
or Latino (57.8%), followed by White (26.7%) and African
American (11.3%). In the 4483 deliveries, 469 (10.5%) had
epidural replacement and 101 (2.25%) had postdural punc-
ture headache. Not surprisingly, those who had epidural
replacement and epidural blood patch had the highest cost,
while those without, had the lowest cost (median cost
$25,279.51 vs. $16,272.40) (Table 1). These cost estimates
were used in the cost-minimization analysis comparing the
real-time pressure sensing technology and the traditional
LOR method. Parameters used in the cost-minimization anal-
ysis model are presented in the supplemental Table 1. The
decision model is presented in the Supplemental Figure 1.
Using real-time pressure sensing technology as the compari-
son reference, the incremental cost of the traditional
method is presented in Table 2. Compared to the traditional
LOR technique, real-time pressure sensing technology costs
about 504 US dollars less per hospital stay on average. Given
that we used the same cost estimate for delivery and com-
plication treatment on both arms in each of the six scenar-
ios, the cost savings achieved by the real-time pressure
sensing technology was due to the lower likelihood of epidu-
ral replacement and PDPH (Table 1).TaggedEnd

TaggedPTo our knowledge, this is the first, large-scale study in the
literature comparing costs of the traditional LOR technique
and real-time pressure sensing technology in parturient
requesting Labor Epidural Analgesia (LEA). In this cost-
359
TaggedEndTaggedPminimization analysis study, we found that compared to the
traditional LOR technique, real-time pressure sensing tech-
nology saves about 504 US dollars in parturient requesting
labor epidural analgesia per hospital stay on average. TaggedEnd
TaggedH1Funding TaggedEnd

TaggedPThe study was supported by Milestone Scientific, Inc. The
sponsor was not involved in data acquisition, analysis, or
interpretation of the results. This manuscript was written by
the investigators. None of the authors has a personal finan-
cial interest in this research. TaggedEnd
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TaggedH1Supplementary materials TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Comparison of tranexamic acid and
stapling line reinforcement in
laparoscopic sleeve gastrectomy in
postoperative bleeding outcomes TaggedEnd
Dear Editor,

TaggedPLaparoscopic Sleeve Gastrectomy (LSG) is a type of bariatric
surgery considered safe and technically simpler to perform
than gastric bypass. One risk of this technique is bleeding in
the staple line, with an incidence of up to 10%.1,2 TaggedEnd

TaggedPThe option of using Tranexamic Acid (TXA) as an auxiliary
method to reduce bleeding is a possibility and has the advan-
tages of low cost and fast execution.1 A dose of 1g has been
suggested to produce a reduction in bleeding that is not
improved by giving higher doses and is likely to be sufficient
for most adults.3,4TaggedEnd

TaggedPDue to the small number of studies on the use of TXA and
the controversial results in Staple line Reinforcement (SR)
techniques in bariatric surgeries, the authors decided to
compare the efficacy of SR and the use of TXA in the reduc-
tion of complications of the LSG technique. TaggedEnd

TaggedPThe study was a prospective, comparative, double-blind,
non-randomized clinical trial, approved by the institutional
Research Ethics Committee (CAAE 95198518.9.0000.5085/
Number 4.058.659) and registered in the Brazilian Registry
of Clinical Trials (REBEC RBR-4w39gz). Patients aged 18 to
65 years, American Society of Anesthesiologists (ASA) physi-
cal status II or III, who underwent LSG from January 2019 to
June 2020 were included in the study. TaggedEnd

TaggedPThe selected patients either received venous tranexamic
acid (1g) at anesthesia induction (TXA Group), no interven-
tion (Control Group − CG), or received Staple line Reinforce-
ment (SR group) without TXA. Perioperative care protocols
were the same for all groups. TaggedEnd

TaggedPTo help minimize potential bias induced due to non-random-
ization, the researchers who collected the data and measured
the outcomes did not know which group each patient belonged
to. The sample size calculation was an estimated n of 90, with
a confidence level of 95% and a margin of error of 5%.TaggedEnd

TaggedPClinical and surgical data were collected. Data from labo-
ratory tests were also collected at the time anesthesia was
administered and 24 h postoperatively. Intraoperative
bleeding was evaluated by the number of hemostatic inter-
ventions performed to control the bleeding points in the
https://doi.org/10.1016/j.bjane.2022.10.006
0104-0014/© 2022 Sociedade Brasileira de Anestesiologia. Published by El
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPstaple line. Estimated intraoperative bleeding was assessed
by weighing the gauze and the volume of blood found in the
suction pump reservoir at the end of the operation. Postop-
erative bleeding was evaluated in patients who underwent
reoperations, and a comparative quantitative evaluation
was performed of the hematological data obtained by labo-
ratory tests at the time anesthesia was administered and 24
h postoperatively (Table 1). TaggedEnd

TaggedPThe following were used: chi-square test for categorical
variables, ANOVA for parametrical numerical variables, and
Kruskal-Wallis for nonparametric variables. Post hoc analysis
was performed with the Bonferroni test. Statistical signifi-
cance was set at p < 0.05. TaggedEnd

TaggedPA total of 89 patients were included: 31 in the Control
Group (CG), 30 in the Tranexamic Acid Group (GTXA), and 28
in the Staple line Reinforcement Group (GSR). The clinical
characteristics of the patients were similar among the
groups. Moreover, there was no difference in the duration of
surgery and anesthesia (Table 1). TaggedEnd

TaggedPAlthough a significant reduction in the surgical time was
observed in another study for patients who used TXA,1 in
this clinical trial, this factor was not statistically relevant. In
a retrospective review,5 a significant increase in the surgical
time of patients who received SR intervention was verified,
as well as the necessity of having this method performed by
trained professionals to avoid complications resulting from
this procedure5 (Table 1).TaggedEnd

TaggedPThe hemodynamic variables and hematological data
were similar among the groups before surgery. Regarding
the parameters for bleeding assessment, bleeding volume
was greater in the CG (median 80 mL; 30−300) than in the
GTXA (median 50 mL; 20−110) p = 0.013, but there was no
difference concerning the weight of the gauze and the
number of interventions applied to control bleeding
(sutures and clips) among the three groups. In the postop-
erative period, GTXA patients were observed to have a
higher hemoglobin value (p = 0.023), higher hematocrit
(p < 0.001), greater prothrombin activity (p = 0.004), and
lower INR value (p = 0.013) than the control group. The
GSR also had a higher hematocrit value (p < 0.001) and
prothrombin activity (p = 0.004) than the CG. A similar
result was shown in the study performed by Chakravartty
et al.,3 which also applied this approach for bariatric sur-
geries (Table 1). TaggedEnd

TaggedPIn the CG group, one patient developed a large hematoma
of the abdominal wall that did not require intervention, and
sevier Editora Ltda. This is an open access article under the CC BY-NC-
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TaggedEnd Table 1 Comparation between groups.

Group

Variables Group Control Group TXA Group SR p-value

Clinical characteristics of patients
Age
Med (Min‒Max) 37 (24‒59) 36 (19‒62) 36 (19‒64) 0.672a

Gender
Female 26 (83.9%) 19 (63.3%) 22 (78.6%) 0.158b

Male 5 (16.1%) 11 (36.7%) 6 (21.4%)
Diabetes Mellitus
Yes 7 (22.6%) 7 (23.3%) 7 (25%) 0.976b

No 24 (77.4%) 23 (76.7%) 21 (75%)
Hypertension
Yes 10 (32.3%) 10 (33.3%) 8 (28.6%) 0.920b

No 21 (67.7%) 20 (66.7%) 20 (71.4%)
Previous Surgeries
Yes 19 (61.3%) 18 (60%) 12 (42.9%) 0.291b

No 12 (38.7%) 12 (40%) 16 (57.1%)
Weight (kg) 96.5 § 10.9 103.9 § 15.1 99.4 § 9.4 0.062c

Height (cm) 160.5 § 8.6 164.4 § 7.9 161.7 § 5.8 0.116c

BMI 37.3 (33.6‒41.9) 38.1 (32.4-50.3) 38 (33.5-43.4) 0.475a

Length of surgery (minutes) 92 § 18 85 § 17 86 § 19 0.329c

Length of anesthesia (minutes) 140 § 22 128 § 23 133 § 28 0.197c

Comparison of hemodynamic variables and hematological data in the preoperative period between the groups evaluated
Heart rate (bpm) 76 (52‒92) 73 (54‒95) 72 (55‒114) 0.792a

Systolic BP (mmHg) 120 (80‒158) 108 (90‒160) 113 (84‒160) 0.097a

Diastolic BP (mmHg) 74 (40‒99) 70 (43‒100) 80 (50‒94) 0.577a

Mean BP (mmHg) 88 § 16 85 § 13 87 § 11 0.550c

Hemoglobin (g.dL�1) 12.3 § 1.3 12.65 § 1.2 12.20 § 1.0 0.076c

Hematocrit (V/V) % 36.7 § 3.7 38.1 § 3.5 37.3 § 2.8 0.263c

Platelets 252 § 43 251 § 55 236 § 37 0.327c

Prothrombin Time (s) 14.4 (13.3‒15.4) 14.3 (13.4‒16.5) 14.2 (13‒15.2) 0.134a

Prothrombin Activity (%) 84 § 5 84 § 8 85 § 5 0.690c

TTPa (s) 31.1 (21.3‒39.2) 31.6 (21.5‒39.9) 31.4 (24.5‒39.1) 0.567a

RTTPa 1.05 (0.72‒1.33) 1.06 (0‒1.22) 1.05 (0.83‒1.33) 0.088a

INR 1.12 (1‒1.21) 1.11 (1‒1.32) 1.11 (1.04‒1.22) 0.615a

Fibrinogen (mg.dL�1) 289 § 59 298 § 41 310 § 46 0.244c

Comparison of interventions to control bleeding and intraoperative bleeding between the groups evaluated
N� of interventions for bleeding control (Suture or

Clips)
8 (4‒24) 11 (6‒18) 9 (6‒16) 0.469a

N� Clips for hemostasis 2 (0‒18) 5 (0‒12) 3 (0‒10) 0.483a

Gauze Weight (g) 15 (10‒50) 20 (10‒50) 20 (10‒65) 0.580a

N� Staples 6 (5‒8)a 6 (6‒7)a 6 (5‒7) 0.005a

Vol. of blood on pump (mL) 80 (30‒300)a,b 50 (20‒110)a 100 (50‒120)b 0.013a

Comparison of hematological data in the postoperative period between the groups evaluated
Hemoglobin (g.dL�1) 12.3 § 1.4a 13.2 § 1.4a 12.8 § 0.9 0.023c

Hematocrit (V/V) % 36.4 § 4.2a,b 38.7 § 3.6a 38.8 § 2.8b 0.000c

Platelets 266 (196‒408) 251 (116‒382) 274 (173‒378) 0.463a

Prothrombin Time (s) 14.6 (11.9‒15.7) 14.6 (13.4‒29.2) 14.6 (13.5‒15.7) 0.905a

Prothrombin Activity (%) 80 (71‒96)a,b 82.5 (62‒99)a 85 (69‒93)b 0.004a

TTPa(s) 29.1 § 1.8a 30.3 § 2.7 30.7 § 2.3a 0.032c

RTTPa 1.02 § 0.11 1.04 § 0.07 1.04 § 0.08 0.547c

INR 1.16 (1.06‒1.9) a 1.11 (1‒1.35) a 1.13 (1.05‒1.27) 0.013a

Fibrinogen (mg.dL�1) 309 (205‒481) 329 (234‒477) 341 (252‒492) 0.208a

BMI, Body Mass Index; TXA, Tranexamic Acid; SR, Staple Line Reinforcement; BP, Blood Pressure; TTPa, Activated partial thromboplastin
time; RTTPa, Activated partial thromboplastin time ratio; INR, International normalized ratio.
a Kruskal-Wallis;
b Chi-Square;
c ANOVA; For statistical significance the value of p < 0.05 was considered; Equal over-written letters indicate statistical difference in

the inter-group post hoc analysis.
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TaggedEndTaggedPanother patient required surgical intervention for intra-
abdominal bleeding on the first postoperative day, with
300 mL of blood being aspirated.TaggedEnd

TaggedPFour patients in the CG group had to remain hospitalized
for 3 days. Thus, the time of hospitalization was longer in
the CG (median 2; 2−3) than in the GTXA (median 2; 2−2),
and in the GSR (median 2; 2−2) (p = 0.019). TaggedEnd

TaggedPThe length of hospital stay of patients undergoing bar-
iatric surgeries may vary among institutions using different
discharge protocols. Although there already are strategies
and protocols to reduce the length of hospital stay, such as
ERAS, additional methods for avoiding complications that
increase the length of hospital stay are continuously being
investigated. Considering that bleeding is a complication
commonly reported by studies that investigated the surgi-
cal complications of bariatric surgery and had the largest
impact on hospital stay, the possibility of improving patient
outcomes by intervening in this problem becomes even
greater. TaggedEnd

TaggedPDespite the risk of thromboembolic events, the safety of
this approach was demonstrated by the absence of throm-
boembolic events and adverse events in this study, and the
patients were monitored for at least 6 months after sur-
gery. This result was similar to the few studies that used
TXA in the context of bariatric surgeries, including Chakra-
vartty et al.,1 who used tranexamic acid in the preopera-
tive period of LSG. TaggedEnd

TaggedPDespite the limitations, the use of tranexamic acid was
statistically relevant in reducing intraoperative bleeding
volume, presenting less postoperative complications, which
led to a reduction in the length of hospital stay. Thus, tra-
nexamic acid can be an important alternative for preventing
bleeding in the stapling line of patients undergoing LSG. TaggedEnd
TaggedH1Ethical approval statement TaggedEnd

TaggedPInstitutional Research Ethics Committee (CAAE 95198518.
9.0000.5085/Number 4.058.659) and registered in the Bra-
zilian Registry of Clinical Trials (REBEC RBR-4w39gz). TaggedEnd

TaggedPAll procedures performed in the study involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
363
TaggedEndTaggedPwith the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. TaggedEnd
TaggedH1Informed consent statement TaggedEnd

TaggedPInformed consent was obtained from all individual partici-
pants included in the study.TaggedEnd
TaggedH1Conflicts of interest TaggedEnd

TaggedPThe authors declare no conflicts of interest. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Letter to the Editor regarding
“Comparison of the intubation
success rate between the
intubating catheter and
videolaryngoscope in difficult
airways: a prospective randomized
trial.” Braz J Anesthesiol. 2022;72
(1):55-62 TaggedEnd
TaggedPDear Editor, TaggedEnd

TaggedPAirway management is fundamental to the practice of anes-
thesiology and recent guidelines have summarized best
practices in securing the airway in surgical patients.1,2 The
definition of a difficult airway has been debated but it is gen-
erally accepted that if a trained clinician cannot view the
vocal cords and/or cannot place the endotracheal tube into
the trachea, this airway could/should be documented as
“difficult”.3 Despite these recent publications, it is still
unclear how best to manage the unexpected or unantici-
pated difficult airway. Without quality publications to rely
on, the management of the unanticipated difficult airway is
often guided by personal preference, anecdotes, and tunnel
vision among practicing clinicians. Indeed, laryngoscopy and
intubation are two separate procedures and require differ-
ent troubleshooting techniques when difficulty is encoun-
tered. The recent prospective trial published by Ozdemirkan
and colleagues4 randomized patients with difficult airways
(i.e., failed direct laryngoscopy on the first attempt) to
either a laryngoscopy enhancement (i.e., the McGrath video
laryngoscope) or an intubation enhancement (i.e. the Frova
intubating catheter with a coude tip in conjunction with
direct laryngoscopy) for the second attempt. Specifically,
the participating clinicians in this study were expert anes-
thetists with > 50 intubations with both devices. This study
is highly novel and impactful for the field of anesthesiology. I
have a few questions and comments for the authors. TaggedEnd

TaggedPThe authors performed a thorough airway preoperative
assessment, pre-oxygenated their patients sufficiently prior
to induction of anesthesia, and chose dosages of propofol
and rocuronium to optimize intubating conditions. Never-
theless, they found 50 patients who were difficult to intu-
bate by direct laryngoscopy in the 32 months of their study
(January 2015 to August 2017). I have several questions
https://doi.org/10.1016/j.bjane.2023.02.006
0104-0014/© 2023 Sociedade Brasileira de Anestesiologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPabout the Methods. How many patients during this time
period were easy to intubate by these experienced clini-
cians? Did all of these patients consent to possible enroll-
ment in this study? The unconscious patients deemed
difficult to intubate were randomized into the study. How
were randomization and allocation concealment performed?
Did the clinician performing intubation always have a helper
to decide what the treatment would be (McGrath vs. Frova)?
Were both devices available in all operating rooms or did
these come from a central location? Did mask ventilation
occur as the randomization process was being performed?
The patients in this study were mostly young and health peo-
ple undergoing elective surgery. What surgeries were the
patients undergoing? Why did the authors use such large
endotracheal tubes? Size 7.5−8.5 mm in women and 8.5
−9.5 mm in men are difficult to place in the trachea even
under the best of circumstances. Were these cuffed or
uncuffed tubes? Did the authors perform cricoid pressure or
the backwards-upwards-rightward pressure maneuever to
optimize the view of the vocal cords? Also, a glaring concern
about this study is that it was registered on the Australia
New Zealand Clinical Trials registry retrospectively (i.e., in
2018 after data collection had already occurred). TaggedEnd

TaggedPRegarding the Results, in the Cormack and Lehane view
between the two devices is markedly different. With the
McGrath, 17/24 patients were a grade 2 view whereas only
one person was a grade 2 view with the Frova intubating
catheter and direct laryngoscopy (22/25 patients were
grade 3 views with Frova intubating catheter). This finding
clearly delineates that laryngoscopy and intubation are two
separate procedures and require different troubleshooting
techniques when difficulty is encountered. Specifically, the
Frova intubating catheter is indicated when the laryngos-
copy view is suboptimal. The key findings that 22/25 people
could be intubated with the Frova catheter compared to 16/
24 with the McGrath did not reach statistical significance
but is clinically impactful. It is also worth noting that com-
bined use of the McGrath and Frova was successful when the
initial attempt was unsuccessful. TaggedEnd

TaggedPThe implications of this study are potentially vast. In lim-
ited-resource environments, what tool(s) should anesthesia
providers have on hand when direct laryngoscopy is not ade-
quate? The data in this publication can also be helpful for
the education of resident physicians and student anesthe-
tists. Prior studies have shown that trainees need 30‒50 suc-
cessful attempts in order to be proficient in different
evier España, S.L.U. This is an open access article under the CC BY-NC-
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TaggedEndTaggedPprocedural tasks.5 However, these numbers have wide vari-
ability and do not necessarily reflect performance in unique
or stressful situations such as the unanticipated difficult air-
way. Are there opportunities to practice with the McGrath
and the Frova intubating catheter in “easy” airways in order
to be prepared for the rare unanticipated difficult airway?
Once the authors comment on my questions above, the read-
ers of this journal will be able to determine if the strong
experimental methods of this published study (internal
validity) apply to other patients undergoing surgery and
anesthesia around the world (external validity). TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Comment on: Effect of magnesium
sulfate with ketamine infusions on
intraoperative and postoperative
analgesia in cancer breast
surgeries: a randomized double-
blind trialTaggedEnd
Dear Editor

TaggedPTo begin, we would like to congratulate Hassan and Mahran
for their well-conducted research featured recently in the
Brazilian Journal of Anesthesiology. While the meticulously
double-blinded randomized trial outlines a reduced intrao-
perative and postoperative opioid consumption with the
addition of magnesium sulfate to ketamine infusion in
patients undergoing breast cancer surgeries,1 certain points
mandate elucidation to extend a clinical perspective to the
authors’ findings. Firstly, the index study relies on the hemo-
dynamic parameters as surrogates for intraoperative noci-
ception and hence, fentanyl administration. Alongside the
debatable sensitivity and specificity of the former in noci-
ception monitoring,2,3 the matter is compounded by the
lack of comparative account of hypertensives in the two
study groups (albeit, the authors describe uncontrolled
hypertension as an exclusion criterion). Secondly, the
authors fail to present any details on whether or not any
form of depth of anesthesia monitoring was employed.
Thirdly, the comparable postoperative pain and sedation
scores between the two groups are difficult to explain, in
background of a substantially lower postoperative morphine
requirement and/or consumption in the magnesium sul-
fate + ketamine group as opposed to the ketamine alone
group.1 Lastly, while the ability of the study to detect any
statistically meaningful differences in chronic pain could
TaggedEnd DOI of original article:
http://dx.doi.org/10.1016/j.bjane.2021.07.015

https://doi.org/10.1016/j.bjane.2021.11.005
0104-0014/© 2021 Sociedade Brasileira de Anestesiologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPhave been precluded by a small sample size, the incorpo-
ration of patient satisfaction and/or postoperative recovery
would have added incremental value. TaggedEnd
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