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EDITORIAL

Brazilian Journal of Anesthesiology: seventy years
fostering research in anesthesiology

Seventy years ago, the ﬁrst edition of the then Revista
Brasileira de Anestesiologia, or RBA, was established as the
ofﬁcial publication of the Brazilian Society of Anesthesiology (SBA), in April 1951. At the time, it already had much
of the essence of leadership that the publication continues to display today, a mission of promoting science, and
fostering the progress, improvement and promotion of anesthesiology, intensive care, cardiorespiratory resuscitation,
pain control, and perioperative medicine. In October of the
same year, the then SBA director, Renato Ribeiro, emphasized paper shortage of as one of the challenges for printing
RBA,1 in addition to the high ﬁnancial costs and red tape.
Currently, the Brazilian Journal of Anesthesiology (BJAN) is
digital, with eventual paper printing, following new global
guidelines. New manuscripts approved for publication are
promptly made available online, even before issues are published. This is BJAN aligned to the new era of scientiﬁc
publishing --- in addition to indexation of pre-proof articles,
preprint publication on EmeRi also began, namely speciﬁc
manuscripts with content of immediate interest, before
peer review, duly ﬂagged.
Launching the journal in 1951 crowned one of the objectives of SBA, founded only three years before, on February
25, 1948. In addition to approaching several topics in
anesthesiology, BJAN was born international, with a variety of languages and countries. Among the ﬁve articles
of the ﬁrst issue, along with the contributions of Brazilian authors Flavio Kroeff Pires, Milton M. Luz, and Zairo
E. Garcia Vieira, the article ‘‘Muerte de posible origen
reﬂejo durante operaciones intratorácicas’’2 was submitted in Spanish by Argentinian Mario P. Collados Storni, and
the article in English ‘‘Progress in Anesthesia in the Western
Hemisphere’’3 was signed by Ralph M. Waters, considered
the ﬁrst professor of Anesthesiology in the world. To emphasize the international impact of launching Revista Brasileira
de Anestesiologia, Howard Dittrick, editor-in-chief of Cur-

rent Researches in Anesthesia and Analgesia, of Cleveland,
Ohio, also published in 1951, an editorial entitled ‘‘A New
Journal is Born’’.1
The ﬁrst editor-in-chief of BJAN, Oscar Vasconcellos Ribeiro, from 1951 to 1957, was followed by Zairo
Eira Garcia Vieira (1958---1964), Bento Mário Villamil
Gonçalves (1965---1979), Masami Katayama (1980---1988),
Antônio Leite Oliva Filho (1989---1994), Luiz Marciano Cangiani (1995---2003), Judymara Lauzi Gozzani (2004---2009),
Mario José da Conceição (2010---2015) and Maria Ângela
Tardelli (2016---2018), and I was given the honor of taking
on the role of editor-in-chief in 2019.
BJAN has arrived to 71 volumes published without interruptions, and with the joy of the complete collection
available on the https://www.bjan-sba.org/archive website, establishing itself as one of the major academic
publications of Brazil and the main publication in anesthesiology in Latin America. BJAN is a reference for professionals
in the country and abroad, and contributes to the strengthening of anesthesiology in the Brazilian and international
scenario. Of the ﬁve original articles of the ﬁrst edition,
and publication of three issues in the year of launching,
BJAN advanced to four annual numbers in 1963 and, since
1976, as of volume 26, it has six editions published every
year. In 1990, Revista Brasileira de Anestesiologia began
to publish an annual number in English called the Brazilian
Journal of Anesthesiology --- International Issue. Translating
all articles into English as of 2002, and releasing abstracts
regularly on PUBMED, has contributed to internationalizing
and increasing the impact of the journal.
In 2019, with the ongoing support of the Sociedade
Brasileira da Anestesiologia and focused on long-term ﬁnancial sustainability, the national Editorial Board developed a
structured strategic plan, deﬁning guidelines to implement a
journal-dedicated editorial ofﬁce, comprised by professionals with expertise in editorial management and multimedia

https://doi.org/10.1016/j.bjane.2021.10.001
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EDITORIAL
exposure, to improve domestic and international visibility aimed at increasing the impact factor and altimetric
indexes. In the same year, after mentorship of UK EQUATOR Centre researchers, the Centre for Statistics in Medicine
(CSM), of the Nufﬁeld Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences (NDORMS) of Oxford
University, the journal adopted guides for scientiﬁc article
reporting (reporting guidelines) as a tool to increase accuracy and clearness of scientiﬁc promotion in anesthesiology.4
Using the mandatory guidelines was introduced by a vast
revision of the Instructions to Authors as an additional search
tool of quality for the journal. There is evidence that journals that adopt guides increase transparency, excellence,
and completeness of publications,5 anticipating increase in
citations and of the impact of the journal.
Since the ﬁrst issue, BJAN adopted static cover models,
repeated through several editions --- albeit it had had several
models.6 In 2020, it introduced a new proposal, with different covers aligned to the topic of the issue and to the colors
adopted by the SBA. Cover, editorial and info graphs related
to the main article of each edition aligned BJAN to the
major journals in anesthesiology. Notwithstanding to continue publication in issues, making articles available online
ﬁrst, expedites diffusion processes.
In addition to indexation on SciELO (Brasil Scientiﬁc
Electronic Library Online) and on LILACS (Literatura LatinoAmericana and do Caribe em Ciências da Saúde), the journal
is indexed on Pubmed, Scopus, Embase, ScienceDirect and
Web of Science Group, allowing ample international exposure. And, in the era of open science, BJAN is proud of always
having been a totally free of cost and accessible journal, not
only to SBA members, but to whoever accesses the databases
on which the journal is indexed.
In 2021, the Revista Brasileira de Anestesiologia was
reindexed as the Brazilian Journal of Anesthesiology,
and adopted English as its ofﬁcial language. ISSN codes
2352-2291 identify the online version, and ISSN codes
0104-0014, the issues printed optionally. BJAN receives submissions in English and Portuguese and, when accepted,
manuscripts are indexed only in English. The journal is
responsible for the translation, and the version in Portuguese is made available on the journal‘s ofﬁcial website
https://www.bjan-sba.org/.
The recent changes strengthened the internationalization process of BJAN, with manuscripts submitted from
several countries, and an editorial board comprised, largely
by non-Brazilians. With the growing number of submissions
received, surpassing 600 manuscripts received annually, and
most in English, rejection rates have been growing and
the selection of the articles published has become better, contributing to ongoing improvement. Achieving less
time between submission and acceptance or rejection of
manuscripts is a challenge for all journals, and also for BJAN.
The recent adoption of the structured checklist for submission, mandatory use of guides for writing scientiﬁc articles,
and the commitment of reviewers and associate editors are
essential to optimize this quality indicator.

The recent restructuring of BJAN included the effort to
qualify peer review, especially among Brazilian reviewers.
The improvement in quality of review processes proceeds,
largely, through scientiﬁc capacity and improved scientiﬁc
writing of Brazilian researchers, even taking into account
the limitation represented by not having English as a native
language. Toward that end, speciﬁc webinars on research
methods, scientiﬁc writing, using guides to write scientiﬁc
articles, processes, and editorial ﬂows are made monthly by
the editorial board of BJAN, supported by SBA. Broadcast in
Portuguese and with simultaneous translation into Spanish,
the webinars are available on the BJAN and SBA platforms on
the internet. Improvement in scientiﬁc research and building skills of reviewers are considered as a contribution to
the improvement of the journal.
During the ongoing progress throughout the years, the
outcomes attained by BJAN result from the effort of the editors, editorial boards, and of everyone that has contributed
by sending articles, comments, criticism, suggestions, letters, e-mails, and by social media interactions. In 1951, the
then president of SBA, Renato Ribeiro, stated that it would
be possible to overcome all the challenges of the new journal with the support of the professionals of excellence who
would always seek improvements in the journal.1 This is the
spirit BJAN held during these 70 years, and will continue to
display in the many years to come, spreading knowledge and
fostering scientiﬁc progress, disseminating new knowledge
in anesthesiology in Brazil and worldwide.
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EDITORIAL

Comprehensive perioperative eye protection

Total postoperative visual loss is a rare complication that has
been described mainly after spine surgeries,1 and less frequently after heart surgery or other procedures.2 Several
types of ophthalmologic complications can increase morbidity and the risk of postoperative delirium, postponing
rehabilitation and contributing to increase hospital costs, in
addition to the potential decline in quality of life after hospital discharge. In addition to scarce studies on postoperative
visual changes, there is no consensus on risk factors associated with those complications and their actual incidence.
Similar to organic cardiovascular, pulmonary, or neurological protection, eye protection should be taken into account,
especially in view of risk of visual loss in speciﬁc types of
surgeries.
It is important to consider that the visual system has
an elaborate compensation mechanism for homeostatic
changes and that neuroadaptation is highly compensatory,
making changes that occur and their consequences minimal. The ﬁrst study on postoperative visual changes was
published in 1987 as a prospective assessment of patients
submitted to cardiovascular surgeries, in which postoperative neuro-ophthalmological changes were found and
characterized by areas of retinal infarction or emboli,
changes in visual ﬁeld, decreased visual acuity, and Horner
Syndrome.3 Although retrospective studies with thousands
of patients have been published, the actual incidence of
postoperative visual loss is not known.4,5 A Brazilian retrospective study that included 39,431 patients submitted to
non-ocular surgeries reported nine cases of ocular events
(2.3:10,000), one case of which of blurry vision, and no cases
related to visual loss.6
Few prospective studies have assessed perioperative
ocular or visual events. The limitations of intraoperative
intraocular pressure (IOP) monitoring, measurement of the
optic nerve sheath diameter, or even of measuring intracranial pressure (ICP) render possible preventive and protective
actions for visual loss difﬁcult. IOP is usually measured
by applanation tonometry, which measures the amount of

force required to ﬂatten a certain area of the cornea, and
values ranging between 10 and 20 mmHg are considered normal. However, the method has many limitations in terms
of isolated measurements, and is subject to nychthemeral
variation, variation in cornea width, type and quality of the
equipment used, body positioning, and technical skills of
who measures. Moreover, increased IOP is not necessarily
related to optic nerve injury or visual impairment.
Albeit limitations, there is interest for prospective studies assessing perioperative ocular and visual events that
add knowledge to the perioperative behavior of IOP, the
diameter of the optical nerve sheath, and of ICP itself in
different types of surgery. There is also interest in the
correlation between the behavior of these data and the
occurrence of delirium, cognitive dysfunction and other
signiﬁcant perioperative organic changes, and the possible
impact of such changes on postoperative outcomes. The
present edition of BJAN has articles related to the topic. One
of the articles assessed perioperative visual acuity and IOP
of patients submitted to major non-cardiac surgeries,7 and
another assessed patients submitted to heart surgery with
and without cardiopulmonary bypass.8 Two other observational studies9,10 assessed the effect of the head-down tilt
position during robotic prostatectomy on IOP, in that one of
the studies correlated IOP with the optic nerve sheath diameter. Indirectly related to the topic, this edition also brings
an original case report related to ICP and IOP behavior,
with noninvasive monitoring during robotic prostatectomy.11
Last, two studies assessed the role of regional eye anesthesia on IOP measurements and local perfusion. El Fawal
et al assessed the minimum effective volume (MEV) for
peribulbar blockade and possible association with ocular
complications.12 Cabral et al, in turn, assessed the effect
of clonidine as adjuvant to anesthetic blockade on IOP and
other eye perfusion parameters.13
Postoperative ocular or visual changes in nonophthalmological surgeries can be classiﬁed into four
groups:
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1 External eye injury or cornea trauma, that can result in
irritation, abrasion or laceration, prevented by care in
positioning, and using lubricants and eyelid occlusion.14,15
2 Cortical blindness, generally accompanied by a parietooccipital cerebrovascular accident. Cortical blindness
may result from global or focal ischemia, hypoxemia,
intracranial hypertension, hemorrhage, vascular occlusion, thrombosis, intracranial hemorrhage, vasospasm,
embolism, and cardiac arrest.16
3 Retinal ischemia or occlusion of the central artery of the
retina, that evolves with decreased blood supply to the
entire retina, while occlusion of the retinal artery branch
is a circumscribed lesion that only affects a portion of the
retina. The lesion is unilateral in most cases and the most
frequent cause is external eye compression, that leads to
increase in IOP and decrease in the central artery ﬂow of
the retina.17---19
4 Ischemic optic neuropathy (ION), most frequently associated with postoperative spine surgeries,3,20 can be
inﬂammatory or secondary to an occlusive disorder or
non-inﬂammatory condition of blood vessels. ION can lead
to neuronal injury caused by apoptosis, and can be replicated in vitro by reducing oxygen supply.21 Such studies
demonstrate that optic nerve ischemia contributes to diffuse axonal destruction. When oxygen supply decreases,
adenosine triphosphate is depleted, leading to membrane
depolarization and Na+ and Ca2+ inﬂow through speciﬁc
voltage-dependent channels with reversal exchange of
Na+ and Ca2+ in the pump.22 Cells become overloaded with
Ca2+ and impair the activation of proteolytic enzymes and
other metabolic processes.
Several predisposing factors have already been described
for postoperative visual changes, such as personal history
of atherosclerosis, diabetes mellitus, arterial hypertension,
obesity, among others. Lack of evidence for identifying
actual characteristics and incidence of postoperative visual
changes are the rationale for more studies on the topic.23
Among the several factors described as contributing to postoperative visual loss, are:
• Prone position during spine surgery: positioning the head
below the heart may lead to increased IOP. This pressure
increase mechanism was proven based on the assessment of patients in the head-down tilt position,24 with
higher pressure on episcleral vessels. Eye perfusion pressure results from the difference between mean arterial
pressure and IOP. Whenever possible, it is recommended
to position a patient’s head above the level of the heart,
or in a neutral position during spine surgery on a prone
position patient, maintaining cardiac output and perfusion pressure of the optical nerve.25,26
• External pressure over the eye: it is a complication
mainly observed during spine surgeries performed with a
patient in prone position, and patients with face anatomy
abnormality, osteogenesis imperfecta, and exophthalmia
are more vulnerable to external compression to the
eyes. Moreover, retinal ischemia can be related to
systemic-related decreased blood perfusion, thrombosis, or local embolism, in addition to impaired retinal
venous drainage.17---19 In order to prevent ischemia, attention should be paid to patient positioning, avoiding eye

•

•
•

•

globe compression or inadvertently leaning of equipment
or of a surgical team member on patients’ eyes. Observation should be ongoing even when using appropriate
positioners, and using a mirror with indirect view of eye
positioning is recommended.
Arterial hypotension: brain hypo ﬂow can contribute
to a likely change in blood ﬂow in vessels and to the
optical nerve. The literature does not offer enough evidence to quantify the level of potentially dangerous
hypotension.16,24
Hemodilution: hemodilution associated with major anemia can be an additional factor in the impairment of tissue
perfusion.22,27,28
Hypervolemia: hyper-hydration can make tissue perfusion difﬁcult, and has been described in cases of ION.
Given the central retinal vein is near the optical nerve,
the ‘‘internal compartment syndrome’’ can occur. Alternatively, accumulation of ﬂuid in the proximity to the
cribriform plate can compress axons.
Vasopressors: a relationship between prolonged infusion
of vasopressors and ION has been described in patients
submitted to cardiac surgery29 and spine surgery.30
However, the role of vasopressors remains unclear.
Hypertensive patients treated with ACE-inhibitors or
angiotensin II receptor blockers, frequently along with
betablockers or calcium channel blockers, are more prone
to developing ION. These patients frequently become
unstable during the intraoperative and can require vasopressors for hemodynamic stabilization.31

Several risk factors can be present on the same patient
unpredictably, especially in those who present some level
of arterial hypotension, hypovolemia, and/or anemia. Arterial hypotension, bleeding, prolonged surgery, and volume
overload can occur frequently in several patients submitted
to major surgery. A combination of these factors, possibly
together with abnormal self-regulation in the posterior portion of the optic nerve, pro-thrombotic trends, and other
speciﬁc patient factors, can lead to enough decreased oxygen supply to the optical nerve to cause ischemic injury.18,24
In this edition of BJAN, Badessa et al7 performed a
prospective observational study that included visual acuity and IOP assessment in the pre- and postoperative
periods of elderly patients submitted to long major nonophthalmological surgeries to assess the incidence and
risk factors for postoperative visual changes. Among the
107 elderly patients assessed, 21 presented visual function impairment on the third postoperative (PO) day, and
of those, 33% on the 21st PO, totaling 6.5% of total patients
assessed. It was possible to identify that the changes were
characterized by distance visual acuity reduction shown by
the Snellen table with change in refraction on the 3rd and
21st PO, accompanied by increased IOP on the 3rd PO, with
improvement on the 21st PO. Diabetes mellitus, duration
of surgery, and arterial hypotension during induction were
considered independent risk factors for postoperative visual
dysfunction.
Erol et al.8 studied 45 patients submitted to cardiac
surgery, comparing IOP in procedures with pulsatile and nonpulsatile cardiopulmonary bypass, and surgeries without
cardiopulmonary bypass. IOP was assessed before, during,
and after surgery, and during cardiopulmonary bypass, it
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decreased more prominently in patients submitted to nonpulsatile cardiopulmonary bypass. During head-down tilt
positioning for surgeries without cardiopulmonary bypass,
some patients presented transient increase in IOP.
Robotic technology for prostatectomy is increasingly frequent. Such procedures, as for robotic surgery for other
pelvic procedures, require steep head-down tilt body positioning, with transient increase in IOP, and it is a relative
counterindication for patients with open angle glaucoma,
aimed at avoiding additional damage to the optical nerve.32
The presence of ION has been reported for surgeries
with over ﬁve-hour duration (example: radical laparoscopic
prostatectomy), with values of IOP above 40 mmHg.16,33
This edition of BJAN is publishing two articles related to
IOP assessment in robotic prostatectomy. Balkan et al.9
investigated the effect of the Trendelenburg position (35o
to 45o) and abdominal carbonic gas insufﬂation on the
diameter of the optical nerve sheath, IOP and hemodynamics during robot-assisted laparoscopy for prostatectomy
in 34 patients. The authors observed increase in IOP during head-down tilt position, without signiﬁcant correlation
with the optical nerve sheath diameter. In another study,
Kondo et al.10 assessed 21 patients to quantify changes
in IOP in time in patients put on the Trendelenburg position during robot-assisted laparoscopy for prostatectomy.
In addition to conﬁrming increased IOP during Trendelenburg positioning, the authors concluded that the increase
was moderate 90 minutes after positioning, with a mean
IOP value 7 mmHg above baseline, resuming to the baseline value roughly 30 minutes after returning to the supine
position.
Little is known on the intraoperative correlation between
ICP and IOP. The new Brain4careTM monitor registers noninvasive intracranial compliance measurements, based on
small cranial volume variations, using a tension measurer
positioned on temporal bone skin. The monitor analyzes
intracranial pressure waves to determine if brain compliance is preserved or not.34,35 In this edition of BJAN, Saba
et al describe the case of an elderly patient submitted
to robotic prostatectomy with noninvasive ICP monitoring with Brain4careTM .11 Such monitoring revealed normal
intracranial compliance during anesthesia induction, with
fast increase after head-down tilt positioning, despite normal vital signs, low pulmonary pressure, and appropriate
anesthesia depth. In addition to such monitoring allowing
early detection of changes and treating increased ICP, the
changes observed coincide with the increase observed in
other studies on IOP during robotic surgery head-down tilt
position. Future studies can assess the correlation between
IOP and noninvasive ICP measurements during robotic surgeries performed in steep head-down tilt position.
Further in this edition, El Fawal et al. assessed MEV for
peribulbar blockade.12 By using an up-and-down method, the
authors showed that MEV was inversely proportional to the
axial length of the eye globe. Cabral et al, in turn, concluded that adding 1 mcg. kg-1 of clonidine to the subtenion
blockade for cataract surgeries reduced IOP and ocular pulse
amplitude, without affecting eye perfusion pressure.13 Both
studies provide evidence on the correlation between ocular
pressure and perfusion measurements, and volume of anesthetics in ophthalmological blocks and adding adjuvants,
which is extremely important to avoid complications.

High-risk patients should be identiﬁed in the preoperative and the likelihood of postoperative visual impairment
should be discussed in detail, along with prevention
strategies,16,24,36 and specialized ophthalmologic assessment may be indicated in some cases. Careful positioning,
hemodynamics, hematocrit levels and arterial oxygenation
optimization contribute to the prevention of postoperative
visual changes.37 Although ocular perfusion can be normal
during normotension, transient increases in IOP should be
considered to occur, for example during tracheal extubation,
and transiently impair such perfusion.24,33
Postoperative ocular or visual impairment should be
assessed early by a specialist. In the case of central artery
occlusion of the retina, treatment of patients without a history of glaucoma can include eye massage to reduce IOP
or attempt to free retinal ﬂow. Intravenous acetazolamide
and oxygen inhalation have been attempted to improve dilation and increase oxygen supply from retinal vessels and the
choroid, and the indication for thrombolysis can be discussed
with an expert, albeit a procedure frequently contraindicated in the immediate postoperative period.37,38
More studies are required for assessing risk factors,
prevention, monitoring, diagnosis. and treatment of perioperative visual impairment, especially in patients who
present transient blurry vision. Comprehensive eye protection in the perioperative should be encouraged, especially
for patients submitted to robot-assisted procedures and in
Trendelenburg position, during heart or spine surgery, as
well as in those with preoperative risk factors and submitted to major surgical procedures. The literature does not
present consensus on IOP monitoring or optical nerve sheath
diameter measurements during the intraoperative. The possibility of optimizing intraoperative neurological monitoring
with noninvasive intracranial pressure measurements can
contribute to eye protection and prevention of postoperative complications, especially for high-risk patients.
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Abstract
Background: Elderly patients may present with visual function impairment after surgery, which
may increase the incidence of postoperative delirium and falls and decrease their quality of
life. The aim of this study was to assess visual function in elderly patients after long-duration
nonocular surgery to determine the incidence and risk factors for visual function impairment
after surgery.
Methods: This prospective and observational study included patients aged between 60 and 80
years who had been scheduled for elective non-ocular surgery expected to last longer than
120 minutes under general anaesthesia. Ocular examinations were performed before surgery,
on post-operative day 3 and on post-operative day 21 and consisted of a LogMAR-Snellen chart
test, a Jager chart test, biomicroscopy, optical tonometry, ocular motility assessment and fundoscopy. Baseline characteristics of all patients as well as intraoperative and postoperative
data were collected.
Results: A total of 107 patients were included in the ﬁnal analysis. Visual function impairment
was diagnosed in 21 patients (19.6%) at POD 3. Of those, 7 patients (6.5%) still presented with
visual changes at POD 21. On POD 3, compared with that at baseline, visual acuity assessed
by the Snellen chart test had decreased in these patients. Signiﬁcant differences regarding
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refraction tests and intraocular pressure measures were also found. Multivariable analysis identiﬁed diabetes mellitus, duration of surgery, hypotension during anaesthesia induction, lower
peripheral oxygen saturation at the end of the procedure and body mass index as independent
risk factors for postoperative visual impairment.
Conclusion: In elderly patients undergoing long-duration non-ocular procedures under general
anaesthesia, the incidence of visual function impairment was considerably high. Most patients
recovered to baseline visual function, but clinically signiﬁcant visual changes may still be
present 3 weeks after surgery. Obesity, diabetes mellitus, and the duration of surgical and
anaesthetic techniques appear to increase the risk of visual impairment after 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/bync-nd/4.0/).

Introduction
Perioperative visual function impairment after non-ocular
surgery is a complication of surgery whose incidence,
severity and clinical presentation vary among patients. Perioperative Visual Loss (POVL) is the most severe presentation,
with increased prevalence after cardiac, spine, head and
neck and some orthopaedic procedures.1,2 Fortunately, this
impairment is a very rare complication, and its incidence
is approximately 5.4 per 10,000 patients for transient POVL
and 0.16 per 10,000 patients for permanent POVL.3---5 Nevertheless, milder forms of postoperative visual changes may
not easily be perceived by clinicians, and the real incidence of perioperative visual changes has not yet been well
established. Elderly patients may be at high risk for this
complication, which may also increase the incidence of postoperative delirium and the risk of falls, leading to anxiety
and decreased quality of life.
Previous studies have attempted to determine the frequency and natural history of perioperative changes in
vision. Warner et al.6 prospectively performed an ocular
examination based on accommodation-acuity tests and pupil
size measurements in 671 patients undergoing a variety of
surgical procedures. The incidence of postoperative changes
in accommodation and visual acuity was 4.2%. Unfortunately, the authors could not identify any signiﬁcant risk
factors for this problem. The ﬁndings of Warner et al. are
not relevant for clinical practice because an ocular examination is not a routine postoperative evaluation, and visual
changes may affect postoperative outcomes.
It has been hypothesized that the incidence of perioperative visual changes in elderly patients might be higher than
previously perceived. The aim of this study was to determine
the incidence of perioperative visual function impairment
in elderly patients undergoing non-ocular surgery through a
complete ocular examination and to identify risk factors for
postoperative visual changes.

Methods
Study design and setting
This study was a prospective cohort study performed at a
university hospital, namely, the of Hospital das Clínicas, Faculdade de Medicina da Universidade de São Paulo, Brazil,

and was carried out between August 2014 and March 2016.
The original protocol was approved by the university’s Ethics
Committee of Hospital das Clínicas, Faculdade de Medicina
da Universidade de São Paulo (FMUSP). The study followed
the recommendations of the International Conference on
Harmonization-Good Clinical Practice Guidelines, and written consent forms were obtained from all patients or their
legal guardians.

Study participants
Patients aged between 60 and 80 years who were scheduled
for elective surgery requiring general anaesthesia longer
than 120 minutes in duration were included. Patients who
were scheduled to undergo cardiac surgery, ophthalmologic surgery, spine surgery, head and neck surgery and
otorhinolaryngology surgery were not included. Additionally, patients who were expected to have postoperative
mechanical ventilation for more than 24 hours, patients with
psychiatric disorders, comprehension deﬁcit, signiﬁcant
preoperative ophthalmologic alterations such as glaucoma,
congenital cataract, senile cataract, retinopathy (diabetic,
immune, hypertensive), single eye, ocular trauma with
unilateral or bilateral blindness, keratoconus and rheumatologic visual alterations were excluded. All patients were
submitted to the Mini-Mental State Examination (MMSE)
for screening for cognitive alterations, with cut-off points
adjusted based on the educational level of the individuals.
Only individuals with scores between 18 and 23 on the MMSE
scale were included in the project. Due to logistical reasons
related to the ophthalmologic examinations, patient recruitment was performed only Mondays after hospital admission.
During a pre-anaesthesia evaluation, patients were assessed
for eligibility, and after obtaining written consent, they
were included in the study and referred for a preoperative
ophthalmologic examination by experienced ophthalmologists. Detailed information about participant selection is
available in the supplemental material. Surgical and anaesthetic procedures were not standardized for the study and
were selected at the discretion of the attending surgeon
and anaesthesiologist. Patients were followed up at PostOperative Day (POD) 3 and at POD 21 for the main outcome.
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ﬁgure* 1

Study protocol ﬂuxogram.

Ophthalmologic examinations
All patients selected for the study were referred to the
ophthalmologic clinic located in the outpatient block of
the of Hospital das Clínicas, Faculdade de Medicina da
Universidade de São Paulo (FMUSP), and the following ophthalmologic tests were performed: vision acuity assessment
using a Snellen chart and a Jaeger card, bio-microscopy,
ocular tonometry, ocular motility and fundoscopy. A full
description of the ophthalmologic tests is available in the
supplemental material. All ophthalmologic tests were performed by or under the supervision of an experienced
ophthalmologist. The study patients were examined on the
eve of their surgical procedure (baseline test), at POD 3 and
at POD 21. Only patients with alterations at POD 3 relative
to baseline were scheduled to undergo ophthalmologic tests
at POD 21 (Fig. 1). Postoperative visual function impairment
was deﬁned as any visual impairment or alteration relative
to the baseline examination.

Data collection
In addition to the data related to the ophthalmologic tests,
baseline characteristics of the study patients, such as age,
sex, body mass index, previous chronic diseases such as systemic arterial hypertension, diabetes mellitus, tobacco use,
chronic obstructive pulmonary disease, atrial ﬁbrillation,
hypothyroidism, dyslipidaemia, gastroesophageal reﬂux disease, chronic hepatitis/liver cirrhosis and chronic kidney
disease, were also collected. Further recorded data included
a physical status classiﬁcation based on the American
Society of Anesthesiologists, type and duration of the surgical procedure, intraoperative patient position, anaesthetic
agents administered, the need for blood transfusion, type
and amount of ﬂuids given in the intraoperative period,
haemoglobin concentration before and after surgery, and
temperature, pulse oximetry, end tidal CO2 , heart rate, and

arterial blood pressure immediately before and after anaesthesia induction and at the end of the procedure.

Risk of bias
To minimize the risk of bias, all patients were selected from
the same general population using rigorous inclusion and
exclusion criteria, and data collection was standardized and
blinded. All data was collected prospectively. The preoperative and postoperative ophthalmologic examinations were
performed by or under the supervision of an experienced
ophthalmologist. Patients who were lost to follow-up were
excluded from the ﬁnal analysis.

Statistical analysis
Based on the hypothesis that postoperative visual function
impairment occurs in approximately 15% of elderly patients
and considering a 95% Conﬁdence Interval and an 80% power
of analysis for unilateral difference (calculations based on
a normal approximation to the binomial distribution), the
necessary calculated sample was 95 patients (estimate of
20% for loss of follow-up).
We compared baseline characteristics, follow-up measures and clinical outcomes between the groups (patients
with or without postoperative visual impairment). Continuous and semi-continuous variable data were initially
compared with the Gaussian curve by means of the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Sample means
and standard deviations are used to represent data with
parametric behaviours, whereas medians and interquartile ranges are used to represent data with nonparametric
behaviour. Parametric variables were analysed by the paired
Student’s t-test, whereas non-parametric variables were
assessed using the Mann-Whitney U test. Categorical data
are presented as absolute (n) and percentage (%) values and
were analysed using the chi-square test, Fisher’s exact test,
or a likelihood test. Comparisons of the values obtained from
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the visual acuity tests using the Snellen chart, ocular tonometry and the refraction test over time were made using
repeated-measures analysis of variance (ANOVA) and the
post hoc Tukey’s test. Stepwise multiple logistic regression
analysis was performed to estimate the predictive factors
for postoperative visual function impairment, including risk
factors that were ﬁrst estimated in the univariable analysis (p < 0.10). A statistical signiﬁcance of 5% was adopted
(p < 0.05).
Calculations were performed using the following software programs: Microsoft Excel for Windows (Microsoft
Corp., Redmond, WA, USA), IBM SPSS Statistics 20.0 for Mac
(SPSS Inc., Chicago, IL, USA), and GraphPad Prism 4.0 for
Windows (GraphPad Software Inc., San Diego, CA, USA).
A one-tailed test was used to calculate the sample
because it was expected that visual acuity would worsen
in the postoperative period. If visual acuity was expected
to have remained unchanged or improved, a two-tailed test
would have been used.

Results
Of a total of 203 patients assessed for eligibility, 110
patients were enrolled in the study. Of those, 107 completed
follow-up and were included in the ﬁnal analysis. Three participants were lost to follow-up due to clinical conditions
that precluded them from undergoing the ophthalmologic
examination at POD 3 (Fig. 2). The characteristics of the
study participants are described in Table 1.

Outcome data
Patients with postoperative visual alterations presented
with a lower body mass index and a higher prevalence
of diabetes mellitus, tobacco use, chronic liver disease
and gastroesophageal reﬂux disease than patients without postoperative visual abnormalities. Regarding surgicaland anaesthetic-related variables, patients with postoperative visual alterations required longer surgical procedures,
received more ﬂuids, received more blood transfusions, and
presented with a lower haemoglobin concentration after
surgery. In addition, the intraoperative head-up position
was more common among patients with postoperative visual
alterations. Intraoperative fentanyl was required signiﬁcantly more often among patients with postoperative visual
impairment. The incidence of hypotension after anaesthetic
induction and the need for ephedrine or metaraminol were
signiﬁcantly higher in patients with postoperative visual
impairment (Table 2).
A total of 21 patients presented with postoperative visual
function impairment in at least one of the ophthalmologic tests relative to the baseline examination. Except for
the refraction tests, preoperative ophthalmologic test performance was similar between patients with and without
postoperative visual alterations. Patients with postoperative visual alterations presented with a better performance
in the preoperative refraction tests than patients without
postoperative visual alterations. However, at POD 3, visual
acuity as assessed by the Snellen chart test was decreased
in these patients relative to baseline. Signiﬁcant differences
regarding refraction tests and intraocular pressure measures

were also found (Table 3). Of the 21 patients who presented
with visual alterations, 14 fully recovered at POD 21.
Regarding perioperative monitoring variables, patients
with postoperative visual alterations presented with lower
peripheral oxygen saturation before anaesthetic induction,
after anaesthetic induction and at the end of the surgery
than patients without postoperative visual alterations. In
addition, heart rate was higher after anaesthetic induction
and at the end of the surgical procedure among patients
with postoperative visual alterations. Additionally, systolic
blood pressure was higher before anaesthetic induction but
lower after anaesthetic induction and at the end of the
surgery among patients with postoperative visual alterations
than among patients without postoperative visual alterations (Table 4).
In the multivariable analysis, independent risk factors
for postoperative visual alterations were higher body mass
index, lower peripheral oxygen saturation at the end of the
surgery, higher heart rate and lower systolic blood pressure
after anaesthetic induction, and longer duration of surgical
procedure (Table 5).

Discussion
This study found that approximately one in ﬁve elderly
patients who underwent non-ocular surgery with a duration
longer than 2 hours and under general anaesthesia presented
with postoperative visual impairment at POD 3. Additionally,
one in ﬁfteen of those patients continued presenting with an
alteration of visual function as late as 3 weeks after surgery.
Lower BMI, higher duration of surgery, lower SBP after anaesthesia induction and lower peripheral oxygen at the end of
the surgery were identiﬁed as independent risk factors for
postoperative visual function impairment in this population.
Very few studies have aimed to describe the frequency
and natural history of perioperative visual changes. As previously mentioned, Warner et al.5 used a limited ocular
examination to assess patients after surgery and found an
incidence of postoperative visual changes of 4.2%, lower
than the incidence found in the current study. However,
there are some differences between this study and the study
performed by Warner and colleagues. Here, only elderly
patients were included, which could explain the higher
incidence of postoperative visual alterations, as previous
studies have described age as an independent risk factor
for ophthalmologic complications, such as ischaemic optic
neuropathy.7 In addition, a more complete ophthalmologic
examination was performed in the present study, which may
have improved the accuracy of the diagnosis of reduced
visual acuity.
Although this study was not designed to provide a mechanistic explanation for postoperative visual impairment,
based on the identiﬁed risk factors, it was hypothesized that
hypoperfusion may have played a major role in its pathogenesis. Hypotension during the surgical procedure may have
led to hypoperfusion of structures of the posterior compartment of the eye and caused transient ischaemia of
the optic nerve and/or retina. Depending on the severity
and duration of the ischaemic insult, patients may present
with transient visual impairment or loss, with recovery
to normal vision or even permanent blindness. Reduced
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ﬁgure* 2
Table 1

Study ﬂow chart.

Baseline characteristics of the study participants.

Variable

Age (years)
BMI (kg.m-2 )
Physical status
ASA I
ASA II
Comorbidities
Systemic arterial hypertension
Atrial ﬁbrillation
COPD
Smoking
Hypothyroidism
Diabetes mellitus
Dyslipidaemia
GERD
Hepatitis B
CRF
Procedures
Gastrointestinal procedure
Gynaecologic procedure
Liver and biliary tract procedure
Peripheral vascular surgery
Plastic surgery
Urologic procedure

p-value

Visual function alterations
No (n = 86)

Yes (n = 21)

66 (62---72)
25 (23---27)

68 (63---74)
22 (21---26)

0.494a
0.015a

8 (9.3%)
78 (90.7%)

2 (9.5%)
19 (90.5%)

1.000b

75 (87.3%)
7 (87.5%)
5 (5.8%)
9 (10.5%)
1 (1.2%)
12 (13.9%)
7 (8.1%)
0 (0%)
0 (0%)
2 (2.3%)

17 (80.9%)
1 (12.5%)
2 (9.5%)
8 (38.1%)
0 (0%)
9 (42.9%)
3 (14.3%)
2 (9.5%)
2 (9.5%)
0 (0%)

0.488b
1.000b
0.621b
0.005b
1.000b
0.006b
0.408b
0.037b
0.037b
1.000b
0,012d

20 (23.3%)
11 (12.8%)
13 (15.1%)
11 (12.8%)
1 (1.2%)
30 (34.9%)

11 (52.4%)
1 (4.8%)
3 (14.3%)
5 (23.8%)
0 (0%)
1 (4.8%)

Data are presented as absolute (n) and relative (%) values or medians and interquartile ranges. BMI, Body Mass Index; COPD, Chronic
Obstructive Pulmonary Disease; GERD, Gastroesophageal Reﬂux Disease; CRF, Chronic Renal Failure.
c Chi-Square test.
a Mann-Whitney U test.
b Fisher’s exact test.
d Likelihood Ratio.
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Table 2

Postoperative clinical and laboratory data of the study participants.

Variable

p-value

Visual function alterations

Duration of anaesthesia (min)
Duration of surgery (min)
Fluid therapy and blood transfusion
Crystalloids (mL)
Red blood cell transfusion
Preoperative Hb (g.dL-1 )
Postoperative Hb (g.dL-1 )
Surgical position
Head-up
Trendelenburg
Anaesthetic agents
Remifentanil
Succinylcholine
Etomidate
Fentanyl (mcg)
Propofol (mg)
Cisatracurium (mg)
Midazolam (mg)
Rocuronium (mg)
Vasopressor agents (ephedrine and metaraminol)
Vasopressor agents (ephedrine and metaraminol)

No (n = 86)

Yes (n = 21)

160 (140---240)
140 (125---200)

260 (170---340)
220 (148---310)

0.005a
0.007a

1500 (1500---3000)
0 (0%)
13 (12---13)
12 (11---13)

3000 (1550---3500)
2 (9.5%)
13 (11---13)
10 (10---12)

0.001a
0.037b
0.818a
0.001a

6 (6.9%)
54 (62.8%)

6 (28.6%)
14 (66.7%)

0.004
0.137

12 (13.9%)
1 (1.2%)
1 (1.2%)
250 (250---300)
150 (140---166)
16 (0---20)
2 (0---5)
50 (50---50)
16 (18.6%)
0 (0---0)

3 (14.3%)
1 (4.8%)
0 (0%)
350 (275---500)
160 (140---170)
12 (0---20)
0 (0---4)
50 (0---50)
12 (57.1%)
5 (0---5)

1.000b
0.355b
1.000b
0.002a
0.660a
0.531a
0.418a
0.515a
<0.001c
0.001a

Data are presented as absolute (n) and relative (%) values or as medians and interquartile ranges. Hb, Haemoglobin.
a Mann-Whitney U test.
b Fisher’s exact test.
c Chi-Square test.

Table 3

Patient results from preoperative and postoperative day 3 visual acuity tests and intraocular pressure measurements.

Variable

LogMAR Snellen --- right eye
Preoperative
POD 3
LogMAR Snellen --- left eye
Preoperative
POD 3
IOP --- right eye
Preoperative
POD 3
IOP --- left eye
Preoperative
POD 3
Refraction test --- right eye
Preoperative
POD 3
Refraction test --- left eye
Preoperative
POD 3

Total (n = 107)

No visual alteration (n = 86)

Visual alteration (n = 21)

pc

Mean

SD

pa

Mean

SD

pb

Mean

SD

pb

0.28
0.31

0.19
0.21

0.001

0.29
0.29

0.20
0.21

0.233

0.23
0.39

0.14
0.19

<0.001

0.189
0.035

0.28
0.31

0.20
0.21

0.001

0.29
0.29

0.20
0.21

0.235

0.23
0.40

0.15
0.21

<0.001

0.237
0.022

14.55
14.77

1.75
1.79

0.001

14.59
14.56

1.74
1.75

0.320

14.38
15.62

1.80
1.77

<0.001

0.621
0.014

14.58
14.79

1.81
1.88

0.001

14.63
14.59

1.82
1.82

0.320

14.38
15.57

1.80
1.96

<0.001

0.578
0.032

1.67
1.72

0.59
0.58

<0.001

1.73
1.73

0.63
0.63

---

1.43
1.68

0.35
0.32

<0.001

0.004
0.600

1.62
1.67

0.59
0.57

<0.001

1.68
1.69

0.59
0.58

0.159

1.37
1.61

0.52
0.52

<0.001

0.031
0.556

SD, Standard Deviation; POD 3, Postoperative Day 3; IOP, Intraocular Pressure.
a Student’s t test.
b Repeated-measures analysis of variance (ANOVA): preoperative vs. postoperative.
c Repeated-measures ANOVA: no visual alteration vs. visual alteration.
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Table 4

Perioperative monitoring data of the study participants.

Monitoring variable

p-value

Visual function alterations
No (n = 86)

Yes (n = 21)

36 (36---36)
35 (35---36)
35 (35---36)

36 (35---36)
35 (35---36)
35 (35---36)

0.062
0.751
0.984

99 (98---99)
99 (99---99)
99 (99---99)

97 (96---99)
99 (98---99)
97 (96---99)

<0.001
0.003
<0.001

42 (39---42)
35 (35---35)
39 (38---40)

42 (39---44)
35 (31---36)
39 (37---42)

0.344
0.207
0.864

73 (64---80)
65 (59---72)
66 (60---73)

70 (66---81)
72 (61---80)
72 (70---85)

0.832
0.041
0.001

130 (124---136)
100 (100---112)
125 (120---130)

140 (130---140)
90 (85---110)
124 (115---130)

0.008
0.002
0.568

80 (67---85)
55 (45---60)
65 (60---74)
400 (328---500)

80 (65---85)
50 (45---60)
70 (60---83)
500 (300---650)

0.686
0.207
0.320
0.225

◦

Temperature ( C)
Before induction
After induction
At the end of surgery
SpO2 (%)
Before induction
After induction
At the end of surgery
ETCO2 (mmHg)
Before induction
After induction
At the end of surgery
HR (bpm)
Before induction
After induction
At the end of surgery
SBP (mmHg)
Before induction
After induction
At the end of surgery
DBP (mmHg)
Before induction
After induction
At the end of surgery
Diuresis (mL)

Data are presented as the median and interquartile range. SpO2 , Peripheral Oxygen Saturation; ETCO2 , End-Tidal Carbon Dioxide; HR,
Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure.

Table 5

Multivariable analysis of predictive factors for postoperative visual function alteration.

Variable

OR

95% CI

BMI (kg.m-2 )
SpO2 at the end of surgery (%)
HR after induction (bat/min)
SBP after induction (mmHg)
Duration of surgery (min)

0.627
0.142
1.175
0.848
1.025

0.459
0.053
1.057
0.767
1.010

p-value
0.858
0.382
1.306
0.938
1.041

0.030
<0.001
0.003
0.001
0.001

OR, Odds Ratio; CI, Conﬁdence Interval; SpO2 , Peripheral Oxygen Saturation; HR, Heart Rate; SBP, Systolic Blood Pressure.

blood ﬂow in the vertebrobasilar system and posterior visual
sensory pathways and visual cortex dysfunction may also
be involved in the pathogenesis of postoperative visual
dysfunction.8---11 Elderly patients are more susceptible to eye
hypoperfusion due to a higher prevalence of diabetes, cardiac arrhythmia, atherosclerosis and arterial stenosis of the
great vessels. However, classical ﬁndings of ischaemic optic
nerve and retinal ischaemia, such as optic disc oedema, retinal microaneurysms, cotton wool spots, ﬂame or blot retinal
haemorrhages, were not found in our patients on postoperative fundoscopy.9,10 Nevertheless, such ﬁndings are normally
described in severe ischaemia of the retina or optic nerve,
and the clinical presentation is visual loss, which is a rare
ophthalmologic condition and is often associated with circulatory shock or vascular occlusive phenomena leading
to complete interruption of blood supply to the eye. Our

patients may have experienced mild ischaemia of the retina
or optic nerve, which is characterized with transient visual
alterations, blurred vision, or reduced visual acuity, but it
could not be perceived on fundoscopy examination.
Regarding the limitations of the study, it can be stated
that due to logistic limitations of the ophthalmologic clinic,
the ophthalmologic examinations could only be performed
on Mondays and Fridays. Therefore, we were only able to
assess patients at POD 3, and whether other factors related
to the postoperative period could be involved in the visual
function impairment of the patients cannot be excluded.
Additionally, for the same reason, the ophthalmologic examinations could not be performed for all patients included
in the study at POD 21, only for those who presented with
visual alteration at POD 3. In addition, we did not assess
the long-term patient outcomes regarding their visual func605
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tion. Consequently, we could not precisely describe the real
incidence and natural history of the postoperative visual
alterations since complete follow-up patient data were only
available for postoperative day 3. Additionally, none of
the patients were assessed through a more accurate diagnostic method, such as ﬂuorescein angiography or optical
coherence tomography, which could have provided more
information about the pathogenesis of the reduced visual
acuity.12 Nonetheless, it is worth mentioning that a detailed
description of the incidence and natural history of visual
function of patients undergoing non-ocular surgery would
require a complete ophthalmologic follow-up, which would
be extremely costly and unfeasible. The study was a singlecentre study performed at a university hospital, and almost
50% of patients assessed for eligibility were not included
due to a higher incidence of exclusion criteria. Therefore,
the generalization of the ﬁndings is limited.
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Abstract
Background and objectives: To investigate the effect of the steep Trendelenburg position (35◦
to 45◦ ) and carbon dioxide (CO2) insufﬂation on optic nerve sheath diameter (ONSD), intraocular
pressure (IOP), and hemodynamic parameters in patients undergoing robot-assisted laparoscopic prostatectomy (RALP), and to evaluate possible correlations between these parameters.
Methods: A total of 34 patients were included in this study. ONSD was measured using ultrasonography and IOP was measured using a tonometer at four time points: T1 (5 minutes after
intubation in the supine position); T2 (30 minutes after CO2 insufﬂation); T3 (120 minutes in
steep Trendelenburg position); and T4 (in the supine position, after abdominal exsufﬂation).
Systolic and diastolic arterial pressure, heart rate, and end-tidal CO2 (etCO2) were also evaluated.
Results: The mean IOP was 12.4 mmHg at T1, 20 mmHg at T2, 21.8 mmHg at T3, and 15.6 mmHg
at T4. The mean ONSD was 4.87 mm at T1, 5.21 mm at T2, 5.30 mm at T3, and 5.08 at T4. There
was a statistically signiﬁcant increase and decrease in IOP and ONSD between measurements at
T1 and T4, respectively. However, no signiﬁcant correlation was found between IOP and ONSD.
A signiﬁcant positive correlation was found only between ONSD and diastolic arterial pressure.
Mean arterial pressure, heart rate, and etCO2 were not correlated with IOP or ONSD.
Conclusions: A signiﬁcant increase in IOP and ONSD were evident during RALP; however, there
was no signiﬁcant correlation between the two parameters.
© 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/bync-nd/4.0/).
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Introduction
With the advent of the Da Vinci Surgical System (Intuitive
Surgical Inc., Sunnyvale, CA, USA), robot-assisted laparoscopic prostatectomy (RALP) has been increasingly used
in recent years. This procedure requires different patient
positions to facilitate operative exposure. After the initial supine position, the patient is placed in the lithotomy
position to create pneumoperitoneum through abdominal
carbon dioxide (CO2) insufﬂation, followed by the steep
Trendelenburg position (STP). These three positions can
cause hemodynamic alterations that may have an effect on
intraocular pressure (IOP) and intracranial pressure (ICP).1,2
IOP is regulated by aqueous humor production and outﬂow. While the production of aqueous humor is usually
stable, outﬂow of aqueous humor to the venous system is
affected by choroidal blood volume, vitreous humor volume,
extraocular muscle tone, and auto-regulation.3 During surgical procedures, possible blood loss combined with increased
IOP can cause a decrease in optic nerve perfusion and, eventually, postoperative vision loss. Avoiding increases in IOP is
important in preventing optic nerve damage, particularly in
high-risk patients.
The optic nerve sheath is the extension of meninges and
subarachnoid dura mater and is dilated through increased
ICP.4 Noninvasive measurements of the dilated optic nerve
sheath diameter (ONSD) using ultrasonography have been
demonstrated to be directly associated with the ICP, which
may increase while patients are in the STP.5
In the present study, we investigated the effect of different operational positions for RALP on ONSD and IOP. More
speciﬁcally, we aimed to evaluate the effect of arterial pressures, heart rate (HR), and end-tidal CO2 (etCO2) on IOP and
ONSD. Additionally, we aimed to examine whether there is
any correlation between IOP and ONSD.

Methods
This study included 34 patients aged 50 to 80 years who
were scheduled for RALP at Health and Sciences University
Bakırkoy Doctor Sadi Konuk Training and Research Hospital between September 2017 and August 2018. Patients
with an intracranial lesion, previous intracranial operation,
glaucoma, previous eye surgery, cardiac, hepatic, renal,
or neurological disease increasing the American Society of
Anesthesiologists (ASA) physical status ≥ III, and those who
did not provide consent to participate were excluded from
the study. All patients included in the study were fully
informed about the purposes of the study, and written consent was obtained from each. The study was approved by the
ethics committee of Health and Sciences University Bakırkoy
Doctor Sadi Konuk Training and Research Hospital Hospital
and adhered to the tenets of the Declaration of Helsinki
(Decree No. 2017/212, July 31, 2017).
All patients received standard anesthesia induction and
maintenance. No preoperative premedication was administered. Standard anesthesia induction was performed using
midazolam 3 mg (intravenous [IV]), fentanyl 1.5 g.kg−1
(IV), propofol 2 mg.kg−1 (IV), and rocuronium bromide
0.6 mg.kg−1 . Orotracheal intubation was performed. Before
surgery, gastric emptying was achieved using an orogas-

tric tube and free drainage was established. All patients
underwent mechanical ventilation in the pressure-regulated
volume control mode. The standard mechanical ventilation
setting was applied as follows: fraction of inspired oxygen (FiO2) 40%; tidal volume 6 to 8 mL.kg−1 ; respiratory
rate 12 to 15 breaths/min (intervention in the presence
of etCO2 > 40 mmHg); inspiration/expiration 1/2; and positive end-expiratory pressure 6 to 7 cmH2O. Maintenance of
anesthesia was achieved using sevoﬂurane: minimum alveolar concentration 1 with fresh gas ﬂow (3 L.min−1 ) and
remifentanil 0.05---0.5 g.kg−1 .min−1 . Surgical muscle relaxation was maintained using repeat doses of rocuronium
bromide 0.10 mg.kg−1 .
Arterial blood pressure was kept constant at a maximal
decline of 20% compared to the pre-induction value. All procedures were performed by a single experienced urologist.
Before termination of vesicoureteral anastomosis, crystalloid ﬂuid was controlled at a maximum dose of 100 mL.
Patients were placed supine, and a Veress needle was
inserted into the infra-umbilical region and CO2 insufﬂation was started, with pressure preset to 12 mmHg. Patients
were then placed in the STP (35◦ to 45◦ horizontally), which
was the maximal Trendelenburg angle of the surgical table
(Maquet, Maquet Vertrieb und Service, Deutschland, GmbH,
Germany).
IOP measurement was performed by one single trained
anesthesiologist using a rebound tonometer (iCare PRO,
iCare Finland Oy, Helsinki, Finland). This tool is designed
to measure IOP according to induction-based rebound. A
lightweight tonometer probe is accelerated against the
patient’s cornea, and the velocity of the rebound is measured using a specially designed coil from which IOP is
calculated.6 After six consecutive measurements, the average of each set is displayed.
All ONSD measurements were performed by one single
anesthesiologist using a linear, multi-frequency ultrasound
system (GE Vivid model 12L, GE Medical Systems, Madison,
WI, USA). Using the visual axis technique, which is the most
common method for ONSD measurement, a linear probe was
placed on the upper eyelid, and ONSD was measured 3 mm
behind the globe.7,8 The mean of all measurements in four
planes from the right eye was calculated.
ONSD and IOP were measured at four time points:
T1, 5 minutes after intubation in the supine position; T2,
30 minutes after CO2 insufﬂation, when the intra-abdominal
pressure reached 12 to 14 mmHg; T3, 120 minutes in STP
(35◦ to 45◦ ), when the intra-abdominal pressure reached
10 mmHg; and T4, in the supine position after desufﬂation
of pneumoperitoneum.
Data including age, weight, and height, HR, systolic
blood pressure (SBP), and diastolic blood pressure (DBP),
mean arterial pressure (MAP), oxygen saturation (SpO2), and
etCO2. IOP and ONSD measured at four time points, duration
of anesthesia, duration of surgery, duration of pneumoperitoneum, and duration of STP were also recorded.
Statistical analysis was performed using SPSS version
22.0 software (IBM Corp., Armonk, NY, USA). Descriptive
data are expressed as mean ± standard deviation (SD),
median (minimum---maximum) values, or number and frequency. The Kolmogorov-Smirnov test was used to determine
whether the data were normally distributed. The Wilcoxon
test was used to analyze dependent quantitative variables.
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Table 1
patients.

Demographic and clinical characteristics of

Variable

Min-Max

Mean ± SD

Age, year
Anesthesia duration, min
Surgery duration, min
CO2 insufﬂation, min
Duration of
Trendelenburg
positioning, min
Weight, kg
Height, cm
Body mass index, kg.m−2

52.0---75.0
195---330
160---275
135---245
130---225

62.6 ± 5.4
245 ± 32.0
205.3 ± 44.3
176 ± 27.0
176 ± 27.0

52---115
160---185
21---33

80 ± 10.8
173 ± 5.6
29.2 ± 4.4

SD, standard deviation; CO2 , carbon dioxide.

Spearman’s correlation analysis was performed to examine
correlations between the variables. Differences with p ≤
0.05 were considered statistically signiﬁcant. The sample
size was estimated using the free software G*Power version
3.1.9.2 (Franz Faul, University of Kiel, Kiel, Germany).9 With
a power of 80%, a statistical level of signiﬁcance of 0.05, and
effect size of 0.8, the sample size was calculated to be 34.

Results
The mean (± SD) age of the participants was 62.6 ± 5.4
years (range, 52---75 years). The mean duration of anesthesia
was 245.1 ± 32.0 min, and the mean duration of surgery was
205.3 ± 44.0 min. There were no signiﬁcant differences in
demographic or clinical characteristics among the patients.
Baseline demographic and clinical characteristics of the
patients are summarized in Table 1.
There was a signiﬁcant increase in IOP measured at T2
compared with T1, at T3 compared with T1, and at T3 compared with T2 (p < 0.05). There was a signiﬁcant decrease in
IOP at pre-extubation compared with T3 (p < 0.05) (Table 2).
There was a signiﬁcant increase in ONSD at T2 compared
with T1, and at T3 compared with T2 (p < 0.05). However,
there was no signiﬁcant difference in ONSD between T3 and
T1, pre-extubation and T1, and the pre-extubation and T3
(p > 0.05) (Table 2).
There was a signiﬁcant decrease in SBP at T2 compared
with T1 (p < 0.05). However, there was no signiﬁcant change
in the SBP between T3 and T1, and between pre-extubation
and T1 (p > 0.05). There was a signiﬁcant increase in SBP at
T3 compared with T2 (p < 0.05) (Table 2).
There was no signiﬁcant difference in DBP between T1
and T2, T1 and T3 (p > 0.05), and between pre-extubation
and T1 (p > 0.05). Although a signiﬁcant increase in DBP was
observed at T3 compared with T2 (p > 0.05), there was no
signiﬁcant difference in DBP between pre-extubation and
T3 (p > 0.05) (Table 2).
There was no signiﬁcant difference in MAP between
T1 and T2, T1 and T3, and between pre-extubation and
T1 (p > 0.05). Although a signiﬁcant increase in MAP was
observed at T3 compared with T2 (p > 0.05), there was no
signiﬁcant difference in MAP between pre-extubation and
T3 (p > 0.05) (Table 2).
There was a signiﬁcant decrease in HR at T2 compared with T1 (p < 0.05), at T3 compared with T1, and at

pre-extubation compared with T1 (p < 0.05). A signiﬁcant
increase was observed in HR at T3 compared with preextubation (p < 0.05). There was no signiﬁcant difference in
HR between T2 and T3 (p > 0.05) (Table 2).
There was a signiﬁcant decrease in etCO2 at T2 compared with T1, at pre-extubation compared with T1, and
at T3 compared with T2 (p < 0.05). There was no signiﬁcant
difference in etCO2 between T1 and T3 (p > 0.05). On the
other hand, a signiﬁcant increase was observed in etCO2 at
pre-extubation compared with T3 (p < 0.05) (Table 2).
Correlation analysis revealed a signiﬁcant positive correlation only between ONSD and DBP (p < 0.05). There was
no signiﬁcant correlation between IOP and ONSD, SBP, DBP,
MAP, HR, and etCO2 (p > 0.05). Finally, there was no signiﬁcant correlation between ONSD and SBP, MAP, HR, and etCO2
(p > 0.05) (Table 3).

Discussion
Many studies in the literature have described IOP variation(s) during RALP. The studies reviewed by Ackerman et al.
reported a direct association between STP and increased
IOP.10 Only one study reported MAP, which is also a risk factor
for posterior ischemic optic neuropathy in addition to IOP.11
There has been only one study that evaluated etCO2 and its
relationship with IOP. The researchers found that etCO2 and
surgical duration were signiﬁcant predictors of increased IOP
while patients were in STP.12
In the present study, we aimed to evaluate changes in
both IOP and ONSD during RALP, and to examine whether
there was any correlation between IOP and ONSD. Furthermore, we aimed to investigate the effect of SBP and DBP,
HR, and etCO2 on IOP and ONSD.
The mean IOP was found to be 20 mmHg after CO2 insufﬂation and 21.8 mmHg while in STP. The Trendelenburg
position is associated with increased intra-abdominal pressure and partial pressure of CO2, leading to a simultaneous
increase in cerebral blood ﬂow, ICP, and IOP.13 Molloy et al.
reported that 32.5% of patients who underwent laparoscopic
surgery experienced increased IOP to > 40 mmHg.14 In contrast, the highest IOP recorded in our study cohort was
32 mmHg.
Furthermore, we observed a signiﬁcant increase in ONSD
(by 0.34 mm) following CO2 insufﬂation and by 0.34 mm in
STP compared with baseline during RALP. However, Blecha
et al. reported no signiﬁcant increase in ONSD compared
with baseline (maximal increase of 3.4% [0.2 mm]).15 In
another study, a 12.5% (0.6 mm) increase in ONSD was evident following CO2 insufﬂation and in the STP in 20 patients
undergoing RALP.16 The mean increase in ONSD was higher
in our study compared with the study by Blecha et al., but
lower than the latter study. The discrepancy in results may
be attributed to the fact that variations in ONSD primarily
depend on demographic characteristics of the patients and
body position.
Whiteley et al. demonstrated a direct correlation
between increased ONSD and MAP, which was not found
in our study.17 We found signiﬁcant positive correlation between ONSD and DBP, which may have resulted
from decreasing DBP lowering cerebral perfusion pressure.
Although both IOP and ONSD increased in STP, we did not
609

B. Balkan, N.S. Emir, B. Demirayak et al.
Table 2

Measurements of IOP, ONSD and hemodynamic parameters at prespeciﬁed time points.

IOP, mmHg
T1
T2
T3
T4
ONSD, mm
T1
T2
T3
T4
SBP, mmHg
T1
T2
T3
T4
DBP, mmHg
T1
T2
T3
T4
MAP, mmHg
T1
T2
T3
T4
HR, bpm
T1
T2
T3
T4
etCO2 , mmHg
T1
T2
T3
T4

Mean ± SD (Min-Max)

pa

pb

12,4 ± 3,1
20,0 ± 4,4
21,8 ± 4,7
15,6 ± 5,0

0,000c
0,000c
0,001c

0,003c
0,000c

0,000c
0,000c
0,000c

0,000c
0,000c

0,042c
0,105c
0,829c

0,259c
0,459c

66,3 ± 15,3 (35---99)
70,6 ± 9,3 (54---85)
71,3 ± 9,3 (55---91)
66,1 ± 10,8 (42---85)

0,060c
0,092c
0,696c

0,523c
0,050c

81,3 ± 18,3
81,8 ± 11,5
83,3 ± 11,7
81,2 ± 15,1

0,830c
0,549c
0,945c

0,115c
0,514c

68,2 ± 9,7 (48---84)
53,8 ± 7,9 (44---79)
54,4 ± 6,4 (43---74)
62,3 ± 10,5 (40---80)

0,000c
0,000c
0,027c

0,589c
0,001c

34,7 ± 3,8
32,7 ± 4,6
32,0 ± 4,7
34,7 ± 5,2

0,002c
0,000c
0,749c

0,044c
0,001c

(3,2---17,3)
(11,9---30,7)
(14,3---32)
(6,6---30,8)

4,87 ± 0,34
5,21 ± 0,31
5,30 ± 0,33
5,08 ± 0,32

(4,3---5,5)
(4,5---5,9)
(4,50---6,1)
(4,30---5,7)

111,0 ± 21,2
103,6 ± 14,3
105,6 ± 13,1
107,5 ± 27,0

(71---172)
(76---126)
(84---132)
(14,7---162)

(54---134)
(60---101)
(61---105)
(51---115)

(26---41)
(24---40)
(25---41)
(25---43)

T1, at 5 min, post-intubation; T2, at 30 min post-intubation; T3, at 120 min, post-intubation; T4, desufﬂation with supine position;
IOP, intraocular pressure; ONSD, optic nerve sheath diameter; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure; HR, heart rate; etCO2 , end-tidal carbon dioxide.
a p value, compared to T1.
b p value, compared to previous measurement.
c Wilcoxon test.

Table 3
Variable
IOP
r
p
ONSD
r
p

Spearman’s rank order correlation analysis of IOP and ONSD measurement.
ONSD (mm)

SBP (mmHg)

DBP (mmHg)

MAP (mmHg)

HR (bpm)

etCO2 , mmHg

0.178
0.322

0.036
0.841

0.073
0.685

0.164
0.362

0.117
0.515

-0.149
0.409

0.262
0.141

0.408
0.018

0.321
0.069

-0.112
0.536

0.031
0.865

IOP, intraocular pressure; ONSD, optic nerve sheath diameter; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean
arterial pressure; HR, heart rate; etCO2 , end-tidal carbon dioxide.
* Spearman correlation analysis.
r, Spearman’s rho correlation coefﬁcient.
p < 0,05 is signiﬁcant.
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observe any signiﬁcant correlation between the two parameters. This could be explained by the different mechanisms
that increase IOP and ONSD. Moreover, we did not ﬁnd any
correlation between IOP and SBP, and DBP, HR, or etCO2.
In the present study, we used the B-scan technique, which
is the most commonly used method to measure ONSD. Some
researchers have suggested the use of the Standardized Ascan technique, a blooming effect-free ultrasound method
for ONSD measurement.18,19 Additionally, performing a ‘‘30degree test’’, which enables discrimination between an
increase in ONSD caused by raised ICP, and those associated
with other diseases, such as optic neuritis or meningioma, is
possible by using A-scan. However, the A-scan measurement
technique is not used generally in critical care ultrasonography; therefore, we preferred the B-scan technique, which
is more familiar to anesthesiologists and used in the vast
majority of previous studies.
There were some limitations to the present study, the
ﬁrst of which were its small sample size and second, it
was not a randomized controlled trial. Moreover, we were
unable to measure IOP and ONSD before intubation and after
extubation due to limited capabilities of the facility. Therefore, we did not evaluate the exact effect of anesthesia and
intubation/extubation on the outcomes. Nevertheless, our
results demonstrated that the STP with pneumoperitoneum
was associated with a signiﬁcant increase in IOP and ONSD
during RALP; however, there were no signiﬁcant correlations
between IOP and ONSD. We also demonstrated a positive correlation between DBP and ONSD. As such, in the presence
of increased DBP, operators should be aware of the risk for
increased ICP. Nevertheless, further studies are needed to
validate these ﬁndings.

Conclusions
The STP with pneumoperitoneum was associated with a
signiﬁcant increase in IOP and ONSD during RALP. Ultrasonographic measurement of ONSD and measurement of IOP is a
simple, cost-effective, and reproducible method and can be
useful for anesthesiologists in high-risk patients to evaluate
IOP and ICP in the operating room. Based on these ﬁndings,
we suggest that intraoperative measurement of IOP, and
ONSD can be useful in patients at high-risk for increased IOP
during laparoscopic surgery requiring Trendelenburg positioning.
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Abstract
Background: In this study, the effects of pulsatile and non-pulsatile on-pump Coronary Artery
Bypass Graft surgery (CABG) and off-pump CABG techniques on the intraocular pressure were
investigated.
Methods: Forty-ﬁve patients who planned to elective coronary artery bypass surgery with onpump pulsatile (n = 15), non-pulsatile (n = 15), or off-pump (n = 15) were included. Intraocular
Pressure (IOP) measurements were performed on both eyes at nine time-points: 1) Before the
operation, 2) After anesthesia induction, 3) 3 minutes after heparin administration Left Internal
Mammary Artery (LIMA) harvesting, 4) End of the ﬁrst anastomosis, 5) End of LIMA anastomosis,
6) 3 minutes after protamine administration, 7) End of the operation, and 8) Second hour in
Intensive Care Unit (ICU), 9) Fifth hour in ICU. Mean Arterial Pressure (MAP) and Central Venous
Pressure (CVP) were also recorded at the same time points as IOP.
Results: In Cardiopulmonary Bypass (CPB) groups (pulsatile or non-pulsatile CPB) with the
beginning of CPB, there were signiﬁcant decreases in IOP values when compared to baseline
(p = 0.012). This decrease was more prominent in the non-pulsatile group when compared to the
pulsatile group (T4 IOP values: pulsatile, 9.7 ± 2.6; non-pulsatile, 6.8 ± 1.9; p = 0.002; T5 IOP
values: pulsatile, 9.5 ± 1.9; non-pulsatile, 6.7 ± 2.1; p = 0.004). At the end of the surgery (T7 ),
IOP values returned to the baseline and stayed stable at the remaining time-points. In-off pump
group, IOP values signiﬁcantly increased with a head-down position (T4 IOP values: off-pump
surgery, 19.7 ± 5.2; p = 0.015). IOP values remained high until the normalization of head-down
position (T6 ) and stayed stable through the rest of all remaining time-points.
Conclusion: During cardiac surgery regardless of the technique (on-pump CABG, off-pump
CABG), intraocular pressures remain in the normal ranges. It should be kept in mind that patients
should be avoided from long and extreme Trendelenburg position, low CVP, and MAP levels during
cardiac surgery to prevent eye-related complications.
© 2021 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/).
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Introduction
Cardiac surgery and cardiopulmonary bypass cause some
important physiological changes in organ systems.1 Extracorporeal perfusion is generally established by the on-pump
non-pulsatile technique that provides a linear blood pressure. The other technique is the on-pump, pulsatile
perfusion. In this system, a pump produces pulsatile blood
pressure. There is also another option, the off-pump technique, in which the surgery is performed without arresting
the heart.2
The eye can be considered as a hollow sphere having a
rigid wall. Intraocular pressure (IOP) helps to maintain the
shape and the optical properties of the eye. The normal
range of IOP is 10---20 mmHg and it is constantly maintained
between these values. However, there is some diurnal and
seasonal variation. IOP variation may be affected by many
factors. These factors may be local (Intraglobal: aqueous
humor volume, blood volume, foreign bodies, etc. Extraglobal: anesthetic regional blocks, extraocular compression
device, extraocular muscle tone, etc.) or systemic (blood
pressure, central venous pressure, etc.).3
Reported rates of postoperative ophthalmological
complications following on-pump cardiac surgery are
between 0.06% and 25.6%.1 These are mainly caused by
multiple physiologic changes that occur during CPB such
as cerebral hypoperfusion, systemic hypotension, arterial
embolism, and hypothermia.1 The maintenance of IOP
between normal ranges is important. Although there is an
autoregulation mechanism for keeping the IOP between
normal ranges, during surgical procedure IOP levels may
reach exceedingly low or high values. Increased IOP was
evaluated as a risk factor for optic nerve damage in
decreased perfusion pressure and ischemic optic neuropathy may occur as a result.4 Low IOP (≤ 5 mmHg) can be
asymptomatic or it can be associated with clinically visible
choroidal expansion and shallowing of the anterior chamber.
Furthermore, low IOP may produce retinal and choroidal
folds in some eyes.5
During cardiac surgery, steep changes in the arterial
blood pressure and central venous pressure can be observed.
These changes may also cause effects in IOP. Since cardiac
surgery is mostly performed in elderly people, steep and
prolonged unpredicted changes in IOP may cause signiﬁcant
problems after surgery especially in patients with undiagnosed eye problems such as glaucoma.
The current study has investigated the effects of cardiopulmonary bypass (pulsatile or non-pulsatile) versus the
off-pump technique in the IOP of patients undergoing Coronary Artery Graft Bypass surgery (CABG).

Methods
The institutional ethical committee approved the study and
written informed consent was obtained from all patients.
Forty-ﬁve patients scheduled to undergo CABG surgery with
pulsatile CPB (n = 15), non-pulsatile CPB (n = 15), or off-pump
surgery (n = 15) were included. Patients with preoperative glaucoma, carotid and/or vertebral artery stenosis, or
who underwent intraoperative deep hypothermic circulatory arrest (<28 ◦ C) and selective cerebral perfusion, and

patients with preoperative and perioperative inotrope support were excluded.
Preoperative cardiac medications except for angiotensinconverting enzyme inhibitors, angiotensin II antagonists, and
acetylsalicylic acid were continued until the morning of
surgery. All patients were premedicated with 10 mg oral
diazepam (Nervium® , Saba AS, Istanbul, Turkey) 12 hours
before surgery.
In the operating room patients were monitored with
5-lead-electrocardiogram, radial and pulmonary artery
catheters (Swan Ganz, Edwards Lifesciences, Irvine, California, USA), pulse oximetry, capnography, and temperature
monitoring (Philips Intellivue MP70 Patient Monitor, Koninklijke Philips N.V., Eindhoven, Netherlands).
Anesthesia was induced with propofol (Propofol® ;
Fresenius Kabi, Bad Homburg, Germany), remifentanil
(Ultiva® ; Glaxo-Smithkline, Genval, Belgium), midazolam
(Dormicum® ; Roche, Gaillard, France). Muscle relaxation was obtained with vecuronium bromide (Norcuron® ;
Organon, Oss, Holland). Maintenance of anesthesia was provided with remifentanil and sevoﬂurane with neuromuscular
blockade. Following tracheal intubation, semiclosed circuit
mechanical ventilation was set to maintain the partial pressure of end-tidal carbon dioxide tension between 35 and
45 mmHg, with a tidal volume adjusted to 8---10 mL kg−1 and
a rate of 8---12 breaths/min. Air (50%) and oxygen (50%) mixture were administrated. Intraoperative ﬂuids in each group
were given according to the discretion of the anesthesiologist. Blood cardioplegia was used in on-pump groups.
Induction and maintenance cardioplegic solutions were cold
to tepid. The ratio of blood-to-crystalloid was 4:1.

Off-pump technique
Following median sternotomy, patients were anticoagulated with 100---200 IU kg−1 of heparin to have an Activated
Clotting Time (ACT) of more than 250 seconds. Before anastomosis, a Trendelenburg positioning to 20◦ head down was
given to improve preload and increase cardiac output. Octopus tissue stabilizer (Medtronic Inc., Minneapolis, MN, USA)
was used for immobilization during distal anastomoses. The
heart was positioned using deep pericardial traction sutures
and revascularization was performed.

Pulsatile and non-pulsatile CPB technique
Before the cannulations of the aorta and the right atrium,
patients were anticoagulated with 300---400 IU kg−1 of heparin to have an ACT level for more than 400 seconds. Roller
pump (Sarns Perfusion System 9000, Baxter Healthcare,
Ann Arbor, MI, USA) and a membrane oxygenator (Dideco
Compact Flo Evo, Sorin Group, Mirandola, Italy) were used.
The prime solution contained lactated Ringer’s solution
(1000---1500 mL) to reach a hematocrit level of 26% ± 2%.
Pump ﬂow was set at 2.2---2.4 L.m−21 to maintain the Mean
Arterial Pressure (MAP) between 50---70 mmHg. The body
temperatures of the patients were cooled down to 30 ◦ C.
Intermittent cardioplegia technique (repeated in every 20
minutes) for used for myocardial protection, and additionally cold (4 ◦ C), a topical isotonic solution was applied to the
surface of the heart with the same intervals. Cross-clamp
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time (minutes) and CPB time (minutes) were recorded. In
the pulsatile group, pulsation was achieved by creating temporary changes on the roles of the arms’ rates.

IOP measurement
IOP was measured using a hand-held TonoPen® XL (Carleton
Optical Equipment Ltd, Chesham, UK). Calibration of the
TonoPen was carried out in the operating room before each
case. IOP measurements were performed on both eyes at the
following time-points: 1) Before operation (when patients
lay down on to the operation table), 2) After anesthesia
induction (at the ﬁfth minute after induction of anesthesia),
3) 3 minutes after heparin administration --- Left Internal
Mammary Artery (LIMA) harvesting, 4) End of the ﬁrst anastomosis, 5) End of LIMA anastomosis, 6) 3 minutes after
protamine administration, 7) At the end of the operation,
and 8) Second hour in ICU, 9) Fifth hour in ICU. Mean arterial pressure and CVP, were also recorded at the same time
points as IOP.

Statistical analysis
The Shapiro-Wilk test was used to determine to detect
the normal and abnormal distribution of data. While analysis of variance (ANOVA) used for normally distributed
variables, Kruskal-Wallis one-way analysis of variance test
used for abnormally distributed variables. The comparison of time-dependent changes was performed by the
repeated measures ANOVA for normally distributed and by
the Friedman test for abnormally distributed variables.
Due to intra-group and inter-group comparisons, Bonferroni
correction was performed for each time point. While the
comparison of two dependent groups was performed by the
Wilcoxon test, a comparison of rates in two independent
groups was assessed by the Chi-square test.

Results
There were no signiﬁcant differences in patient characteristics, which were summarized in Table 1. Complete
revascularization was performed, and surgery was uneventful in all groups. None of the patients developed myocardial
infarction perioperatively. The LIMA was used, and a left
chest tube was inserted for all patients. No signiﬁcant difference was determined between the drainage amount and
transfusion rates in three groups.
The comparison of the three groups for measured nine
time-points was summarized in Figure 1. In CPB groups
(pulsatile, non-pulsatile) with the beginning of CPB, there
were signiﬁcant decreases in IOP values when compared to
baseline (p = 0.012). These decreases were signiﬁcant in the
non-pulsatile group when compared to the pulsatile group
(T4 IOP values: pulsatile, 9.7 ± 2.6; non-pulsatile, 6.8 ± 1.9;
p = 0.002; T5 IOP values: 9.5 ± 1.9; non-pulsatile, 6.7 ± 2.1;
p = 0.004). With the cessation of CPB, IOP values began to
return baseline measurements. Although there were differences between pulsatile and non-pulsatile groups at
time-point 6, this was not statistically different (p = 0.054).

Figure 1 Diagram showing the intraocular pressure changes
at the nine measured time-points (*p < 0.05). Time-points: 1,
before operation; 2, after anesthesia induction; 3, 3-minutes
after heparin administration --- LIMA harvesting; 4, end of ﬁrst
anastomosis; 5, end of LIMA anastomosis; 6, 3-minutes after
protamine administration; 7, end of operation; 8, ICU-2-hour;
9, ICU-5-hours.

At the end of the surgery (T7 ), IOP values returned to the
baseline and stayed stable at the remaining time-points.
In-off pump group, IOP values signiﬁcantly increased with
a head-down position (T4 IOP values: off-pump surgery,
19.7 ± 5.2; p = 0.015) (Figure 1). IOP values remained high
until the normalization of head-down position (T6 ) and
stayed stable through the rest of all remaining time-points
(T6 IOP values: off-pump surgery, 16.6 ± 3.4) (Figure 1).
CVP and MAP values are shown in Table 2. In patients with
CPB, CVP levels were signiﬁcantly decreased with the introduction of CPB. CVP increased with the head-down position
in the off-pump group but returned to their baseline value
with normalization of the head-down position at the end of
surgery. Changes in MAP were also parallel to the CVP values
in pulsatile CPB and non-pulsatile CPB groups. However, MAP
levels did not signiﬁcantly change throughout the surgery in
the off-pump group.

Discussion
In our study, we aimed to investigate out the effects of pulsatile CPB, non-pulsatile CPB, and off-pump CABG on the
intraocular pressure. There were alterations of CVP and MAP
levels during and after cardiac surgery and these alterations
may vary according to different techniques. We claimed that
CVP and MAP alterations could affect IOP in cardiac surgery.
Normal Intraocular Pressure (IOP) is approximately 10 to
20 mmHg. The main physiological determinant of IOP is the
dynamic balance between the production of aqueous humor
and its eventual elimination into the episcleral venous system via spaces of Fontana and the canal of Schlemm at the
iridocorneal angle.6 Most of the aqueous humor is actively
secreted at the ciliary process of the posterior chamber and
circulates freely around the iris into the anterior chamber.
Any increase in venous pressure or decrease in the crosssectional area of the spaces of Fontana increases resistance
to the outﬂow of aqueous humor and increases IOP. Mydriatic
drugs relax ciliary muscles, close the iridocorneal angle at
Fontana spaces and thereby increase IOP. Coughing, straining, and Valsalva maneuvers signiﬁcantly increase central
venous pressure, decrease the outﬂow of aqueous humor
614
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Table 1

Patient characteristics and operative data.
Pulsatile CPB (n = 15)

Non-pulsatile CPB (n = 15)

Off-pump (n = 15)

p-value

Preoperative data
Gender, M/F
Age, y
BSA, m2
EF, %
Diabetes
COPD

9/6
66 ± 9
1.91 ± 0.19
47 ± 4
3
2

8/7
68 ± 10
1.92 ± 0.17
50 ± 6
2
3

8/7
68 ± 11
1.89 ± 0.18
45 ± 5
2
2

0.792
0.595
0.571
0.613
0.586
0.314

Intraoperative data
Average number of grafts
Anastomosis time, min
Anesthesia time, min
Surgery time, min

3 (3---5)
60 ± 11
322 ± 61
219 ± 58

3 (2---5)
59 ± 17
341 ± 59
237 ± 63

3 (2---3)
55 ± 15
296 ± 64
208 ± 56

0.251
0.412
0.549
0.548

Postoperative data
Mechanical ventilation, h
ICU stay, h (min---max)
30-day mortality, n

4.6 ± 0.7
18 (17---25)
0

4.2 ± 0.5
19 (17---26)
0

3.4 ± 0.5
16 (15---24)
0

0.297
0.437

CPB, Cardiopulmonary Bypass; BSA, Body Surface Area; EF, Ejection Fraction; COPD, Chronic Obstructive Pulmonary Disease; ICU, Intensive
Care Unit.

Table 2

Changes in CVP, MAP in three groups.

Time point

CVP (mmHg)
Pulsatile CPB
(n = 15)

T1
T2
T3
T4
T5
T6
T7
T8
T9

8.7
9.1
9.3
3.4
5.1
7.3
9.6
8.8
9.2

±
±
±
±
±
±
±
±
±

3.1
4.3
3.2
2.5a
3.2a
4.4
4.0
3.5
4.6

Non-pulsatile
CPB (n = 15)
8.8
8.6
10.2
3.3
4.2
6.3
9.4
8.6
9.4

±
±
±
±
±
±
±
±
±

4.5
3.7
4.1
3.1a
3.4
3.5
4.8
3.5
3.7

MAP (mmHg)
Pulsatile CPB
(n = 15)

Off-pump
(n = 15)
8.5
10.8
9.6
16.2
15.6
10.1
10.2
9.6
10.3

±
±
±
±
±
±
±
±
±

3.3
4.1
4.4
3.2
3.4
4.1
4.8
3.7
3.4

72.4
73.9
69.3
47.4
51.5
63.7
70.2
71.7
70.6

±
±
±
±
±
±
±
±
±

9.2
8.4
7.1
8.2a
8.3a
7.6
10.1
8.3
9.1

Non-pulsatile
CPB(n
= 15)
70.3
72.5
71.8
45.1
50.5
65.6
69.5
70.8
71.9

±
±
±
±
±
±
±
±
±

11.6
10.3
7.7
6.4a
7.3a
8.2
11.4
7.1
9.8

Off-pump
(n = 15)
73.6
72.7
75.9
69.3
68.7
72.4
70.1
71.6
69.3

±
±
±
±
±
±
±
±
±

8.7
9.2
8.4
8.5
9.1
8.7
7.5
8.8
7.4

CVP, Central Venous Pressure; MAP, Mean Arterial Pressure; CPB, Cardiopulmonary Bypass. a p < 0.05.
Time-points: T1, Before operation; T2, After anesthesia induction; T3, 3 minutes after heparin administration --- LIMA harvesting; T4,
End of ﬁrst anastomosis; T5, End of LIMA anastomosis; T6, 3 minutes after protamine administration; T7, End of operation; T8, ICU-2
hours; T9, ICU-5 hours.

from the Schlemm canal into the episcleral venous system,
and thus increase IOP.7,8
Choroidal Blood Volume (CBV) changes also signiﬁcantly
affect IOP. The choroid is a vascular meshwork of arterial
anastomoses located in the posterior chamber.7 Choroidal
blood ﬂow is usually autoregulated over a range of perfusion
pressure to keep IOP stable.7 A sudden increase in systolic
arterial blood pressure causes a transient swelling of CBV; a
subsequent temporary outﬂow adjusts IOP toward normal.
Hypotension (systolic arterial blood pressure <90 mmHg)
may reduce IOP as CBV decreases.9 Sudden increases in CBV
can force vitreous gel forward into the anterior chamber
during open eye surgery or can increase IOP in the intact
eye. Coughing, bucking, emesis, and the Valsalva maneuver
increase CBV by increasing central venous pressure and thus
increase IOP. Coughing can increase IOP to 30 or 40 mmHg.10

CBV, and therefore IOP, will also increase in response to respiratory acidosis and hypercarbia.9 Choroidal circulation is
also sensitive to changes in the partial pressure of oxygen.
Hypoxia induces choroidal vasodilation and increases IOP.8
Murphy9 reviewed factors affecting intraocular blood volume and concluded that arterial blood pressure has a small
effect over IOP. A more direct relationship exists between
CVP and IOP. A slight head-up position during intraocular
surgery helps to counteract the effects of central venous
pressure.
Anesthesia and anesthetic drugs also affect IOP. All induction agents and all inhalational anesthetic drugs reduce IOP.3
The observed fall in IOP is more likely to be direct action on
central control mechanisms. Opioids do not have a direct
effect on IOP but attenuate the elevation in pressure due to
intubation. Non-depolarizing muscle relaxants have a mini615
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mal effect on IOP.3 In our study, we used the same anesthetic
regimen in all groups, and we avoided the effects of anesthetic agents over IOP.
Our results showed that intraocular pressure values in
CPB groups were signiﬁcantly decreased when compared to
off-pump group patients. Off-pump cardiac surgery is more
physiological surgery than pulsatile or non-pulsatile CPB.
Although statistically not signiﬁcant, the decrease in nonpulsatile ﬂow was more prominent than pulsatile ﬂow. This
small difference may be explained by the parallel changes
that were observed in CVP and MAP levels. We thought
that pulsatile ﬂow was more physiological than non-pulsatile
ﬂow.
Although there are developments in the equipment and
applied techniques in open-heart surgery, postoperative
complications related to respiratory failure, neurological damage, and inﬂammatory system activation during
extracorporeal circulation and reperfusion have emerged
research for new solutions. Off-pump CABG surgery has been
performed increasingly in recent years. This technique aims
to avoid the negative consequences of extracorporeal perfusion and cooling methods. The off-pump technique was
superior in older patients (>70 years old), patients with poor
ventricle function, redo cases, and patients with systemic
diseases (cerebrovascular, liver, bleeding disorder), and with
severe aortic calciﬁcations.11
There is still a contradiction about the beneﬁcial and
detrimental effects of the pulsatile CPB technique. Hemolysis is one of the important issues, however, it was mainly
solved with the introduction of centrifugal pumps and new
technology. The other question is about the capability of
non-pulsatile perfusion technique to produce more beneﬁcial effects than pulsatile perfusion technique for human
organ systems.11
Hypotension itself may decrease ocular perfusion pressure. Deliberate hypotension may decrease intraocular
pressure, but this was not demonstrated in a porcine
model.12 MAP was maintained within the normal range
in the off-pump group. However, mean arterial pressures
decreased with the introduction of CPB in pulsatile and nonpulsatile groups. The decrease in IOP was also parallel to the
decrease in MAP levels.
In the literature, there are few papers investigating the
relationship between CABG and IOP. In a recent study effects
of pulsatile CPB and non-pulsatile CPB on the IOP were
investigated, a comparison of two groups demonstrated that
there were signiﬁcant differences at before CPB and after
CPB 5th- minute measurements.13 Our study also revealed
CPB decreased the IOP and additionally assured that offpump CABG had not affected the IOP.
In the current study, the mean IOP levels in all groups
were maintained between 6.5 ± 2.5 and 20.3 ± 3.9 mmHg
throughout the study time points. Our results were similar
to the ﬁndings of Hayashi et al.1 In our study, the lowest and
the highest IOP levels were 5.5 ± 4.3 and 19.9 ± 4.9 mmHg
respectively. Changes in the balance of aqueous humor
production and drainage and reduction of choroidal blood
volume were shown as possible responsible mechanisms that
were also affected by the changes mainly in central venous
pressure.1 As a conclusion of this study, they could not make
an exact comment on the clinical importance of these IOP
changes in cardiac surgery.1 More recently, Hoshikawa et al.4

tried to show the effect of steep Trendelenburg position on
IOP during robotic-assisted radical prostatectomy. In their
study, the maximum detected IOP level was 36 mmHg. They
concluded that IOP increased in a time-dependent manner
in study patients due to the steep Trendelenburg position.
Despite this increase in IOP levels, there were no signiﬁcant
changes in visual function and no complications.
However, there is no previously published data regarding
the safe limits for transient IOP decreases and elevations.
Several glaucoma studies have demonstrated that optic
nerve damage depends on IOP, but there are other important factors such as optic nerve circulation, age, race, and
genetics. Compared to other surgery types, ocular changes
in cardiac surgery have not been studied in detail.14
In the literature, there are some cases of ischemic optic
neuropathy after a minimally invasive prostatectomy with a
longer duration than 6 hours and with a blood loss greater
than 1000 mL.12 There is no guarantee that complications
can occur after any standard surgical procedure. Ischemic
optic neuropathy and vision loss are complications of CABG.
Awareness of these complications is important to early diagnosis, appropriate treatment, and developing safer surgical
techniques.15
Although it may go asymptomatic, low IOP may be
associated with clinically visible choroidal expansion and
shallowing of the anterior chamber. In some eyes, low IOP
produces hypotony maculopathy.5 However, in the current
study, IOP levels of the patients did not decrease as low as
5 mmHg, corroborating the results of Hayashi et al.

Conclusion
This study has demonstrated that intraocular pressures
remain in the normal ranges during CABG surgery regardless of the technique (pulsatile/non-pulsatile on-pump or
off-pump surgery). Transient ﬂuctuations in IOP levels during several surgery types may be safe. Although there is
autoregulation, we still do not have any information on the
factors that affect this regulation system and its clinical
implications. In patients with clinically proven glaucoma,
we may take some precautions to prevent postoperative
complications, but in patients with no previous diagnosis
unexpected complications may be observed. Therefore, it
should be kept in mind that patients should be avoided
from long and extreme Trendelenburg positions and low CVPMAP levels during cardiac surgery to prevent eye-related
complications.
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Abstract
Background and objectives: Although previous reports have shown intraocular pressure changes
during robotic-assisted laparoscopic prostatectomy, they did not discuss the time course of
changes or the timing of the largest change. We conducted this study to quantify pressure
changes over time in patients assuming the steep Trendelenburg position during robotic-assisted
laparoscopic prostatectomy.
Methods: Twenty-one men were enrolled. Intraocular pressure was measured before anesthesia
induction in the supine position (T0); 30 (T1), 90 (T2), and 150 minutes after assuming the
Trendelenburg position (T3); and 30 minutes after reassuming the supine position (T4). Endtidal carbon dioxide and blood pressure were also recorded. To compare intraocular pressure
between the time points, we performed repeated-measures analysis of variance. A mixedeffects multivariate regression analysis was conducted to adjust for confounding factors.
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Results: The mean (standard deviation) intraocular pressure was 18.3 (2.4), 23.6 (3.0), 25.1
(3.1), 25.3 (2.2), and 18.1 (5.0) mmHg at T0, T1, T2, T3, and T4, respectively. The mean
intraocular pressure was higher at T1, T2, and T3 than at T0 (p < 0.0001 for all). There was no
signiﬁcant difference between T0 and T4, and between T3 and T2 (p > 0.99 for both).
Conclusions: The Trendelenburg position during robotic-assisted laparoscopic prostatectomy
increased intraocular pressure. The increase was moderate at 90 minutes after the position
was assumed, with the value being approximately 7 mmHg higher than the baseline value.
The baseline intraocular pressure was restored at 30 minutes after the supine position was
reassumed.
Trial registration: UMIN ID 000014973
Date of registration: August 27, 2014
© 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/).

Introduction

Methods

Robotic-assisted laparoscopic prostatectomy (RALP) is one
of the newest and most technically advanced surgical procedures. The technique is increasingly performed worldwide
due to the advantages in decreasing postoperative pain and
blood loss.1 The steep Trendelenburg position required for
RALP may cause high intraocular pressure (IOP), which leads
to low ocular perfusion pressure. It may cause central retinal artery occlusion, and several ocular complications have
been reported.2
Some studies have reported that the Trendelenburg position increases IOP.3---5 These reports showed IOP elevated
during RALP but did not discuss the time course of IOP
change or the timing of the largest IOP change. Awad et al
reported that IOP was higher at the end of the duration of
the steep Trendelenburg position than in the supine position. Although they measured IOP at seven time points,
they did not measure it during the surgery (i.e., between
the start and the end of the Trendelenburg position).3 Matsuyama et al measured IOP between the start and the end
of the Trendelenburg position; speciﬁcally, measurements
were made at 15, 60, and 90 minutes after the position was
assumed. They showed that IOP was higher in the Trendelenburg position than in the supine position and increased
from 15 minutes to 90 minutes in the Trendelenburg position. However, they did not measure IOP after 90 minutes.4
Hoshikawa et al. measured IOP every hour after the Trendelenburg position was assumed and compared the value
at the start of the position with those after the position
was assumed. They found that IOP was higher at each time
point during the Trendelenburg position than at the start,5
although the time at which the increase was the largest
was not determined. Taken together, although these reports
showed changes in IOP during RALP, they did not discuss the
time course of IOP changes or the timing of the largest IOP
change.
We hypothesized that IOP does not constantly increase
throughout the Trendelenburg position and aimed to
determine the pattern of IOP elevation during surgery.
Accordingly, we quantiﬁed the IOP changes over time in
patients assuming the steep Trendelenburg position during
RALP.

This was a single-center, prospective, observational study.
The study protocol was registered at the University Hospital Medical Information Network (Registration No.: UMIN ID
000014973) before patient recruitment. After approval by
the Research Ethics Committee of our institution (Approval
No.: 26-33), written informed consent was obtained. Inclusion criteria were as follows: patients scheduled to undergo
RALP, age >18 years), and an American Society Anesthesiologists (ASA) physical status of I---II. Recruitment was
performed at our institution between August 2014 and March
2015. The exclusion criterion was the presence of glaucoma.
All patients consulted an ophthalmologist before surgery.
We did not exclude patients with any other ophthalmic
disease.
General anesthesia was induced with propofol, rocuronium, and fentanyl and maintained with sevoﬂurane and
remifentanil. All patients received tracheal intubation, and
their radial artery was catheterized for continuous monitoring of arterial blood pressure. Mechanical ventilation was
provided at the discretion of each anesthesiologist. Trendelenburg position was standardized at 30◦ from horizontal.
The primary endpoint of this study was the IOP
during RALP. Secondary endpoints included any ocular complications such as blindness, narrowing of the
visual ﬁeld, or impaired visual perception, which were
assessed at discharge and at 1 and 3 months after
surgery.

Measurement and instrumentation
IOP measurements were performed with the rebound
tonometer Icare PRO® (M.E. Technica, Tokyo, Japan). The
IOP was measured at the following ﬁve time points. T0:
before induction of anesthesia in the supine position, T1:
30 minutes after assuming the Trendelenburg position, T2:
90 minutes after assuming the Trendelenburg position, T3:
150 minutes after assuming the Trendelenburg position, and
T4: 30 minutes after reassuming the supine position. Endtidal carbon dioxide and blood pressure were also recorded
at each time point.
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Table 1

Patient demographics and operative variables.

Age (years)
Height (cm)
Weight (kg)
BMI (kg.m-2 )
Intravenous ﬂuid (mL)
Duration of operation (min)
Duration of pneumoperitoneum (min)

65.5 ± 6.7
168.5 ± 5.14
68.9 ± 7.6
24.3 ± 2.6
2230 ± 460
263 ± 61
225 ± 62

BMI, body mass index.
All variables are presented as mean ± standard deviation.

Sample size calculation
Assuming a 5-mmHg difference in IOP with a standard deviation of 5 mmHg,4,5 sample size estimation analysis suggested
that 18 patients were required. The power was set at 80%.
To adjust for the ten time-point comparisons (i.e., every
pair at the time points T0, T1, T2, T3, and T4), the type I
error was set at 0.005 (0.05/10). We recruited 21 patients
considering a 10% dropout rate.

Figure 1 Intraocular pressure (IOP) at each time point. Line
graph showing the mean and standard deviation of the IOP. IOP is
higher at T3 than at T0 and T1. There is no signiﬁcant difference
in IOP between T2 and T3. IOP is lower at T4 than at T3.
Table 2

Time (T1 vs T3)
Time (T2 vs T3)
Time (T4 vs T3)
EtCO2
SBP

Statistical analysis
The normality of the data was visually assessed using a normal Q-Q plot and tested using the Kolmogorov---Smirnov test.
Data normality was not rejected in the normal Q-Q plot
and the Kolmogorov---Smirnov test. All continuous values are
shown as mean (standard deviation). To compare the IOP
at each time point (longitudinal data), repeated-measures
analysis of variance with Student’s t-test and Holm’s correction was performed for multiple comparison adjustments.
We conducted Mauchly’s Test of Sphericity and adopted the
Huynh-Feldt correction if sphericity was not conﬁrmed. In
addition, we used a mixed-effects multivariate regression
model to adjust for confounding factors. In the mixedeffects model, the individual patient was set as a random
effect, while the systolic blood pressure, end-tidal carbon
dioxide, and time points were set as ﬁxed effects. We did
not include the IOP measured at T0 for the mixed-effects
analysis because end-tidal carbon dioxide data were unavailable at this time point. P-values < 0.05 were considered
statistically signiﬁcant. Statistical analyses were performed
using the R statistical software package, version 3.3.0 (R
Foundation for Statistical Computing, Vienna, Austria).

Results
Twenty-one male patients were included in the analyses.
The demographics of the study participants are summarized in Table 1. As shown in Figure 1, the mean (standard
deviation) IOP was 18.3 (2.4) mmHg before induction of
anesthesia, 23.6 (3.0) mmHg at T1, 25.1 (3.1) mmHg at T2,
25.3 (2.2) mmHg at T3, and 18.1 (5.0) mmHg at T4. We have
reasonably strong evidence that the mean IOP was higher at
T1, T2 and T3 than at T0 (p < 0.0001 for all). There was no
signiﬁcant difference in IOP between T0 and T4 (p > 0.99).
The IOP was higher at T3 than at T1 (p = 0.045), but there was
no signiﬁcant difference in IOP between T1 and T2 (p = 0.05)
and between T2 and T3 (p > 0.99). The IOP was higher than

IOP after adjustment of SBP and EtCO2 .
MD

95% CI

p-value

-2.1
-0.32
-7.7
-0.15
-0.006

-4 to -0.29
-2.09 to 1.45
-9.66 to -5.75
-0.33 to 0.03
-0.06 to 0.05

0.027
0.72
< 0.001
0.098
0.82

T1, 30 minutes after Trendelenburg position; T2, 90 minutes
after Trendelenburg position; T3, 150 minutes after Trendelenburg position; T4, 30 minutes after assuming supine position;
MD, mean difference; CI, conﬁdence interval; EtCO2 , end-tidal
CO2 ; SBP, systolic blood pressure.

30 mmHg in three patients (3/21 or 14.3%), but lower than
35 mmHg in all patients during surgery. The mixed-effects
multivariate regression analysis indicated that the results
did not change when adjusted for the inﬂuence of the systolic blood pressure and end-tidal carbon dioxide (Table 2).
No ocular complications such as blindness, narrowing of the
visual ﬁeld, or impaired visual perception were reported in
the ﬁrst three months postoperatively.

Discussion
The study ﬁndings showed that IOP increased approximately
by 5 mmHg 30 minutes after assuming the Trendelenburg
position. This IOP increase leveled off 90 minutes after the
Trendelenburg position was assumed, at a value of approximately 7 mmHg higher than that at baseline. The IOP at
30 minutes after reassuming the supine position was at the
same level as before anesthesia induction.
Previous studies have showed that IOP increases timedependently after Trendelenburg positioning.4,5 The present
study revealed a similar result when comparing T0 with other
time points, but there was no signiﬁcant difference in IOP
between 90 minutes and 150 minutes after assuming the
Trendelenburg position. Although IOP was higher at 150 minutes than at 30 minutes after Trendelenburg positioning, the
IOP difference between the two timepoints was small. These
ﬁndings suggest that the magnitude of the IOP increase is the
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largest in the ﬁrst 30 minutes and plateaus after 90 minutes.
To avoid ocular complications, it may be effective to pay
attention to the IOP increase, especially up to 90 minutes
after the Trendelenburg position.
We showed that IOP at 30 minutes after reassuming the
supine position returned to the same level as that before
anesthesia induction. This ﬁnding suggests that when the
IOP is too high, a return to the supine position may be
effective in avoiding further increases in IOP and reducing ocular complications. A previous study showed that the
administration of continuous infusion of dexmedetomidine
to a patient undergoing laparoscopic surgery in the Trendelenburg position is a valuable method for attenuating the
increase in IOP.6 Another report showed that continuous
deep neuromuscular blockade may improve surgical conditions and facilitate RALP at a low intra-abdominal pressure,
resulting in signiﬁcant attenuation of IOP increase.7 However, these studies were designed to administer drugs from
the beginning, and it is unknown whether the same effect
can be obtained if the drugs were used after elevation in
IOP. Additional research on improving IOP during surgery
is required. In the other study, dorzolamide hydrochloridetimolol maleate drops signiﬁcantly reduce elevated IOP of
patients who undergo laparoscopic, robotic surgery in the
Trendelenburg position.8 The medication reduces IOP by
decreasing the production of aqueous humor by inhibition of
carbonic anhydrase II in the ciliary processes and by direct
action on ␤2 adrenergic receptors in the ciliary processes.9
It may be useful in the case of high intraoperative IOP, but
it cannot be used for patients with bronchial asthma and
chronic obstructive pulmonary disease due to beta-blocking
action.
IOP is expressed as a division of aqueous humor production by the facility of outﬂow plus episcleral vein
pressure.10,11 The most inﬂuential factor contributing to IOP
is the capacity for outﬂow from the vein. The increase in
episcleral vein pressure does not increase IOP as much as
it reduces the outﬂow capacity. In patients with glaucoma,
the capacity for outﬂow is reduced, and in some patients,
it approaches zero. In these cases, the IOP increases to a
high degree.10 However, in cases with normal vein outﬂow,
it is considered rare for IOP to exceed 35 mmHg even if the
upper scleral venous pressure increases to 20 mmHg. In the
present study, patients with glaucoma were excluded, and it
was assumed that patients had a normal facility for outﬂow;
none of the patients showed an IOP of 35 mmHg or higher.
We believe that the main cause of IOP increase during RALP is the increase in central venous pressure that is
related to episcleral vein pressure3 and reduction in venous
drainage.12 The increase in airway pressure caused by the
Trendelenburg position, positive end expiratory pressure,
and pneumoperitoneum pressure leads to an increase in central venous pressure in theory, but this increase is expected
to be limited. A previous study showed that central venous
pressure increased in the ﬁrst 5 minutes after assuming
Trendelenburg position, and in the next hour it decreased
modestly.13
The present study has several limitations. First, there
was a relatively high IOP recorded at baseline (18.3 mmHg).
The mean (standard deviation) intraocular pressure in the
Japanese population is reported to be 14.5 (2.5) mmHg.14
The exact reason for the relatively high IOP was unclear,

but it may be due to the nature of the tonometer used
(i.e., Icare PRO® ). Previous research showed that the IOP
measured was higher when using the Icare PRO® tonometer than when using the Goldmann applanation tonometer,
although there was a strong correlation between the IOP
measured by the two tonometers.15 Second, there is no evidence of a direct causal relationship between high IOP and
ocular complications. It is unknown how much IOP inﬂuences
the optic nerve and how long a patient can withstand the
Trendelenburg position. Additional research on this subject
is therefore required. Third, several studies reporting IOP
changes during RALP have been published, and the novelty
of our ﬁndings may be limited. Nevertheless, we believe
that our ﬁndings are useful for conﬁrming the reproducibility of previous ﬁndings in other populations. Future studies
should now focus on measures to prevent or mitigate the IOP
increase during RALP.

Conclusions
The Trendelenburg position during RALP leads to high IOP.
The IOP increased after assuming the Trendelenburg position, and the magnitude of IOP increase became moderate
90 minutes after assuming the Trendelenburg position. The
IOP at 30 minutes after reassuming the supine position was
at the same level as that before the induction of anesthesia.
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Abstract
Background and objectives: The most common cause of oculocardiac reﬂex (OCR) is traction
of the extraocular muscles. Therefore, strabismus surgery is highly risk for the development
of this complication. This study aimed to investigate whether an association exists between
the occurrence of OCR and the type of extraocular muscle manipulated during strabismus in a
pediatric population.
Methods: A total of 53 pediatric patients who were operated for strabismus under sevoﬂurane
anesthesia were enrolled in this prospective study. The association between surgical techniques
and the occurrence of OCR was investigated.
Results: This study included 30 (56.6%) males and 23 (43.4%) females, with a mean age of 8.4
years. Overall, 83 eyes with 93 extraocular muscles were operated. Surgery was performed
most frequently on the medial (44.6%) and lateral (36.1%) recti. OCR occurred in 33 (62.3%)
patients. OCR was found to be signiﬁcantly higher in the ﬁrst operated muscle compared with
the second muscle, regardless of muscle type, as identiﬁed in the statistical analysis based on
the sequence of the operated muscles.
Conclusions: The manipulation of the ﬁrst extraocular muscle has a higher risk of OCR in the
pediatric population undergoing two-muscle surgery for strabismus.
© 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/bync-nd/4.0/).
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Strabismus surgery is among the most common ophthalmic
procedures in the pediatric population and involves surgical
manipulation in one or more extraocular muscles that provide eyeball movement.1 In addition, strabismus surgery has
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Y. Kılıç and M.S. Güleç
a low complication rate. However, a decrease in heart rate
(HR), deﬁned as oculocardiac reﬂex (OCR), is often encountered during this surgery.2 The most common cause of OCR
is the traction of the extraocular muscles, although it may
occur as a result of any ocular intervention (e.g., direct
pressure on the eyeball, retrobulbar injection, or orbital
apex surgery).3,4 Therefore, compared with other ocular
operations, strabismus surgery is highly associated with this
complication.
The incidence of OCR in strabismus surgery has been
reported to reach 90%.5,6 The risk of developing OCR is
higher in children than in adults. Pediatric patients are also
more susceptible to the harmful consequences of this reﬂex,
due to higher dependence on HR to maintain cardiac output. None of the various methods proposed to reduce the
incidence of OCR, such as premedication with anticholinergics, was found to be effective in preventing this reﬂex.3,5
Thus, determining the potential association between OCR
and surgical techniques, together with sufﬁcient knowledge
of pathophysiology and clinical aspects of OCR, is important
for the preventive or therapeutic approaches.
This study aimed to investigate the possible relationship
between the occurrence of OCR and the type of extraocular
muscle manipulated during strabismus surgery in pediatric
patients.

Methods
General data

corrected 1---1.5 minimum alveolar concentration) in 4 L m-1
nitrous oxide (50%) and oxygen (50%) to maintain anesthesia. Weight-appropriate continuous intravenous ﬂuids (0.9%
NaCl) were given to the patients during the procedure.
HR, mean arterial pressure, oxygen saturation, and endtidal carbon dioxide were monitored continuously during the
surgery. The HRs before and after the traction of extraocular muscle were also recorded. OCR was deﬁned as either
a 20% decrease in HR following extraocular muscle traction
or the presence of dysrhythmia. The surgeon was warned by
the anesthesiologist to stop the traction if the OCR lasted
for more than 5 seconds and to wait until the HR returned
to its normal cardiac rhythm. Atropine (0.01 mg kg-1 ) was
intravenously administered when a persistent OCR or rapid
drop in HR < 60 min-1 was observed. The surgeon continued
the operation after the values were within normal limits.

Surgery
All operations were performed by the same surgical team
using standard techniques. The conjunctival tissue was separated with a smooth incision, and the extraocular muscle
was reached following tenon dissection. The type of strabismus, sliding angle, and history of eye surgery were taken
into consideration before selecting the type of surgery. One
or more of the ﬁve main extraocular muscles (medial rectus,
lateral rectus, inferior oblique, inferior rectus, and superior
rectus) were operated depending on the type of strabismus.
All patients in the study underwent weakening (regression)
surgery for extraocular muscles.

This prospective observational study was conducted in
a tertiary hospital. Following the approval of the Local
Ethics Committee (number 03; 22 October 2019), pediatric
patients aged 2---18 years who underwent elective strabismus surgery at the Osmangazi University Hospital were
enrolled in this prospective study. The parents were preoperatively informed about the study, and informed consent
was obtained. The patients’ age and gender, American Society of Anesthesiologists (ASA) physical status, Mallampati
score, coexisting diseases, procedural data, anesthetic medications, and perioperative complications were recorded.
Exclusion criteria were age less than 2 years old, ASA physical status of 3 ---4, the presence of any signiﬁcant hepatic,
renal, cardiac, or respiratory disease, the presence of developmental or mental delay, and allergy to the drugs involved
in the study.

A power analysis based on previous articles2,3,5 showed that
a sample size of 48 patients was required to achieve a
80% power with a 5% signiﬁcance level to evaluate the differences between the groups with or without OCR. The
standard version of the Statistical Package for the Social
Sciences (SPSS 23.0 software) was used for statistical analysis. Descriptive data were presented as number (percentage)
and mean ± SD (minimum-maximum) for categorical and
continuous variables, respectively. The differences between
the groups were evaluated using Chi-square, Mann-Whitney
U, and Fisher’s exact tests. A p-value < 0.05 was accepted
as the level of signiﬁcance.

Anesthesia management

Results

The fasting time was at least 8 hours before surgery. No
premedication was given to the patients. Anesthesia was
administered via a face mask with inhalation of sevoﬂurane (8%, 5%, and 3%) in 4 L min−1 oxygen (50%) and nitrous
oxide (50%) after standard monitoring, including 5-lead
electrocardiogram, pulse oximetry, noninvasive blood pressure, and inspiratory---expiratory gas concentrations. Venous
access was established after adequate loss of consciousness,
and airway control was provided by laryngeal mask airway
(LMA) along with intravenous administrations of remifentanil (0.5-1 g kg-1 ), lidocain (0.5 mg kg-1 ), and propofol
(3---4 mg kg-1 ). The patients received sevoﬂurane (with age-

Fifty-three [30 (56.6%) males and 23 (43.4%) females] pediatric patients with a mean age of 8.4 (3---18) years were
included in this study. The patients were preoperatively classiﬁed into ASA 1 (45, 84.9%) and ASA 2 (8, 15.1%). All patients
underwent strabismus surgery, including 16 (30.2%) right, 7
(13.2%) left, and 30 (56.6%) bilateral eyes.
OCR occurred in 33 (62.3%) patients during the surgery.
The basic characteristics and surgical data of the patients
with and without OCR were compared (Table 1). Age, gender, weight, ASA physical status, duration of anesthesia and
surgery, and mean HR were similar between the patients
with and without OCR (p > 0.05).

Statistical evaluation
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Table 1

Comparison of baseline and surgical characteristics between the two groups.

Characteristics

OCR group (n = 33)

Non-OCR group (n = 20)

p

Age (y)
Weight (kg)
Gender (Female/Male)
ASA (ASA 1/ASA 2)
Laterality
Unilateral
Bilateral
Operated muscle
Medial rectus
Lateral rectus
Inferior oblique
Inferior rectus
Superior rectus
Duration of procedure (min)
Duration of anesthesia (min)
Baseline HR (beat/min)
Number of operated muscle

9.03 ± 4.7 (3---18)
31.5 ± 17.2 (11---67)
16 (48.4%)/17 (51.6%)
30 (90.9%)/3 (9.1%)

7.6 ± 4.2 (3---17)
27.6 ± 15.3 (13---73)
7 (35%)/13 (65%)
15 (75%)/5 (25%)

0.289
0.508
0.400
0.137
0.779

15 (45.4%)
18 (54.6%)

8 (40%)
12 (60%)

22
21
11
1
1
48.1 ± 12.4 (30---69)
55.2 ± 14.7 (35---85)
99.1 ± 18.5 (66---132)
1.8 ± 0.8 (1---4)

18
15
3
1
0
49.6 ± 17.1 (20---85)
55.4 ± 16.5 (25---90)
104.4 ± 16.7 (63---128)
1.7 ± 0.4(1---4)

0.706

0.725
0.807
0.247
0.883

y, year; kg, kilogram; min, minute.
Data are presented as mean ± SD for age, weight, duration of the procedure, duration of anesthesia, and baseline HR; n (%) for other
variables.
Chi-square test, Mann-Whitney U test, and Fisher’s exact test were used to evaluate the differences between the groups.

Overall, 83 eyes with 93 extraocular muscles were operated, including 91 (97.8%) weakening (recession) and 2
(2.2%) strengthening (resection) procedures. No reoperation procedures were included in this study; all eyes were
operated for the ﬁrst time. Surgery was most frequently performed on the medial (44.6%) and lateral (36.1%) recti. No
signiﬁcant difference was observed in the type of muscle
operated between the two groups (p = 0.706). The mean
number of operated muscles was also statistically similar
between the groups (p = 0.883).
Overall, 18 (34%) and 31 (58.5%) patients underwent oneand two-muscle surgery, respectively. No signiﬁcant difference in the occurrence of OCR was found between these
groups (p = 0.768). OCR was detected in 17 of the 31 patients
with two-muscle surgery, of which 15 occurred following the
traction of the ﬁrst extraocular muscle. In the analysis based
on the sequence of the operated muscles, regardless of the
type, the incidence of OCR was found to be signiﬁcantly
higher in the ﬁrst than in the second operated extraocular
muscle (p < 0.01, Fig. 1).

Discussion
The present study showed that the incidence of OCR in
patients undergoing two-muscle surgery was higher in the
manipulation of the ﬁrst than in the second extraocular muscle, regardless of muscle type. We also demonstrated that
the ﬁrst operated extraocular muscle was strongly associated with the risk of OCR, similar to the studies by Ha et al.
and Lai et al.3,4 However, the occurrence of OCR in the ﬁrst
manipulated muscle did not signiﬁcantly increase the risk of
OCR in subsequently treated muscles. This may be explained
by an unknown counter-regulatory mechanism that requires
the adaptation of a subsequent stimulus, increased atten-

tion of the anesthesia team, and more careful surgical
manipulations.
OCR is an entity caused by the stimulation of the trigeminal nerve afferently, and the activation of the vagus nerve
efferently, thus resulting in bradycardia by reducing the
sinoatrial node impulses.4 This phenomenon is a variant of
the trigeminocardiac reﬂex characterized by hemodynamic
disturbances, respiratory changes, and gastric hypermotility. Trigeminocardiac reﬂex can be triggered by direct
stimulation of the trigeminal nerve along its course, from
the central nuclear complex to the terminal branches.
This reﬂex is classiﬁed into two main subtypes, central
and peripheral (nasopharyngeal, maxillomandibulocardiac,
and OCR), according to the sensory territory stimulated.7,8
Although the most common presentation of OCR is sinus
bradycardia, various detrimental presentations, such as
coronary artery spasm, asystole, or cardiac arrest, have
been reported to date.9,10 In this study, all clinical manifestations were in the form of sinus bradycardia except one
case of ventricular extrasystole, and most of these were mild
and corrected by terminating the manipulation.
The incidence of OCR in strabismus surgery has been
reported to range from 14% to 90%, depending on the different ratios of HR drop used in the studies.5,6,11 OCR is
usually deﬁned as at least a 20% decrease in heart rate or a
new arrhythmia following eyeball compression or traction of
extraocular muscles.12 This study also used this deﬁnition of
OCR and 62.3% incidence was observed, which is consistent
with the literature.5,6
Several risk factors including female gender, underlying
cardiovascular disease, and type of anesthesia are associated with OCR.4,13 No signiﬁcant difference in gender was
observed in the cohort of the present study, consistent with
the previous studies.2,3 The most frequently associated risk
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Figure 1 The occurrence of oculocardiac reﬂex according to the sequence of operated muscle in patients undergoing two-muscle
surgery (n = 31). Chi-square test was used to evaluate the difference in oculocardiac reﬂex between the groups (p < 0.01).

factor for the occurrence of OCR is the various triggering
stimuli, and the traction of the extraocular muscles during
surgery is the most common.3 Therefore, strabismus surgery
is associated with a higher risk of OCR.
Few studies examining the relationship between strabismus surgery and OCR exist in the literature.1---4,14,15 However,
some methodological differences are evident between the
present study and most of those works. First, some studies
have been conducted on patients who had undergone not
only strabismus surgery but also any ophthalmic surgery.
Second, most of those studies did not have a speciﬁc age
distribution (e.g. pediatrics, adults, or geriatrics). However,
in routine practice, OCR is most commonly observed in the
pediatric population undergoing strabismus surgery. Therefore, the current study differs from other studies as it was
conducted in this special group.
Conﬂicting results regarding the association between surgical techniques in strabismus surgery and the occurrence
of OCR are noted in previous studies. Aletaha et al. found
that weakening operations, without any statistically signiﬁcance, had a higher risk of eliciting the OCR compared with
strengthening procedures.2 Conversely, Ha et al. showed
that OCR was more prevalent in resection surgery.3 No statistical evaluation between the type of surgeries could be
conducted in the present study because all patients, except
two with resection of extraocular muscle, underwent weakening operations. It should be stated here that the primary
factor for the OCR is the traction to the extraocular muscles
rather than the type of surgery. The relationship between
the operated muscle and the development of OCR was also
investigated in the previous studies. Some studies showed
that the traction of the medial rectus muscle was associated
with a higher risk of OCR compared to the other extraocular
muscles, whereas others reported opposite results.3,4,13,14,16
The majority of the operated extraocular muscles were
medial and lateral recti in this study, which is similar to other
published works. However, no association exists between the

development of OCR and the speciﬁc type of extraocular
muscle manipulated. Thus, the discrepancies in the results
between the studies may be related to the heterogeneity of
the studied populations and the different anesthetic medications.
Several limitations of the present study should be
noted. First, the study was conducted in a single center,
which may limit the generalization of the results. Second, the relatively small number of patient groups may
make it difﬁcult to interpret subgroup ﬁndings. However,
its prospective nature, the absence of any premedication
that may affect the occurrence of OCR, and the standard
anesthetic and surgical protocols are the strengths of this
study.
In conclusion, the manipulation of the ﬁrst extraocular muscle may have a higher risk of OCR in the pediatric
population undergoing two-muscle strabismus surgery. OCR
remains an important concern for anesthesiologists and
surgeons in this group of patients because of the high incidence and potential catastrophic clinical consequences (e.g.
severe arrhythmias or cardiac arrest). Therefore, interaction between the surgeon and the anesthesiologist is of
great importance for the safe management of patients during surgery, particularly during the manipulation of the ﬁrst
muscle.

Conﬂict of interest
The authors declare no conﬂict of interest

Acknowledgements
We would like to thank Prof. Dr. Haluk Hüseyin Gürsoy and
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Abstract
Introduction and objectives: Different regional anesthesia techniques for ophthalmology can
have hemodynamic effects on the eye. We assessed the effects of adding clonidine to lidocaine
on Intraocular Pressure (IOP), Ocular Pulse Amplitude (OPA), and Ocular Perfusion Pressure
(OPP) after the sub-Tenon’s technique for cataract surgery.
Methods: The study included 40 patients randomly allocated into two groups: sub-Tenon’s
blockade with Lidocaine plus Saline Solution (LS) or Lidocaine plus Clonidine (LC). IOP, OPA
and OPP were measured before anesthesia, and 1, 5 and 10 minutes after the injection of
anesthetic solution.
Results: There was no difference between the groups in IOP, OPA, and OPP baseline values.
After the injection of the anesthetic solution, the IOP increased in both groups at minute one,
with a mean difference of +4.67 mmHg (p = 0.001) and +2.15 mmHg (p = 0.013) at 5 minutes.
The increase was lower in the LC group when compared to LS (p = 0.027). OPA decreased in
both groups, with a baseline difference, after 1 minute, of -0.85 mmHg (p = -0.85 mmHg
(p = 0.001), and at 5 and 10 minutes with differences of -1.17 (p = 0.001) and -0.89 mmHg
(p = 0.001), respectively. The highest decrease was observed in group LC in relation to group
LS (p = 0.03). There was no difference in OPP in relation to baseline measurements.
Conclusions: Adding clonidine to lidocaine for sub-Tenon’s anesthesia reduced IOP and OPA
without signiﬁcant changes in OPP.
© 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/bync-nd/4.0/).
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Introduction
Cataract surgery is the most frequently performed surgical procedure in ophthalmology and it is usually performed
under regional anesthesia, such as retrobulbar, peribulbar and sub-Tenon’s anesthesia.1 The sub-Tenon’s technique
provides effective anesthesia and a lower incidence of
complications compared to techniques that introduce needles into the orbit.2---4
Anesthetic management in ophthalmology requires
maintenance of Intraocular Pressure (IOP) during the perioperative period, as changes in IOP can dramatically affect
clinical outcomes after cataract surgery. IOP is deﬁned as
the pressure exerted by the contents of the eye against the
wall that contains it. An increase in IOP linearly reduces
the perfusion of ocular structures and, at high levels, is
more important than blood pressure in determining retinal
function. At pressures that exceed Ocular Perfusion Pressure
(OPP), increased IOP causes compression of the vasculature, resulting in retinal ischemia and blindness in animal
models.5
Several studies have pointed out the effects of regional
anesthesia on IOP and ocular hemodynamics. Soon after a
retrobulbar,6,7 peribulbar7---10 or sub-Tenon’s.11,12 anesthetic
injection, there is a signiﬁcant increase in IOP and a reduction in ocular blood ﬂow. Acute increases in IOP in an
‘‘open’’ eye globe potentially result in expulsive hemorrhage or extrusion of orbital contents.13 Such hemodynamic
changes can impair retinal blood ﬂow and exacerbate damage to eyes with previously abnormal perfusion pressure, as
in patients with glaucoma and increased intravitreal pressure, for example.13,14 Moreover, regional blocks may reduce
Ocular Pulse Amplitude (OPA) due to the pharmacological
effects of local anesthetics.7,9,15
Clonidine is a central and peripheral ␣2 adrenergic receptor agonist. It has been used as an adjuvant during regional
ophthalmic anesthesia due to its analgesic properties16 with
potentiation of motor and sensory blocks,17---22 as well as IOP
reduction.17,21 Studies, however, were performed to assess
the quality of anesthesia and did not assess the effects of
clonidine on ocular hemodynamics in ophthalmic blocks.
The objective of the present study was to assess the
effects of adding clonidine to lidocaine on IOP, OPA and OPP
for patients submitted to cataract surgery under sub-Tenon’s
anesthesia.

Methods
The Ethics in Research Committee of the Universidade Federal de Minas Gerais --- COEP/UFMG, according to project --CAAE: 03409512.2.0000.5149, and of the Universidade Federal do Espírito Santo --- CEP/UFES, according to protocol
#298/2011, where the study was carried out, approved the
present prospective, randomized double-blind clinical study,
and it was also registered on Clinicaltrials.gov, number NCT
02733757. The study complied with CONSORT statement
recommendations. Patients were selected during the preanesthetic consultation on the day of the surgery. Patients
who accepted to participate received instructions about the
study and signed the Consent Form.

Patient inclusion criteria were patients between 30 and
86 years of age, both genders, ASA (American Society of
Anesthesiologists) physical status I and II, selected for phacoemulsiﬁcation cataract surgery. Exclusion criteria were
inability to communicate, allergy to any study drug, chronic
treatment with clonidine, hypertension, diabetes, glaucoma, previous surgery on the same eye, clotting disorders,
patient refusal.
Patients were divided into two groups of 20 using
computer-generated random number tables. In the LS group,
5 mL of 2% lidocaine plus saline solution (1 mL) were
used. In the LC group, 5 mL of 2% lidocaine plus 1 g.kg-1
of clonidine diluted in saline solution (1 mL) were used.
25 IU.mL-1 hyaluronidase was added to both solutions. The
ﬁnal anesthetic solution volume was 6 mL, and the doses
of lidocaine and clonidine used were based on previous
studies.11,18,22 Patients were monitored with electrocardiogram, Mean Arterial Pressure (MAP), Heart Rate (HR), and
Oxygen Saturation (SpO2 ), preoperatively. A 22G intravenous
catheter in the upper limb was used for peripheral venous
access of infusion of 0.9% sodium chloride solution. Syringes
were prepared by one of the researchers not involved in the
execution of blocks. The same anesthesiologist performed
all blocks and the same ophthalmologist performed ocular
monitoring measurements.
For IOP and OPA measurements, a dynamic contour digital tonometer --- DCT (Pascal Tonometer, Zimer Ophthalmic
Systems, Switzerland) was used. DCT measures the physiological ﬂuctuations in IOP that occur with heartbeat, and
the difference between systolic and diastolic IOP is referred
to as OPA, an indirect indicator of choroidal perfusion,
reﬂecting the conditions of the arterial vascular system and
heart function.23 The scale for IOP and OPA measurements is
descendent, ranging from 5 to 1, depending on the quality of
the signal obtained by the device software. Values ranging
from 1 to 3 are satisfactory and were taken into account.
Patients received two drops of 0.5% proxymetacaine
hydrochloride topical anesthetic on the eye to be anesthetized. Then, they were accommodated in a reclining
chair with an attached slit lamp, and for IOP, OPA, PAM, HR
and SpO2 control measurements. They were placed in the
supine position and received 0.07 mg.kg-1 diazepam intravenously, insertion of a nasal catheter with 2 L.min-1 oxygen,
and the sub-Tenon’s block was performed. IOP, OPA, PAM,
HR and SpO2 were measured at one, ﬁve and ten minutes
after the injection of the anesthetic solution. At the end
of assessments, patients were sent to the operating room.
OPP was calculated using the following formula: OPP = 2/3
MAP --- IOP.8 A decrease in MAP greater than 20% of preanesthetic values during the procedure was treated with
ephedrine bolus (5 mg), and HR below 50 beats per minute
was treated with increasing doses of 0.25 mg atropine. We
used the classic surgical technique of sub-Tenon’s anesthesia described by Stevens,24 as well as the Stevens cannula.
No additional intervention was performed after anesthetic
injection so as to not interfere with subsequent assessments.
Patients were evaluated up to 10 minutes after the subTenon’s blockade, during surgery, and after completion of
the surgical procedure in the postanesthetic recovery unit.
Adverse events related to the anesthetic technique were
registered.
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The sample size was calculated based on the study by
Pianka et al.,11 which detected a 24% reduction in OPA right
after sub-Tenon’s anesthesia. Considering this value and a
5% signiﬁcance level, and test power of 80%, 20 patients
were required for each group. Student’s t-test was used to
check whether baseline values between both groups were
similar for symmetrical continuous variables such as age,
MAP, HR, SpO2 , IOP, OPA and OPP. For continuous asymmetric
or ordinal variables such as weight, ASA, volume of injected
local anesthetic and surgical time, the nonparametric MannWhitney test was adopted. To analyze the effect of clonidine
on systemic and ocular hemodynamic values, the repeated
measurement test, called the mixed linear model, was used
and allowed comparing the general effect between the LS
and LC groups (regardless of time); compare the difference
in effect over time (baseline, 1 min, 5 min, and 10 min)
within each group; and whether the effect over time on one
group was more effective than the effect over time on the
other group (time x group interaction). Differences were
presented with their respective 95% Conﬁdence Intervals
(95% CI). Signiﬁcance was set at 0.05. All analyses were performed using SPSS version 17.0 (IBM Corporation, Armonk,
USA).

Results
The CONSORT ﬂow diagram of the study is presented in
Figure 1. Of the 53 eligible patients, 40 were randomized
and all of them concluded the study. There was no significant difference between groups regarding demographics,
ASA, and total volume of local anesthetic injected. There
was also no signiﬁcant difference in baseline MAP, HR, SpO2 ,
IOP, OPA, and OPP (Table 1). After blockade, MAP was signiﬁcantly reduced in the group that received clonidine, 10
minutes after blockade (-4.20 mmHg; 95% CI -12.40 --- -4.0)
(p = 0.01), and clinical intervention with ephedrine was not
required. No signiﬁcant differences were observed in HR
between groups over time, and atropine was not required.
SpO2 showed only a signiﬁcant difference between baseline
and the 5th minute for both groups (difference of -0.75; 95%
CI -1.40 --- -0.08) (p = 0.02), with no clinical signiﬁcance.
Table 2 presents mean, standard deviation, and 95% conﬁdence interval of the ocular IOP, OPA and OPP variables
throughout the 10 minutes; it also shows the general results
of the mixed linear model for group interaction, time, and
group versus time. There was a signiﬁcant difference for IOP
over time between groups, between groups and interaction
between groups versus time. For OPA, there was only difference over time, and interaction between group and time.
No signiﬁcant differences were observed for OPP.
Table 3 describes detailed results, with an estimate of
the effect of clonidine on ocular variables over time, when
compared to baseline. Baseline IOP interception status was
18.79 mmHg, not different between the groups. The difference between the LC and LS groups was -1.075 mmHg
(95% CI -2.81 --- 0.66) (p = 0.22). Mean IOP values increased
signiﬁcantly from baseline to minute one after blockade in
both groups (difference of 4.67 mmHg, 95% CI 2.67---6.66)
(p = 0.001). After 5 minutes, the difference was smaller
(2.15 mmHg, 95% CI 0.46---3.83) (p = 0.013) and there was no

difference from baseline at 10 minutes (1.09 mmHg, 95% CI
-0.47---2.65) (p = 0.17) (Table 3).
When we analyzed group interaction versus time, we
observed a signiﬁcant increase in IOP for both groups when
compared to baseline, one minute after blockade. However,
the increase in IOP was lower than in the LC group, a difference of -3.18 mmHg (95% CI -5.99 --- -0.37) (p = 0.027) when
compared to the LS group. After 5 minutes of observation,
the difference in IOP was -2.44 mmHg (95% CI -4.82 --- -0.062)
(p = 0.044) and, after 10 minutes, the difference was -2.66
mmHg (95% CI 4.87 --- -0.44) (p = 0.019).
The OPA intercept under baseline conditions was
2.95 mmHg and was not different between the two groups.
There was a signiﬁcant reduction in OPA after anesthesia for
both groups. The difference from baseline at 1 minute was
-0.85 mmHg (95% CI -1.36 --- -0.33) (p = 0.00), and at 5 and
10 minutes the difference was -1.17 (95% CI -1.65 --- -0.69)
(p = 0.00) and -0.89 mmHg (95% CI -1.37---0.41) (p = 0.001),
respectively (Table 3). The analysis of the trajectory of each
group over time, shows that the LC group presented a signiﬁcantly larger reduction in OPA than the LS group. The
difference between baseline and 1 minute was -0.78 mmHg
(95% CI -1.51 --- -0.51) (p = 0.03). After 5 and 10 minutes, the
difference was -0.28 mmHg (95% CI -0.96---0.39) (p = 0.40)
and -0.81 mmHg (95% CI -1.48 --- -0 .13) (p = 0.02).
There was no signiﬁcant difference in OPP between
groups or over time (Table 3). Regarding adverse events
related to the anesthetic technique, in the LS group, 1
(5%) patient had Subconjunctival Hemorrhage (SC) in the
Inferior Nasal Quadrant (INQ), 1 (5%) patient had SC hemorrhage in 2 quadrants, INQ and Superior Nasal Quadrant
(SNQ), 1 (5%) patient presented chemosis in 2 quadrants,
INQ and Inferior Lateral Quadrant (ILQ) and visual sensation in 3 (15%) patients. In the LC group, 2 (10%) patients
had SC hemorrhage in IQN, and 1 (5%) patient had SC hemorrhage in 2 quadrants, INQ and SNQ. The adverse events
did not interfere with the surgical technique. There were
no clinically important hemodynamic changes at the postanesthetic care unit. All patients were discharged from the
hospital within six hours after the end of surgery, without
any event preventing discharge.

Discussion
There are substantial ﬂuctuations in IOP during intraocular surgery, ranging between 13 and 96 mmHg for cataract
procedures.25 These intraoperative IOP ﬂuctuations can
result in abnormal blood ﬂow to the optic nerve and
retina, because OPP becomes sharply decreased.26 The
acute increase in IOP (20 mmHg for 5 min) reduces blood
ﬂow to the retina, choroid and optical nerve in healthy
volunteers.27 Therefore, the challenge to anesthesia is to
optimize surgical conditions, minimize risk of complications
to vision and other adverse effects, and preserve retina perfusion.
In our study, we demonstrated a 4.67 mmHg increase in
IOP in the ﬁrst minute after blockade. This is in agreement
with previous studies comparing retrobulbar, peribulbar
and sub-Tenon’s blockade, which demonstrated an initial
increase, ranging from 5 to 10 mmHg in IOP.28 This initial increase in IOP seems to be related to the volume of
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Figure 1

CONSORT ﬂow diagram for inclusion.

local anesthetic injected into the orbital cavity.10 Excessive volume may cause an increase in IOP at the beginning
of surgery, which may be associated with positive vitreous
pressure and risk of intraoperative complications. Posterior
capsule rupture, vitreous prolapse and suprachoroidal hemorrhage have been some of the complications reported.13 In
our study, we injected, on average, 5.5 mL of anesthetic
solution which could have created an initial compression
effect on structures of the globe, but it was reversed after
10 minutes.
In the present study, we observed a small reduction of
roughly 2.5 mmHg in IOP after 5 and 10 minutes, when we
compared the blockade in the presence or absence of clonidine. However, the effect, even if small, could be clinically
relevant if we consider that small increases in IOP in patients
can impair blood ﬂow to the retina and exacerbate damage

to eyes with an already abnormal perfusion pressure, as is
the case of patients with glaucoma.13
The initial increase in IOP right after the administration
of the anesthetic solution with clonidine was of a lower magnitude when compared to the more pronounced effect of
the local anesthetic with saline solution. Lidocaine is known
to induce vasoconstriction on the orbit and decrease the
volume effect on IOP. Local anesthetics are also known to
prevent endothelial formation of Nitric Oxide (NO) in isolated ciliary arteries,29 impairing the endothelial relaxation
mechanism and reducing blood ﬂow after regional anesthesia on the orbit. The intensity of those effects on Ocular
Blood Supply (OBS) depends on the kind of local anesthetic,15
kind of anesthesia,9 volume of local anesthetic solution,10
and the adjuvants added to the anesthetic solution. On the
other hand, in peribulbar blocks with lidocaine associated
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Table 1 Demographic variables, ASA, total volume of Local Anesthetic (LA) injected, duration of surgery, baseline hemodynamic
and ocular variables of groups LS (Lidocaine + Saline) and LC (Lidocaine + Clonidine).
Variables

Group LS (n = 20)

Group LC (n = 20)

p-value

Age (years)
Weight (Kg)
Gender (female)
ASA I/II
Volume of LA injected (mL)
Surgical time (min)
MAP (mmHg)
HR
SpO2 (%)
IOP (mmHg)
AOP (mmHg)
OPP (mmHg)

66.40 ± 11.89
60.90 ± 11.36
13 (65%)
17 (85%)/3 (15%)
5.17 ± 0.54
28.25 ± 11.84
100.96 ± 10.46
65.55 ± 8.77
98.75 ± 0.85
18.79 ± 3.01
2.95 ± 0.70
48.51 ± 8.32

63.30 ± 14.09
68.65 ± 15.15
11 (55%)
16 (80%)/4 (20%)
5.48 ± 0.55
27.50 ± 9.80
96.76 ± 14.79
68.25 ± 7.33
98.5 ± 0.83
17.72 ± 2.37
3.22 ± 1.28
46.79 ± 9.99

0.457a
0.056b
0.340c
1.00b
0.105b
0.924b
0.30a
0.29a
0.35a
0.22a
0.42a
0.55a

Data shown as ± SD for age, weight, volume injected, surgical time.
MAP, Mean Arterial Pressure; HR, Heart Rate; SpO2 , Oxygen Saturation; IOP, Intraocular Pressure; OPA, Ocular Pulse Amplitude; OPP, Ocular
Perfusion Pressure. Values expressed as absolute numbers and percentages for gender, ASA (American Society of Anesthesiologists).
a Independent Student’s t-test.
b Mann-Whitney test.
c Chi-square test; p < 0.05.

Table 2
Variables

IOP
Group LS
Group LC

OPA
Group LS
Group LC

OPP
Group LS
Group LC

IOP, OPA and OPP up to 10 minutes.
Time

Mixed model

Baseline

1 min

5 min

10 min

Effects

p-value

18.79 ± 3.01
(17.54-20.04)
17.72 ± 2.37
(16.47-18.97)

23.47 ± 3.55
(22.21-24.71)
19.21 ± 3.53
(17.95-20.45)

20.94 ± 2.40
(19.69-22.19)
17.42 ± 2.84
(16.17-18.67)

19.88 ± 2.33
(18.63-21.13)
16.15 ± 2.09
(14.90-17.40)

Time

0.001

Group

0 .001

Time x Group

0 .002

Time

0 .001

Group

0 .261

Time x Group

0 .04

Time

0.68

Group

0 .43

Time x Group

0.84

2.95 ± 0.70
(2.48-3.42)
3.22 ± 1.28
(2.61-3.82)

48.51 ± 8.32
(44.62-52.41)
46.79 ± 9.99
(42.62-50.95)

2.10 ± 0.86
(1.76-2.44)
1.58 ± 0.60
(1.24-1.92)

43.99 ± 8.96
(39.69-48.28)
43.33 ± 9.99
(39.04-47.63)

1.78 ± 0.74
(1.42-2.14)
1.76 ± 0.84
(1.40-2.12)

46.36 ± 9.48
(42.51-50.22)
44.11 ± 7.42
(40.26-47.97)

2.06 ± 0.79
(1.75-2.37)
1.51 ± 0.54
(1.20-1.82)

48.24 ± 7.84
(44.69-51.80)
45.43 ± 7.88
(41.88-48.99)

Data shown as mean ± SD and 95% CI for IOP (intraocular pressure), OPA (ocular pulse amplitude), and OPP (ocular perfusion pressure);
Groups LS (lidocaine + saline) and LC (lidocaine + clonidine);

with adrenaline, a reduction in the resistive index of the
ophthalmic artery was observed ten minutes after blockade, suggesting that an induced vasoconstriction due to
adrenaline can trigger self-regulation mechanisms to maintain OBS.30
Previous studies have shown a predominance of ␣2 adrenergic receptors in richly vascularized ocular tissues, such
as the choroid, ciliary body31 and ciliary arteries, whose
activation mediate powerful vasoconstriction.32 Clonidine
activates the ␣2a adrenergic receptors of vascular smooth
muscle cells and of the vascular endothelium, changing

the endothelial production of NO which results in ocular vasoconstriction.33 Its association to local anesthetic
exacerbates it’s vasoconstrictor effect. The mechanism for
decreasing IOP may be due to vasoconstriction in the ciliary body and episclera by ␣ receptor stimulation and
increased uveoscleral aqueous drainage.19 Our results show
that clonidine is capable of minimizing increase in IOP after
sub-Tenon’s blockade, without changes in OPP. The peribulbar and sub-Tenon’s technique reduced OPA in a previous
study,11 without changing IOP. The authors, however, used
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Table 3 Results of mixed linear model to identify which baseline ocular values were inﬂuenced by clonidine throughout 10minutes.
Variables

IOP
Estimated (95% CI)

Group
Intercepted
Clonidine

18.79

Time
Baseline
1 minute
5 minutes
10 minutes
Group x Time
Baseline
Clonidine
1 minute
Clonidine
5 minutes
Clonidine
10 minutes
Clonidine

p-value

OPA
Estimated (95% CI)

p-value

2.95

OPP
Estimated (95% CI)

p-value

48.51

-1.075 (-2.81; 0.66)

0.22

0.26 (-0.38-0.91)

0.41

-1.72 (-7.47; 4.02)

0.54

4.67 (2.67; 6.66)
2.15 (0.46; 3.83)
1.09 (-0.47; 2.65)

0.001
0.013
0.17

-0.85 (-1.36; -0.33)
-1.17 (-1.65; -0.69)
-0.89 (-1.37; -0.41)

0.001
0.001
0.001

-4.52 (-12.19; 3.14)
-2.15 (-9.68; 5.38)
-0.26 (-7.67; 7.13)

0.25
0.57
0.94

-3.18 (-5.99; -0.37)

0.027

-0.78 (-1.51; -0.51)

0.03

1.07 (-5.25; 7.40)

0.72

-2.44 (-4.82; -0.062)

0.044

-0.28 (-0.96; 0.39)

0.40

-0.52 (-6.44; 5.40)

0.86

-2.66 (-4.87; -0.44)

0.019

-0.81 (-1.48; -0.13)

0.02

-1.08 (-6.67; 4.50)

0.69

Data shown as mean ± SD and 95% CI for IOP (intraocular pressure), OPA (ocular pulse amplitude), and OPP (ocular perfusion pressure).

2 mL of lidocaine without adrenaline, a lower volume than
the one used in the present study.
OPP can be reduced by increase in IOP, decrease in
venous drainage, and change in the diameter of blood vessels induced by local anesthetic.7,9,15 In our study, OPP
decreased along with increasing IOP and decreasing OPA soon
after administration of anesthetic solutions. OPP tended
toward normal after 10-minutes, despite the decrease in
OPA. These ﬁndings are similar to previous reports using different anesthetic solutions,7,8,15 and are probably due to
the vasoconstrictor effects of the local anesthetic. In the
present study, the magnitude of the increase in IOP was
lower in patients who received clonidine, while the reduction in OPA was more pronounced than what occurred in the
LS group.
Subconjunctival hemorrhage ranged from 5% to 10% and
is in agreement with other reports in the literature. Chemosis was also observed due to the volume of local anesthetic
injected passing to the anterior region of the conjunctiva.
Visual sensation was also observed, and it seems that its incidence does not signiﬁcantly differ among regional orbital
block techniques.2
One of the limitations of the present study is that OPA
measurements are considered indirect measurements of
FSO, that is, pulsatile blood ﬂow, without quantifying diastolic non-pulsatile ﬂow. Another limitation is the clinical
nature of the study that did not allow assessment beyond
10 minutes. We do not know if OPP was maintained after
this period, given the vasoconstricting effects of lidocaine
were accentuated by clonidine.
The ﬁndings of the present clinical study may beneﬁt
patients with some degree of ocular hemodynamic changes
or who have glaucoma before performing regional blockades
on the orbit. As OPA is an easy to perform, practical and lowcost test, it can reveal OBS status beforehand, and help as to

the best anesthesia care, type of regional blockade, choice
of less vasoconstrictor anesthetic, and type of adjuvant that
may interfere in ocular hemodynamics. On the other hand,
sub-Tenon’s anesthesia becomes an excellent choice for phacoemulsiﬁcation cataract surgery due to its efﬁcacy and the
safety inherent to the technique.2---4
Concluding, sub-Tenon’s anesthesia, associating clonidine to lidocaine was capable of decreasing IOP and OPA
without signiﬁcant changes to OPP. Clonidine in the anesthesia technique can be considered beneﬁcial, especially by
reducing IOP, providing excellent surgical conditions. However, special care should be taken, mainly for patients with
glaucomatous dysfunction, diabetes, hypertension, or other
endothelial dysfunctions because of the drug’s vasoconstrictor capacity on the orbit. Changes to the self-regulatory
system of the orbit vasculature, due to the vasoconstrictor
effect on the orbit, should not be excluded.

Ethics approval
All procedures involving human participants were performed
according to the ethical standards of institutional and/or
national research committees, and of the 1964 Declaration
of Helsinki and its posterior changes or comparable ethical
standards.
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Abstract
Background: Peribulbar Anesthesia (PBA) is a relatively safe method for cataract surgery. The
anesthetic volume should be adjusted according to the axial eyeball length. Thus, using Minimum Effective Volume (MEV) of local anesthetic helps avoiding unnecessary volumes, preventing
increases in intra-ocular pressure, and producing satisfactory conditions for cataract surgery.
This study aims to determine the MEV90 of local anesthetics in relation to eye globe axial length
in peribulbar blocks for cataract surgery.
Methods: Patients scheduled for cataract extraction under local anesthesia were divided
according to their axial eyeball length; Group 1 included those with axial length from 22 to
24 mm, Group 2 included patients with axial length from 24.1 to 26 mm. The initial volume
used was 7 mL of a solution of bupivacaine 0.5% (3 mL) + lidocaine 2% (3 mL) + hyaluronidase 150
IU (1 mL). The subsequent volumes were dependent on the response of the previous patient,
by using a Bias Coin Design (BCD) and Up and Down Method (UDM) for MEV-90 determination.
Results: The study was concluded with 119 patients. Sixteen patients needed supplemental
volume of local anesthetic in Group 1 and thirteen in Group 2. The MEV90 for Group 1 was
approximately 5.82 mL (95% CI 5.6 to 5.87 mL) and 5.45 mL for Group 2 (95% CI 5.38 to 5.91 mL).
No major complications were noted. There was a negative correlation between the effective
volume of LA and eye globe axial length in both groups (p = 0.001).
Conclusion: The MEV90 of local anesthetics for peribulbar block show a strong and inverse correlation with eye globe axial length. This may help achieving an effective block with minimum
complications.
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).
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Background
The peribulbar block is the most common regional anesthetic
technique used worldwide to provide anesthesia for the
cataract extraction and intraocular lens Implantation.1 It is
a relatively safe procedure when performed by well-trained
staff, particularly whenever contrasted with retrobulbar
block, which is related to devastating and potentially lifethreatening complications.2
Most patients scheduled for ophthalmic surgery are
elderly and have chronic medical problems. Local anesthesia, unless contraindicated, is the technique of choice as
it is associated with the minimum morbidity and minimum
disturbance of the patient’s daily activity.3
Day case intraocular surgery under local anesthesia has
great economic value and is generally the best option.
Peribulbar Anesthesia (PBA) for intraocular surgery by singleinjection technique is a simple and satisfactory alternative
approach for ocular regional anesthesia. A solitary, instead
of different penetrates technique, offers impressive favorable circumstances, for example, satisfactory absence of
pain, diminished local anesthetic volumes, site of the puncture in relatively avascular region, and more precise needle
way.4
Lidocaine hydrochloride 2% is the most commonly used
injectable agent for local anesthesia. The onset of action
is within 1 minute and can last 1---3 hours. Bupivacaine
hydrochloride 0.5---0.75% is a longer-acting agent with a
duration of 6---8 hours. In contrast to lidocaine, bupivacaine
has a slower onset of action of 10 minutes but can be used
in combination with the previous.
The use of hyaluronidase as a coadjutant to local anesthesia is well established in ophthalmic surgeries. It gives a
superior dispersion of local anesthetic around the orbit and
utilization of lower volumes.5
Also, the volume of local anesthetic utilized in the
peribulbar block is a signiﬁcant factor identiﬁed with an
ascent in intraocular pressure (IOP). Other factors, for
example, variation in orbital volume and tightness of orbital
septum, may also assume a part.6
The optimal minimum effective volume (MEV) calculated
effective volume of local anesthetic which result in a successful lock in 90% of patients remains to be a subject in
discussion and lacks proper knowledge in current literatures.
This is a relevant issue to avoid IOP increase and produce
satisfactory conditions for cataract surgery.7
The aim of this study was to determine MEV90 of local
anesthetic, according to eye globe axial length, in peribulbar
block for cataract surgery.

Methods
This prospective double-blind research was conducted
between July and December 2019, in Ain Shams University
Hospital. The study was registered in Clinical Trials (clinical trials.gov) (ref: NCT04036201). Upon Ethical Committee
approval, on July 2019, and written informed consent of all
patients, the study enrolled adult patients of ages between
40---70 years, of both gender, American Society of Anesthesiologists (ASA) physical status I, II, and III scheduled for

elective cataract surgery using phacoemulsiﬁcation method
with intraocular lens implantation operation.
Exclusion criteria included patients’ refusal or allergy to
local anesthesia, patients with a single eye, high myopes
(axial length >26 mm), those with ocular infection, complicated vitreous hemorrhage, or associated glaucoma.
Also, patients who had any systemic contraindications (as
severe hypertension) were excluded. Figure 1 represents a
ﬂowchart illustrating the number of patients who accepted
to participate, and those who were excluded or dropped out
of the study.
All patients were submitted to eye globe axial length
ultrasound (US) evaluation with Mindray M5 (Shenzhen Mindray Bio-Medical Electronics Co., LTD. Shenzhen, China).
Using a high frequency linear array transducer (10 MHz),
the patient was examined in supine position, closed eyelid, and asked to maintain a straightforward gaze. A light
touch of the transducer to the eyelid, using US gel, was
applied, avoiding additional pressure to the cornea, which
may alter axial diameter. With image of eye globe centered on the screen, gain and depth were adjusted. The
measurement was taken from median point of the cornea,
anteriorly, to the sclera, posteriorly. Following this, patients
were assigned to either of two groups according to their eye
globe axial length.
Group 1 (patients with axial length amongst 22 and
24 mm) and Group 2 (patients with axial length amongst 24.1
and 26 mm). All patients were given a combination of bupivacaine 0.5% (3 mL) + lidocaine 2% (3 mL) + hyaluronidase 150
IU (1 mL) to an overall volume of 7 mL as the starting volume.
Patients were transferred to the operating theatre fasting for eight hours. Peripheral intravenous (IV) cannulation
was performed, and basic monitoring was applied and
documented, involving heart rate (HR), electrocardiogram
(5 leads), arterial blood pressure, and Oxygen Saturation
(SpaO2). Supplementary oxygen was provided during the
operation at 3 L.min-1 . Sedation with IV propofol 0.5 mg.kg-1
and topical anesthesia using tetracaine 0.5% was applied to
all patients’ eyes.
The local anesthetic mixtures were arranged at bedside
before the injection, stored in an identiﬁed closed container
and given to the patient by a physician not directly involved
in the research.
All peribulbar blocks were performed by two anesthesiologists with solid expertise in ophthalmic anesthesia. As a
double-blinded study, anesthesiologists had no knowledge of
study groups, and subjects were unaware to what LA volume was given. The anesthesia provider was responsible
for assessment of response to the block. For the peribulbar block, a single injection was performed, with a 25G
16-mm cutting bevel needle. With the eye ﬁxed in primary
gaze position, the insertion location was percutaneous in the
lower edge of the orbit 0.5 cm below and in line with the
inferior lacrimal punctum. The needle was progressed in an
anteroposterior course for half of its distance and then diagonally along the course of the optical foramen toward the
Angie between nose and eyebrow. After negative aspiration,
the allocated volume of local anesthetic solution was slowly
injected for 30 to 40 seconds, until observing full drop of
upper eyelid, as described by Rizzo et al.2 A gentle orbital
massage was then applied for 2 minutes.
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Figure 1

CONSORT ﬂowchart for the details of the study conduct.

The starting volume of local anesthetic was 7 mL, and
subsequent volumes were given based on the response of the
previous patient. In case of failure, the following subject
received a greater volume (described as the prior volume
with the addition of 0.1 mL). Upon a successful response,
the subsequent patient was randomized to a lower volume,
which equaled to the prior volume with a decrease of 0.1 mL,
with a probability of 11%, or the same volume, with the
probability of 89%.8
Global anesthesia (feeling pain on touch) was evaluated
on a 0---2 scale where 0 = no anesthesia, 1 = partial but satisfactory anesthesia, and 2 = complete anesthesia.
Motor block was assessed by estimation of globe akinesia in the four quadrants, discriminated by the 4 directions
of the gaze: lateral, medial, superior, and inferior. A 3point scoring method was chosen, in which 0 = akinesia,
1 = incomplete akinesia, and 2 = natural movement, with a
total score ranging from 0---8 for the four muscles.
Additional blocks were given when akinesia and anesthesia were inadequate 10 minutes after injection, and the
response was considered a failure.
The point in time to satisfactory surgical anesthesia was
observed also as the need for additional anesthesia. The pain
was evaluated by straightforward questioning using a 3-point

scoring method (no pain = 0, discomfort = 1, pain = 2) during
the procedure.
Stage of chemosis and subconjunctival hemorrhage were
noted after 10 minutes. Minor adverse events, such as
coughing, vomiting, hypotension, bradycardia, tachycardia,
arrhythmias, proptosis, were also documented and managed
accordingly Any major problems, such as globe puncture or
retrobulbar hemorrhage were also observed and if any, anesthesia should be canceled, and the operation rescheduled.

Statistical analysis
The decision to use 7 mL as initial volume of local anesthetic
was made upon our routine clinical practice and guided
by previous studies.2,11,25 The amount provided to the next
patient varies according to the response of the prior one.
Isotonic regression was used to verify the MEV90 with
bias-adjusted 95% Conﬁdence Interval (CI) obtained by bootstrapping; 3000 bootstrap samples were used to calculate
the mean value of the estimate.
The sample size was estimated following the method
of Durham et al.,9 for whom the maintenance of estimated parameters would be achieved with a minimum of
40 subjects. This assumption was made upon simulations
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Table 1

Descriptive analysis of data related to the 2 groups.

Total number
Age (years)
Male patients
BMI
ASA (I/II/III)
Failure responses
Duration of surgery (min)

Group 1 (22---24 mm)

Group 2 (24.01---26 mm)

p-value

61
51.1 ± 3.3
35(57)
27.15 ± 1.61
30/22/9
16(26)
31.1 ± 1.39

58
50.9 ± 2.56
37(64)
26.9 ± 1.43
28/24/6
13(22)
30.9 ± 1.16

0.551
0.474
0.922
0.712
0.628
0.503

Data presented as frequency or count (%) or mean ± SD.

for various circumstances of dose allocation, sample amount
and several positive responses. Accordingly, since the possibility of receiving a lesser volume after a successful response
in the prior patient is 11%, the minimum sample size would
be the lowest manifold of 9 above 40, which is 45. Thus,
we resumed enrolling patients until 45 successful responses
were achieved for each group, at which point the study was
considered ﬁnalized.
Statistical analysis was performed using the R statistical software package (R Foundation for Statistical Computing, Vienna, Austria [ISBN 3-900051-07-0;
http://www.R-project.org]) and Microsoft® Excel 2010
(Microsoft, Seattle, WA, USA). Continuous variables are
shown as mean Standard Deviation (SD) or median (range),
while categorical variables are presented as frequency.

Results
The 45 successful responses in each group were achieved
after enrolling 61 patients in Group 1 and 58 patients
in Group 2. Therefore, the research was concluded with
119 patients. The details of the study conduction are
presented in Figure 1. Demographic records are demonstrated in Table 1. All patients with successful responses had
uneventful operations. The number of patients who required
supplemental volume of local anesthetic was 16 in Group 1
and 13 in Group 2. The response of each patient in Groups 1
and 2 is demonstrated by Figures 2 and 3 respectively.
The MEV90 for Group 1 was nearly 5.82 mL (95% CI
5.6---5.87 mL) and 5.45 mL for Group 2 (95% CI 5.38---5.91 mL).
The MEV90 and their conﬁdence intervals for each group are
explained in Figures 2 and 3, respectively. Table 2 presents
the volumes given in each group., the MEV-90, and their
conﬁdence intervals. In both groups, there were statistically signiﬁcant strong negative correlations between the
axial length of the eye globe and the local anesthetic volume
in cases of successful responses as demonstrated in Figure
3. The frequency of minor complications is shown, with no
signiﬁcant variations between both groups (p = 0.676). No
major complications were observed in any of the patients.

Discussion
The purpose of this study is to determine the minimum effective volume (MEV90) of the local anesthetic in two groups
of patients with different eyeball axial lengths determined
by ultrasound-guided examination of the eye globe. A cor-

relation between axial length and dose-response in cataract
surgery is veriﬁed by our results.
Interesting research hinted that patient favor Peribulbar
Block (PBA) to topical anesthesia for cataract operation.10
Ahmed S et al., concluded that a Percaruncular single
injection peribulbar anesthesia for phacoemulsiﬁcation in
patients with axial myopia is an effective and relatively safe
technique.11
There are signiﬁcant variations in orbit and globe sizes
among the population which lead to signiﬁcant differences
in potential intra- orbital space volume available for local
anesthetics. The size of the human adult eye is varies
between 22 and 24.8 mm (axial) and between 21 and 27 mm
in the transverse diameter.
The axial length, which is described as the distance from
corneal apex to an interference peak corresponding to retinal pigment epithelium or Burch’s membrane, may differ in
certain conditions, such as myopia and hypermetropia. The
ultrasonic measurement of axial length in advanced cataract
situation was conﬁrmed by Goyal et al., with a variation of
20 to 26 mm.14
The relevance of this is because axial lengths greater than
26 mm are present in myopic eyes and carry a risk of eye
globe perforation of 1:140 needle blocks performed.12---15
Clinically relevant predictors of the required amount
of local anesthetic to provide reasonable akinesia and
anesthesia are yet to be established. Volumes from 6 to
10 mL are usually part of clinical practice. Hence achieving an optimal injected volume is of utmost importance,
once insufﬁcient volumes can lead to inadequate blocks,
and excessive volumes can cause a hazardous increase in
IOP. On another hand, IOP rise relates to oculo-cardiac
reﬂex, vitreous prolapse and acute ischemic optic neuropathy. This justiﬁes the need to detect a minimum effective
volume.16
An excessive rise in intraocular pressure can lead to oculocardiac reﬂex, vitreous prolapse and acute ischemic optic
neuropathy That is why researchers have made every effort
to detect minimum effective volume required.17
A variety of techniques have been used to determine
the adequate amount of local anesthetic injected for each
case. Miranda et al. conducted a prospective, study on 51
patients scheduled for cataract surgery to evaluate total
upper eyelid drop as a new endpoint for a single injection
peribulbar block. Applying this procedure, adequate ocular
akinesia was accomplished in 90% of eyes 10 minutes following injection. The mean volume of the local anesthetic
mixture injected was 9.1 mL.18
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Figure 2 Patients’ responses in Group 1 (Panel A) and in Group 2 (Panel B) to different volumes given, the reference line indicates
the MEV90. Response to LA volumes 䊉Success  Failure; LA, Local Anesthetic; MEV90, Minimum effective volume of local anesthetic
to 90% successful response.
Table 2

Analysis of volumes of local anesthetic and MEV-90 for each group.

Volume given (mL)
Median (range)
MEV-90 (mL)
95% CI of MEV90

Group 1 (22---24 mm)

Group 2 (24.01---26 mm)

p-value

5.89 ± 0.39
5.7 (5.5---7)
5.82 ± 0.23
5.61 to 5.87

5.78 ± 0.49
5.6 (5.3---7)
5.45 ± 0.22
5.38 to 5.91

0.175
0.487
N/A

Data presented as mean ± SD.
CI, Conﬁdence Interval.

To the best of our knowledge, the impact of the eye
globe axial length on the volume of local anesthetics for
peribulbar block still lacks grounding in current literature.
Our data conﬁrm a correlation between axial length and
dose-response of cataract surgery, longer eyes were found

to require a lower amount of local anesthetic This is supported by our results, showing that MEV90 for Group 1
(axial length between 22 and 24 mm) was nearly 5.82 mL and
5.45 mL for Group 2 (axial length between 24.1 and 26 mm).
A reasonable hypothesis is that the distribution of the local
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ball and cause analgesia.21 Cehajic K.J et al. conﬁrmed that
4 mL of anesthetic provided via the sub-Tenon way is better
than a single peribulbar injection to an equal volume.22
A biased coin design (BCD) was used to assess MEV90 of
local anesthetics in the peribulbar block. BCD has been previously validated by prior studies to investigate MEV50 and
MEV90 of local anesthetics in regional anesthesia23 we used
this same technique.24
Additionally, the ﬁndings point to clinical relevance of
minimizing the volume of local anesthetics in the peribulbar
block by using eye globe axial length measurement guided
by ultrasound. This may contribute to add safety to the
procedure and decrease complications such as a rise in IOP.
A limitation of this study is that we did not measure
intraocular pressure during block administration and in the
postoperative period to avoid handling the operated eye in
the immediate postoperative period.

Conclusion
The MEV90 of local anesthetics for peribulbar block show a
strong and inverse correlation with eye globe axial length.
This may help achieving and effective block with minimum
complications.
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Figure 3 Correlation between the eye globe axial length and
the volumes of LA given in cases of successful responses in Group
1 (Panel A) and in Group 2 (Panel B). The p-values indicates
signiﬁcant correlations. LA, Local Anesthetic.

anesthetic in a more compact space. Therefore, the potential intraorbital space to accommodate injected volume is
decreased, justifying that a larger eye globe requires lower
volumes.
In comparison to our results, Soares et al. found that
the minimum anesthetic volumes of 0.5% racemic bupivacaine and 0.5% levobupivacaine, needed for retrobulbar
extraconal anesthesia for patients undergoing cataract
extraction, were 6 mL and 6.2 mL respectively where they
use single-injection and inferior-lateral approach.19
On the other hand, Mostafa et al.20 have shown substantial variations in previous studies designed for ocular blocks
using different amounts of local anesthetics. in bulbar akinesia, relating a 4 ml volume of anesthetic solution, compared
to 2.5 mL, with superior ocular akinesia, however, retrobulbar extraconal block guarantees local anesthetics beyond
the eye equator, near to the cone, being altered from a
peribulbar block where the needle is tangent to eye equator,
Ripart et al. veriﬁed that a trivial volume of (PBA), injected
local anesthetic (5---6.5 mL) is sufﬁcient to encircle the eye-
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Abstract
Objective: Assess patients submitted to elective cesarean section under spinal anesthesia, and
the efﬁcacy of different doses of fentanyl associated with bupivacaine.
Methods: The study included 124 pregnant women randomly distributed into 4 groups (n = 31)
according to different doses of fentanyl (15 g, 10 g, 7.5 g), Groups I, II, and III, respectively,
and control group IV, associated with 0.5% hyperbaric bupivacaine (10 mg). An epidural catheter
was inserted in case epidural top-up was required. We assessed the anesthetic blockage characteristics, negative maternal and neonatal outcomes, and maternal side effects. Statistical
analysis was performed using Kruskal-Wallis, Fisher’s exact and chi-square tests. The level of
signiﬁcance was 5% (p < 0.05).
Results: The quality of analgesia, time for the ﬁrst complaint of pain and motor block recovery time were signiﬁcantly better for groups that received fentanyl in comparison to controls
(p < 0.001). None of the groups had negative maternal-fetal outcomes. Nausea was signiﬁcantly
more frequent in patients in Groups II (10 g) and III (7.5 g) when compared to Groups I (15
g) and IV (no fentanyl). Vomiting was more frequent in Group III than in Group I (p = 0.006).
The incidence of pruritus was signiﬁcantly higher in the groups receiving fentanyl (p = 0.012).
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Conclusions: Among the solutions studied, the spinal anesthesia technique using 15 g of fentanyl associated with 10 mg of hyperbaric bupivacaine provided satisfactory analgesia and very
low incidence of adverse effects for patients submitted to cesarean section.
Trial Registration Number: UTN U1111-1199-0285.
REBEC: RBR-5XWT6T.

Introduction
Spinal anesthesia with hyperbaric bupivacaine is the most
commonly used anesthetic technique for elective cesarean
section and in urgent and emergency scenarios due to its
simplicity and ease of performance, low cost and quick
installation of anesthesia, providing adequate analgesia and
muscle relaxation for the surgery.1---3 However, when used
alone, 12 to 15 mg doses are required to obtain satisfactory
levels of sensory blockage for surgery and to avoid visceral
pain resulting from intraoperative peritoneal traction, and
consequently, major adverse events will be circulatory, such
as arterial hypotension and fetal distress.3 Doses of local
anesthetics can be reduced to avoid the spinal anesthesia hemodynamic adverse events probably due to excessive
doses of local anesthetic, although this approach may be
associated with a greater need for analgesia complementation intraoperatively.
The association of low doses of bupivacaine with fentanyl, a lipophilic opioid, has been proposed to improve
the quality of the blockade, prolong duration of analgesia, and reduce the incidence of intraoperative nausea and
vomiting.1,3
Several doses of fentanyl (from 2.5 to 50 g) have been
described in the literature for spinal block for cesarean section, and the 25 g dose was used in most studies.1,2,4---6
However, intrathecal fentanyl has been associated with
increased postoperative opioid requirements, possibly due
to a fast-onset opioid tolerance or opioid-induced hyperalgesia. In addition, a ceiling effect was observed with
intrathecal doses above 0.25 g.kg-1 , revealing that high
doses of intrathecal fentanyl do not improve the quality of analgesia and increase adverse effects.1 Therefore,
the results regarding the efﬁcacy of fentanyl in association
with local anesthetics vary, and a signiﬁcant dose-effect
relationship has not been established yet. The present
study evaluated pregnant women undergoing cesarean section under spinal anesthesia and aimed to compare the
effectiveness of different doses of fentanyl associated with
hyperbaric bupivacaine regarding the quality of the blockade and maternal and neonatal outcomes.

Methods
The present study is a prospective, double-blind, randomized trial. The study was approved by the institution’s
research and ethics committees and carried out from
November 2017 to December 2018. After signing an informed
consent, full-term pregnant participants were included, and
submitted to cesarean section under spinal anesthesia.

Inclusion criteria were age equal to or above 18 years;
ASA (American Society of Anesthesiologists) physical status II and III; BMI less than 40 kg.m2 ; pregnancy equal to
or above 37 weeks; with a live and single fetus. Exclusion
criteria were pregnant women with psychiatric disorders;
history of drug addiction; diagnosis of acute or chronic fetal
distress; contraindication for regional anesthesia; history of
hypersensitivity to the study drugs; previous administration
of opioids and/or other central nervous system depressants
during current hospital admission.
We calculated the sample size based on ﬁndings of
Dahlgren et al.,6 reporting a total 140-minute duration of
analgesia for the bupivacaine (12.5 mg) + fentanyl (10 g)
combination. Using a dose of bupivacaine (10 mg) lower
than that recommended by Dahlgren et al.,6 was justiﬁed
by the relevance of reducing maternal and neonatal hemodynamic events. By considering a difference in analgesia
duration of approximately 30 minutes around the reported
mean (140 minutes) for each comparison group, assuming
this difference by the Student’s t-test, and considering a 5%
signiﬁcance level (␣ = 0.05) and a power of 80% (␤ = 0.20),
the estimated sample was 124 patients (31 cases in each
group), randomly allocated into one of four groups using a
computer-generated table of numbers (SAS software version 9.2). The sealed envelope technique was used and
the anesthesiologist who performed the spinal anesthesia
and assessed the study variables was blind to the solution
used.
The four groups received a 10 mg (2 mL) dose of 0.5%
hyperbaric bupivacaine, associated with different doses of
fentanyl. A 0.9% NaCl solution was added to complete a total
volume of 3 mL in all groups. All drugs used were from the
same manufacturer.
The four groups of the study were: Group I, fentanyl
(15 g --- 0.3 mL) + 0.9% NaCl solution (0.7 mL); Group II,
fentanyl (10 g --- 0.2 mL) + 0.9% NaCl solution (0.8 mL);
Group III, fentanyl (7.5 g --- 0.15 mL) + 0.9% NaCl solution (0.85 mL); and Group IV, 0.9% NaCl solution (1.0 mL).
Combined to the spinal anesthesia all patients had an epidural catheter placed prior to the spinal anesthesia, in case
epidural top-ups with local anesthetic would be required to
ensure adequate anesthesia for surgery for participants with
intraoperative discomfort.
Participants were fasting and did not receive preanesthetic medication. In the operating room, all were
continuously monitored with continuous ECG DII derivation tracing, noninvasive blood pressure monitor, and pulse
oximeter. After venous access with an 18 cannula, 500 mL
to 750 mL of Ringer’s lactate solution was infused before
performing the blockade. With the patient in the sitting position, an epidural puncture was initially performed with a
16G Tuohy needle, in the L2---L3 interspace, and the epidu643
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ral catheter was inserted introduced in the cranial direction.
The spinal anesthesia was performed with a Whitacre 27G
or 25G Quincke needle in the L3---L4 interspace, and the
anesthetic solution was manually injected at a rate of
1 mL.15s-1 , without barbotage. After the block, participants were placed in supine position and a Crawford wedge
installed to displace the uterus to the left until fetal extraction. Oxygen supplementation (2 to 3 L.min-1 ) was provided
by a nasal cannula.
Hydration was maintained with Ringer’s lactate solution
(10 mL.kg-1 .hour-1 ). The following variables were studied:
1) Sensory block latency: time elapsed between end of the
spinal injection of anesthetic solution and absence of pain
to pinprick stimuli at T10 level (assessed every minute);
2) Maximal level of sensory block: assessed 20 minutes
after the end of the spinal injection of anesthetic solution; 3) Maximal degree of motor block: assessed 20 minutes
after the end of the spinal injection of anesthetic solution,
according to the modiﬁed Bromage score: 0 = free movement of the lower limbs (null), 1 = ability to ﬂex knees
and move feet, 2 = ability to only ﬂex feet, 3 = complete inability to move lower limbs, 4) Time to full recovery
of motor block: interval between the end of the spinal
injection of anesthetic solution and the free movement of
the lower limbs (0, nil); 5) Total duration of analgesia:
interval between the end of the spinal injection of anesthetic solution and spontaneous complaint of pain (VNS ≥ 3)
reported by the patient; 6) Quality of intraoperative analgesia evaluated according to the method proposed by Lee
et al.7 distributed in 4 levels: Excellent, no complaints,
comfortable; Good, little discomfort, no need for additional
medication; Fair, uncomfortable, but manageable with the
medication such as intravenous benzodiazepines and/or opioids; Poor, impossible to control with intravenous drugs,
requiring epidural lidocaine through the catheter. Patients
who reported excellent and good quality of analgesia were
classiﬁed as satisfactory analgesia, and as unsatisfactory
when analgesia was considered fair and poor; 7) Maternal hemodynamic and respiratory variables: Mean Arterial
Pressure (MAP, mmHg), heart rate (HR, bpm), peripheral oxygen saturation (SpO2 , %) were evaluated at the following
moments: before block (M0), immediately after block (M1),
every 5 minutes during surgery (M2), at the end of surgery
(M3). 8) Neonatal outcomes: neonate’s Apgar score was registered at the 1st and 5th minutes. Newborns were evaluated
at birth in the delivery room, and when they presented
normal tonus, breathing or crying, they were placed in skinto-skin contact, according to the standard routine of the
hospital’s neonatology service; 9) Maternal side effects: nausea, vomiting, pruritus; 10) Duration of surgery (minutes),
time between skin incision and wound suture; and time for
fetal extraction (minutes), time between skin incision and
umbilical cord clamping.
Arterial hypotension was deﬁned as decrease in Mean
Arterial blood Pressure (MAP) more than 20% below baseline
in the ﬁrst 30 minutes after spinal block. Whenever present,
arterial hypotension was initially treated with increase in
Ringer’s lactase infusion, and if persistent, with IV boluses
of 5---10 mg of ephedrine; Bradycardia: deﬁned as decrease
in heart rate below 50 beats per minute and when present
treated with 0.02 mg.kg-1 of atropine; respiratory depression: when SaO2 < 90% and respiratory rate < 10 rpm.

During stay at the PACU, as per protocol intravenous
tenoxicam (40 mg) and dipyrone (30 mg.kg-1 ) were administered, only after patient’s ﬁrst complaint of pain (VNS ≥ 3).

Statistics
Statistical analysis was performed for intention to treat. The
Kruskal-Wallis test was used to analyze the characteristics of
patients, time for recovery of motor block, duration of analgesia and cardiorespiratory parameters. Fisher’s exact test
was used for patient distribution according to physical status (ASA), sensory block latency, quality of analgesia, level
of sensory block, degree of motor block. The chi-square test
was used to compare the quality of analgesia (satisfactory
or unsatisfactory) among different groups, for requirement
of vasopressors and maternal adverse events. For the statistical analysis of maternal cardiocirculatory and respiratory
parameters, moment M2 was considered the mean of the
mean values obtained at 5-minute intervals during the ﬁrst
30 minutes of surgery, and every 15 minutes thereafter.
The level of signiﬁcance was 5% (p < 0.05). All analyses
were performed using the software SAS System for Windows
(Statistical Analysis System), version 9.2. SAS Institute Inc,
2002---2008, Cary, NC, USA.

Results
We included 124 patients, randomly and equally distributed
into the four groups previously described. Among cases, ﬁve
patients had block failure, two from group IV and one patient
from each of the other groups. The procedure on these
patients was performed after epidural catheter injection of
2% lidocaine. No participant required general anesthesia.
The analysis included 119 participants (Fig. 1). Due to the
loss of ﬁve cases, a new sample power was calculated using
the comparison between groups, setting the level of significance alpha or type I error at 5% (␣ = 0.05), with a 95%
conﬁdence interval, using the size of the groups (n = 119)
and the proportions obtained from the outcomes (quality
of analgesia, pruritus, nausea, and vomiting) in the 4 study
groups. A power of 99.9% was obtained for quality of analgesia, 93.0% for pruritus, 82.8% for nausea and 80.8% for
vomiting.
There was no signiﬁcant difference among groups regarding weight, age, height, BMI, and physical status (ASA).
Comparative analysis among the groups for duration of
surgery and time for fetal extraction presented no signiﬁcant difference, thus reducing the possible bias associated
with the surgical procedure (Table 1).
Table 2 shows spinal block characteristics. There were no
signiﬁcant differences among the groups for sensory latency
time, maximal level of sensory block and degree of motor
block. The maximum level of sensory block ranged from T2
to T6, with a predominance of level T4 in the four groups,
with no signiﬁcant difference (p = 0.496). The degree of
motor block ranged from 0 to 3, with a predominance of
degree 3 in all groups. Duration of analgesia and time to
full recovery of motor block (BROMAGE = 0) were signiﬁcantly longer (p < 0.001) for all participants receiving spinal
anesthesia solution that contained fentanyl (Groups I, II and
III), compared to participants receiving only local anesthetic
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Figure 1
Table 1

Flow chart of patients (CONSORT).

Demographic data and surgical parameters.

Variables
a

Age (years)
Weight (kg)a
Height (m)a
BMI (kg.m-2 )a
Duration of surgery (min)a
Time to fetal extraction time (min)a

Group I

Group II

Group III

Group IV

p

31.52 ± 5.76
87.39 ± 16.04
1.63 ± 0.07
33.03 ± 5.55
83.0 ± 20.17
22.63 ± 9.29

31.32 ± 6.48
83.74 ± 13.46
1.63 ± 0.08
31.42 ± 5.00
79.42 ± 20.55
21.16 ± 7.26

30.77 ± 7.39
86.50 ± 14.16
1.62 ± 0.06
32.75 ± 4.95
70.39 ± 18.0
28.97 ± 7.10

26.97 ± 7.03
83.80 ± 14.61
1.63 ± 0.07
31.40 ± 5.18
74.60 ± 19.61
21.50 ± 8.24

0.23
0.69
0.92
0.395
0.125
0.936

Values presented as Mean ± SD.
a Kruskal-Wallis test.

Table 2

Spinal anesthesia variables.

Variables

Group I

Group II

Group III

Group IV

p

Sensory block latency
(min)a
Degree of motor blocka
Level of sensory blocka
Time to full motor
function recovery
(min)a

1.65 ± 0.71

1.65 ± 1.08

1.90 ± 1.04

2.06 ± 0.96

0.125

2.94 ± 0.25
4.13 ± 1.02
134.47 ± 50.23

2.87 ± 0.43
4.00 ± 1.26
119.07 ± 36.88

2.87 ± 0.43
3.94 ± 0.96
115.83 ± 50.99

2.83 ± 0.59
4.33 ± 1.06
71.45 ± 38.07

0.949
0.49
<0.001

Duration of analgesia
(min)a

142.50 ± 69.99

117.27 ± 37.09

112.03 ± 49.99

67.00 ± 35.37

I, II, III =
/ IV
<0.001
I, II, III =
/ IV

Values presented as Mean ± SD.
a Kruskal-Wallis test.

(Group IV). Boxplot Figure 2 illustrate the analysis of values
observed for these variables.
Table 3 presents the quality of analgesia. More participants in the groups receiving a solution containing fentanyl
(Groups I, II and III) rated analgesia as ‘‘Excellent’’, 25
(83.33%), 22 (73.33%), 18 (60%), respectively. In Group
IV, 7 participants (24.13%) reported excellent analgesia.
There was a signiﬁcant difference between the groups that
received fentanyl when compared to the control group
(p < 0.001). The statistical analysis comparing the groups
that received fentanyl showed: I vs. II (p = 0.792); I vs. III

(p = 0.187); II vs. III (p = 0.618), with no signiﬁcant difference.
Statistical signiﬁcance was obtained for Groups I, II and
III compared to Group IV (p < 0.001) for satisfactory analgesia (excellent and good); unsatisfactory analgesia (fair and
poor) was observed in 21 (72.41%) patients in the group
without fentanyl. All patients who classiﬁed anesthesia
as ‘‘Fair’’ received intravenous fentanyl and/or midazolam. Patients whose anesthesia was classiﬁed as ‘‘Poor’’,
required epidural top-up with 2% lidocaine (100 mg) via
catheter.
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Figure 2
Table 3

Analgesia duration and time to full recovery of motor block (minutes).

Quality of analgesia.

Excellent
Good
Fair
Bad
Total

Group I

Group II

Group III

Group IV

Total

25 (83.33%)
1 (3.33%)
2 (6.66%)
2 (6.67%)
30

22 (73.33%)
2 (6.66%)
3 (10.00%)
3 (10.00%)
30

18 (60.00%)
3 (10.00%)
7 (23.33%)
2 (6.66%)
30

7 (24.13%)
1 (3.44%)
9 (31.03%)
12 (41.37%)
29

72
7
21
19
119

o

Values presented as total number (n ) and frequency (%).
exact test: p < 0.001.

a Fisher’s

There were no maternal-fetal events related to anesthesia in any of the groups. In the individual analysis of MAP
values, hypotension was observed, at some point during the
intraoperative period, in 19, 19, 17 and 20 patients in Groups
I, II, III, and IV, respectively, corrected with increased infusion of Ringer’s lactate and vasopressor drug. Vasopressor
requirements were similar among groups (p = 0.879). No
episodes of bradycardia were observed. The mean values for
respiratory rate and peripheral oxygen saturation remained
10 movements per minute and between 95 and 100%, respectively, and were similar in the four groups. For all groups,
Apgar scores ranged from 7 to 10 and 8 to 10 in the 1st and
5th minutes, respectively.
The incidence of pruritus was signiﬁcantly higher
(p = 0.012) in the groups that received fentanyl compared
to the group that did not receive fentanyl.
Nausea occurred more frequently in Groups II (18
patients) and III (20 patients), in comparison to Groups I (9
patients) and IV (12 patients). Statistical analysis showed a
signiﬁcant difference between Groups I and II (p = 0.02) and I
and III (p = 0.005). Vomiting was more frequent in Group III (9
patients), with a signiﬁcant difference (p = 0.006) compared
to Group I (1 patient).

Discussion
It is very important to provide adequate and safe maternalfetal anesthesia by choosing the anesthetic technique for
cesarean section. Typically, C-section is performed under
spinal anesthesia and several combinations of local anes-

thetics and analgesics are used. As this study was performed
at a teaching hospital, where surgeries are often performed
by training physicians and have longer surgical times, we
decided, in addition to performing spinal anesthesia, to
insert an epidural catheter. This approach aimed to administer top-up with local anesthetic for patients spontaneously
complaining of pain (VAS > 3) intraoperatively.
Bupivacaine is the local anesthetic commonly used for
spinal anesthesia in pregnant women, however, its isolated
use in low doses (7. 5---10 mg ) has been shown to be insufﬁcient to promote adequate surgical analgesia, with the
incidence of pain around of 71%, requiring, therefore, higher
doses to avoid visceral pain, nausea, and vomiting, resulting from the peritoneal traction that may occur during
Csection.1---3,7---10 However, high dose of bupivacaine is one
of the main factors responsible for the high incidence of
hypotension (50---85%), as well as other factors promoting
subarachnoid cephalic dispersion of local anesthetics and
the infusion of oxytocin.7,8,10
Although several studies have evaluated the beneﬁts,
risks and adequate doses of fentanyl associated with bupivacaine in spinal anesthesia for obstetric procedures, their
results are still controversial. Adding opioids to bupivacaine
administered intrathecally may show clinical advantages,
such as improving the quality of intraoperative analgesia and prolonging postoperative analgesia. However, the
potential disadvantages of opioid, such as pruritus, sedation, urinary retention and respiratory depression should
be considered.1,11---13 Fat-soluble opioids, such as fentanyl,
despite their lower rostral diffusion compared to water646
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soluble ones, may be responsible for cases of respiratory
depression when used intrathecally in pregnant women,
which can be explained by their effects being potentiated
by progesterone and endogenous opioids, which are high in
these patients.13 In this study, the four groups behaved similarly in relation to respiratory function, with no cases of
respiratory depression, similar to results described by other
authors.1,6,7
There was more frequent nausea and/or vomiting in the
groups that received the lowest doses of fentanyl, compared
to the one that received the highest dose of opioid. This ﬁnding agrees with what was described by other authors who
observed that the addition of intrathecal fentanyl reduces
the incidence of these intraoperative effects.1,6 However, in
our study, despite the higher dose of spinal fentanyl (15 g)
having resulted in lower incidence of nausea and vomiting,
this was also observed for the placebo group, which can
be attributed to the use of lidocaine via epidural catheter,
improving the quality of analgesia, a relevant protecting
factor against these adverse events.
Given that the presence of nausea and vomiting during C-section is considered important and mainly related to
uterine exteriorization and peritoneal traction, there have
been current descriptions that intrathecal opioids can provide protection against these adverse effects.1,6,14,15 Dahl
et al.15 showed that the incidence of nausea and vomiting
did not increase with the use of fentanyl and sufentanil, and
other authors described that the use of antiemetics was only
necessary in patients when using local anesthetic alone.6
Although the relationship between the occurrence of
pruritus and the dose of fentanyl is not sufﬁciently evident, it has been a frequent complaint among patients who
received this drug intrathecally.1,6,10---13,16---27 Approximately
80% of patients receiving fat-soluble opioid intrathecally
report pruritus, which in some cases is described as severe
and stressful.27---30 In this study, the occurrence of pruritus was similar in the groups receiving different doses of
fentanyl, therefore, it was not a dose-dependent effect
as described by many authors.1,6,10,15 Dahl et al.15 demonstrated in a retrospective study that included 485 patients,
a high incidence of pruritus, but similar with different doses
of opioids.
Hemodynamic changes during cesarean section under
spinal anesthesia with hyperbaric bupivacaine can be
attributed to the dispersion of bupivacaine in the subarachnoid space, which may be facilitated by the physiological
changes associated with pregnancy. These changes can cause
signiﬁcant maternal morbidity and mortality and deleterious effects on the concept, and the incidence and severity
depend on the blockage extension, circulating blood volume
and aortocava compression.9,10 In our study, despite the high
levels of sensory block (T4) obtained, these changes were
not signiﬁcant, and when they occurred, they were controlled by displacement of the uterus to the left, volume
expansion and intravenous ephedrine, strategies used to
prevent arterial hypotension related to spinal anesthesia.3,10
In the doses used, fentanyl did not change the vitality of
newborns, conﬁrmed by Apgar score above 7 in the 1st and
5th minutes, results previously observed, and that conﬁrm
the safety of the association of drugs used.10,17,20,23
Even though the high liposolubility of fentanyl is associated with high afﬁnity for  receptors, constituting

pharmacokinetic characteristics capable of explaining the
decrease in latency time of local anesthetics and the
fast onset of sensory blockade, studies show conﬂicting
results. In this study, the time to sensory block did not
differ among groups, a ﬁnding already revealed by other
authors.1,2,16
The time for full motor block recovery was similar
in all patients whose anesthetic solution contained fentanyl, but signiﬁcantly longer in comparison to patients in
the group that only received local anesthetic, demonstrating the importance of opioids when using lower doses of
bupivacaine.9
As previously found by other authors, fentanyl proved to
be signiﬁcantly important to improve the quality of anesthesia, as well as to prolong the time of analgesia in all
patients in which it was used.1,2,6 The best quality of anesthesia in patients who received opioids, as described by
other authors, may result from synergism between the two
drugs by acting at different sites. Opioids, when administered intrathecally, in addition to acting on speciﬁc spinal
cord receptors, have weak local anesthetic activity, but
can increase local anesthetics’ antinociceptive activity.13,20
Mean analgesia times in the groups in which opioids were
used were similar, with an increase of almost 100% in the
duration of analgesia compared to that found in the group
that did not receive fentanyl.
Therefore, unlike what has been described by other
authors who did not obtain adequate analgesia with doses of
less than 10 g of fentanyl,4 our study revealed that doses
as low as 7.5 g of this opioid provided satisfactory analgesia in patients undergoing cesarean section under spinal
anesthesia, which was also described by other authors.2 We
observed that of the 30 patients receiving this lower dose of
fentanyl, 21 classiﬁed quality of anesthesia as ‘‘excellent’’
and ‘‘good’’ and the duration of analgesia was similar to
that obtained in the two other groups that received the
highest doses of opioid. However, although the quality of
anesthesia was shown to be satisfactory, in the groups that
received lower doses of fentanyl, the occurrence of nausea
and vomiting was more signiﬁcant in relation to the group
that received the highest dose of this opioid.
In our study, we did not use the intrathecal fentanyl 25 g
dose in another group because the literature has already
described that a lower dose of intrathecal fentanyl could
provide effective analgesia associated with fewer adverse
effects such as nausea, vomiting and pruritus. Moreover,
it has been described that intrathecal fentanyl would be
implicated in the increase of opioid requirements postoperatively, possibly due to sudden tolerance or hyperalgesia
induced by opioids, and to a probable ceiling effect observed
with intrathecal doses greater than 0.25 g.kg-1 , highlighting that high doses of intrathecal fentanyl do not improve
the quality of analgesia and increase adverse effects.1 The
ideal, therefore, would be an adequate dose of intrathecal
fentanyl that provides an effective quality of analgesia with
fewer adverse effects.
The results of this study demonstrate that fentanyl at a
dose of 15 g associated with 10 mg of hyperbaric bupivacaine intrathecally for patients submitted to C-section was
effective, providing adequate anesthesia, with low occurrence of nausea and vomiting and greater maternal-fetal
safety.
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Abstract The International Association for the Study of Pain chose pain prevention as the
theme for the 2020 Global Year. Chronic postoperative pain is one the many types of pain
that can be potentially prevented. It develops or increases in severity after a surgery, persists
for at least three months, even after ruling out all other possible causes of pain. To perform
the present narrative review, the authors searched the PubMed database using the following
keywords ‘‘postoperative pain’’ OR ‘‘postsurgical pain’’ AND ‘‘chronic’’ OR ‘‘persistent’’. The
present review focused on the incidence, pain development and chroniﬁcation, and predisposing
factors. It also discusses prevention, diagnosis, and treatment of chronic postoperative pain.
Awareness of occurrence of chronic postoperative pain and recognizing risk factors is crucial
for the day-to-day practice of the anesthesiologist. Hence, numerous surgical patients can
have their outcome improved by preventing chronic postoperative pain, a condition scarcely
identiﬁed and without a well-established treatment.
© 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 International Association for the Study of Pain (IASP)
chose 2020 as the Global Year for prevention of pain. We
are aware that many cases of pain could be prevented with
proper assessment and diagnosis prior to the establishment
of central mechanisms that render pain chronic. Hence,
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IASP planned to disseminate strategies for pain prevention
to clinicians, researchers, and patients.1 Indeed, currently,
CPOP is the condition that has been drawing most of the
attention and is the type of pain in which anesthesiologists
play a central role.2
CPOP is a pain that results or increases in severity after
surgery and persists for at least 3 months, after ruling
out any other possible causes, such as infection, tumor
recurrence or pain arising from pre-existing conditions.
Therefore, CPOP is not part of the natural progress of the
disease that prompted the surgery.3,4 CPOP identiﬁcation
dates back more than 20 years as it was ﬁrst reported in
1999.5 Several reviews on CPOP followed this ﬁrst report,
but not much knowledge has been added to pathophysiology,
epidemiology, risk factors, and management of CPOP.6---8
The most recent publications have focused on determining CPOP risk factors and possible measures to prevent CPOP,
as well as pointing out the types of surgery that are more
likely to be related to CPOP, but not much success has been
achieved.9
Recently, IASP and the World Health Organization have
launched a joint effort to include CPOP in the new International Code of Diseases (ICD-11), and the condition has now
been described as a new disease in the ICD-11. Thus, CPOP is
listed as one of the seven categories that subdivides chronic
pain.10
We believe all anesthesiologists hold critical knowledge
and skills that can inﬂuence the best postoperative outcome. Thus, this narrative review aims to highlight the latest
studies on CPOP and certain strategies that may be relevant
for its prevention.

Table 1 Frequency of subacute and chronic postoperative
pain according to surgical procedures.
Procedure

Subacute
pain, up to 3
months (%)

Chronic pain,
up to 12
months (%)

Inguinal hernia repair
Thoracotomy
Sternotomy
Knee arthroplasty
Hip arthroplasty
Lower limb amputation
Mastectomy
Gynecological surgery

21---0
70.6
40
22.6
20
67
45
17

29.7
41.2
27
18.4
28
75
43---56
15---40

Modiﬁed from de Steyaert A, Lavand’homme P, 2018.3

end of a 12-month follow-up, incidence of mildly severe
CPOP decreased to 23%, while highly severe CPOP decreased
to 12%. The authors observed that pain duration in the initial
24 hours, more than pain intensity, was a relevant factor for
the development of CPOP.13
Depending on the surgery, CPOP is estimated to affect 5%
to 75% of surgical patients, result in patient disability and
anguish, reduce quality of life, and demand health care and
high social and therapy costs.3,9,12 When the pain source is
neuropathic the situation aggravates, with an incidence of
CPOP ranging from 6% to 68% of cases, depending on the
surgery.14
Table 1 shows the average incidence of subacute and
chronic pain in different surgeries.

Search strategy
To perform the narrative review, the authors executed a
PubMed database search using the following keywords in
English: ‘‘postoperative pain’’ OR ‘‘postsurgical pain’’ AND
‘‘chronic’’ OR ‘‘persistent’’. The search did not limit the
type of study or intervention. All titles and abstracts were
analyzed, and we included only the most relevant studies
published in Portuguese, English, or Spanish, and the most
recently published articles were prioritized.

Incidence
The incidence of CPOP reported in the literature varies
substantially. One reason is the presence of several factors affecting CPOP incidence, making it hard to obtain
dependable data, even from studies that have more elaborate designs. An additional relevant aspect to be considered
is the wide range of incidence reported per type of surgery,
for example, 20% to 50% for mastectomy, 50% to 85% for
amputation, and 5% to 65% for thoracotomy.11
In 2006, an article revealed that 10% to 50% of patients
undergoing common procedures had CPOP, and 2% to 10%
of patients complained of severe pain. For the authors
of that article, the problem was already critical and not
fully recognized.12 A 2015 study performed in 21 European
hospitals identiﬁed, at the end of a 6-month postsurgical
follow-up, the incidence of mildly severe CPOP in 24% of
patients, and highly severe CPOP in 16% of patients. At the

Factors related to the development of CPOP
The mechanism of CPOP has been subject of much investigation. Great emphasis was placed, initially, on nerve injury as
a determinant cause of CPOP and, consequently, the presence of neuropathic pain. This is especially true for some
types of surgeries, such as mastectomy, thoracotomy, and
amputation.9,12,15 However, not all patients with nerve injury
develop CPOP and, in many who do, there is no evidence
of nerve injury.10,16 Currently, CPOP is recognized as a speciﬁc condition, not only related to isolated nerve injury or
occurrence of isolated inﬂammatory response, but to a combination of both.14,17
It is believed that the primary afferents are largely
responsible for the maintenance of CPOP and that their
repeated and intense activation induces the occurrence of
peripheral sensitization and results in central sensitization.
In addition to this, during the intraoperative period nerve
injury does occur.
In the aftermath of nerve injury, the occurrence of
electrical discharges and early ectopic activities can be
observed. The abnormal electrical activity occurs in injured
primary afferents and in damaged nerve ﬁber of cell bodies of the dorsal ganglion but can even be registered in
cell bodies of undamaged neurons lying adjacent to the
injured nerves. Collateral sprouting of intact nociceptive
afferents can be observed, contiguous to zones innervated
by damaged afferents, in addition to structural changes in
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the central nervous system arising from the continuous perioperative pain stimulus.16,18,19
The occurrence of CPOP may be explained by the continuing neuroplastic changes secondary to the neurotrophic
factors and the interaction between neurons and microglia,
in addition to the effects on inhibitory modulation. Microglia
intracellular signaling undergoes continuous upregulation
and activation, promoting permanent stimulation of neurons
and, consequently, pain perception.20
CPOP is clinically characterized by changes in pain sensitivity, initially related to the surgical wound and, later,
transformed into a complex pain syndrome that increases in
intensity in days, weeks, or months after the procedure.21

Chronicity of acute pain
Tissue injury caused by surgery plays a fundamental role
in the development of CPOP, leading to major changes in
the peripheral and central somatosensory circuitry, as previously described. The underlying biochemical changes and
the subsequent events will be brieﬂy described below.
N-Methyl-D-Aspartate (NMDA) receptors are activated
after sustained and intense release of glutamate in the
spinal cord dorsal horn caused by peripheral afferent inputs,
but also after fast ﬁring from nerves injured during surgery.
The high permeability to calcium of the NMDA receptors activates several metabolic cascades that can lead to synaptic
plasticity and, in more severe cases, cytotoxicity and neuronal apoptosis. Glutamate, NMDA receptors, and calcium
inﬂux play an important role in the chronicity of pain.22
Neuroplasticity involves neuronal and synaptic changes
resulting from modulation (reversible changes in neuronal
excitability) and modiﬁcation (irreversible changes in neuronal structures, receptors, and ion channels), leading to
altered response to pain.20
Central sensitization symptoms include allodynia and
hyperalgesia. They signal a discrepancy between the intensity and perception of the painful stimulus.20 Hyperalgesia
is normally observed during the tissue healing process, however, if it persists beyond natural recovery time, it can be
associated with CPOP development.23,24 In individuals subjected to similar stimuli, the magnitude and duration of
central sensitization and the mechanisms resulting in the
imbalance between inhibitory and excitatory processes vary
greatly during the development of acute pain and CPOP.25
Lately, it has been questioned whether CPOP is a continuation of acute postoperative pain, or whether there is an
interval between both. It is acknowledged that there is a
period of subacute pain during which its management has
been neglected. This pain can last for several weeks, have a
negative psychological impact, contribute to the process of
central sensitization, and is associated with hospital readmission and delayed postoperative recovery.3,25---27

Predictive factors for CPOP development
Risk factors for CPOP development have been extensively
investigated and those that can be modiﬁed are particularly
relevant. They are not independent, but rather, interconnected, enhancing the possibility of CPOP development,
as for example, being a woman, presenting preopera-

tive depression and chronic pain, and undergoing radical
mastectomy.3,22
Some factors have already been extensively reported,
such as: female gender, young adult age group; presence
of severe preoperative pain; preoperative use of opioids
and preoperative psychological symptoms, such as anxiety, catastrophizing, depression, and post-traumatic stress
syndrome.3,28---31 A time-based classiﬁcation of risk factors is widely used: preoperative (women, young adults,
ﬁbromyalgia, preoperative pain for more than 30-days, preoperative opioid use, catastrophizing, anxiety, depression,
post-traumatic stress, alexithymia, genetic predisposition, quantitative tests of positive pain); intraoperative
(surgical technique, extension of trauma, nerve injury,
surgery duration); and postoperative (intensity of postoperative pain, radiotherapy, chemotherapy, psychiatric
comorbidities).3,12,15
More recently, risk factors have been classiﬁed into ﬁve
main categories, depicted in Table 2.22,32,33

CPOP prevention
It is often questioned whether CPOP can be prevented and
how can we perform it. To date, there are no drugs or
procedures that allow us to say with conviction that this
is possible, since there are several factors contributing to
CPOP establishment and development. Anesthesiologists are
requested to identify risk factors, analyze the already available evidence on use of prophylactic drugs, individualize
the therapy, and effectively treat acute and subacute pain.
However, we cannot forget the crucial role of the surgeon
in the prevention of CPOP.3,22
Regional anesthesia techniques can favorably impact the
outcome of the surgical patient, particularly concerning
pain. Anesthesia blockades can prevent central sensitization
by decreasing nociceptive afferent stimuli to the dorsal horn
of the spinal cord. Epidural anesthesia and paravertebral
block were shown to be valuable in reducing the incidence
of CPOP in thoracic and breast surgeries, respectively.34,35
Evidence shows that spinal anesthesia plays a preventive
role for CPOP in patients submitted to C-section. Also, continuous intravenous infusion of lidocaine was shown to be
useful for preventing CPOP after breast cancer surgery.35

Drugs and administration routes used for
preventing CPOP
Numerous drugs have been used and evaluated for preventing CPOP, but none showed very encouraging results.
Amongst all, ketamine was the most studied and, in
indeed, has shown the most promising results. As previously mentioned, IV lidocaine can help prevent CPOP in
selected procedures, opioid-free anesthesia technique has
a potential preventive effect that requires additional investigation; memantine and nefopam need further studies;
and epidural analgesia has shown modest preventive effect
in some studies. Alternatively, the use of gabapentinoids,
glucocorticoids, non-steroidal anti-inﬂammatory drugs,
antidepressants, local anesthetic agents, local inﬁltration,
transversus abdominis plane block, and thoracic paravertebral block, until now, have shown no or inconclusive
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Table 2

Postoperative chronic pain risk factors.

A. Demographic and lifestyle factors
Age (young adults).
Gender (female).
Marital status (single).
Educational level (low).
Socioeconomic level (low).
Secondary morbid gain.
Obesity.
Smoking.
B. Genetic factors
Associated with complex genetic trait with heritability
ranging from 30% to 70%. Genetic mutations such as
sodium and potassium ion channels; purinergic receptors;
COMT (Catechol-Ortho-Methyl Transferase, that
catabolize catecholamines); OPRM1 (precursor of 
protein receptor) and GCH1 (responsible for producing
relevant enzymes).
C. Clinical factors
Surgical factors: technique (laparoscopic vs. open
approach); duration of procedure; anesthesia technique
(general vs. regional); nerve injury.
Analgesia treatment (systemic vs. spinal or regional,
preemptive).
Surgical complications and revisions.
Comorbidities (irritable bowel syndrome, rheumatoid
arthritis, Raynaud syndrome, peripheral neuropathy,
among others).
Pre-existing disabilities.
D. Pre- and postoperative pain
Chronic pain previous to surgery (pre-existing long-term
and high intensity pain) increases CPOP risk.
Severity of acute postoperative pain, particularly during
the ﬁrst 5 postoperative days is a highly predictive factor
for CPOP.
E. Psychological factors
Fear or anxiety
Depression
Catastrophizing
Alexithymia
Post-traumatic stress
Vulnerability
Modiﬁed from Glare P, Aubrey KR and Myles OS, 201922 ; and
Schug AS and Bruce J, 2017.32

evidence of prophylactic effect on CPOP in procedures other
than breast and thoracic surgery.3,34,35

Treatment tailoring
Managing the treatment of each patient according to their
risk factors and type of pain stimulus related to the procedure seems to be the key for CPOP prevention. The
analgesic regimen should be tailored, both to prevent and
to treat postoperative pain, according to the proﬁle of the
anticipated or pre-existing pain, either due to increased
excitation or inefﬁcient inhibition.
Patients with psychological risk factors should receive
pharmacological or psychotherapeutic interventions prior to
the procedure. Patients must be stratiﬁed according to the

inﬂammatory state of the procedure to provide analgesia
during the required time, which may extend beyond the
hospitalization period.
We should be alert to chronic opioid users as they are
likely to develop CPOP. In these cases, it is recommended to
reduce 50% of the opioid dose preoperatively, and/or that
ketamine be used in the perioperative period.3

Progression from acute to chronic pain
While it is unknown whether acute pain presents continuous
progression to chronic pain, the fact that subacute pain can
last for several weeks postoperatively has been well deﬁned;
its treatment has been little valued; and that, depending on
the time and intensity of the pain, subacute pain becomes
a predictive factor for CPOP.25,27
Analogous to what occurs in hernia repair, postoperative
pain severity and incidence may increase in the subacute
period, likely due to neuropathic mechanism.36 Similarly,
neuropathic pain can be observed in 8% of patients undergoing thoracotomy in the immediate postoperative period, and
after a few months, the incidence may increase to 22%.37
Patients submitted to knee arthroplasty and presenting
severe postoperative pain that was not relieved in the ﬁrst
four postoperative weeks were more likely to endure pain
at the end of the third month.38 Another prospective observational study, with a follow-up of 12 months, conducted
in orthopedic surgeries, reported a high number of patients
with pain complaints after hospital discharge and without
effective treatment. The study also emphasized the role
of subacute pain after hospital discharge in the occurrence
of CPOP at the end of the 12-month follow-up and draws
attention to the importance of effective pain treatment and
routine patient reassessments after hospital discharge.39
To adequately monitor the presence of subacute pain
after discharge, innovative transient pain clinics have been
proposed (Figure 1). This allows making the connection
between treatment of acute postoperative pain and treatment of chronic pain, when the former is identiﬁed. At-risk
patients should return to the clinic between 6 and 12 weeks
after discharge to review treatment and be referred to other
services, such as physical therapy, mental health, multidisciplinary chronic pain services, and early intervention
procedures, whenever indicated.22

The role of the surgeon on CPOP
Of all forms of prevention of CPOP, the only one that
is totally effective is avoiding surgery.3 There is a high
incidence of CPOP in some speciﬁc types of surgery, as previously mentioned. In cosmetic surgeries, for example, as
reported in a research on breast surgeries, CPOP occurred
in up to 44% of patients, leading to dissatisfaction and regret
for many of them.40
The surgeon plays an extremely important role and must
provide all information about the occurrence of CPOP to
patients at risk; whenever possible, use minimally invasive
techniques; prioritize the preservation of nerve integrity;
and remember that the surgeon’s experience, overwork,
surgical complications, and surgery revisions affect CPOP
incidence.41
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Figure 1 Transitional pain clinic.
Modiﬁed from Myles GP, 2019.21

Some theories have been proposed to explain failure or
inconsistent results associated with preventive measures for
CPOP. It is well established that a single intervention does
not have a major impact on CPOP prevention since multiple
mechanisms and different levels of nociception are involved
on CPOP development.
Another important aspect to be considered is that all the
processes that generate nociceptive impulses and peripheral
sensitization do not cease at the end of the surgery or in
the ﬁrst days of the postoperative period. Finally, in the
vast majority of studies, patients have undergone surgery
without having their risk factors previously stratiﬁed.40

Diagnosis
CPOP becomes a complex, multidisciplinary pain syndrome, increasing in intensity in days, weeks, and months
after surgery. Neuropathic descriptors such as hyperalgesia,
dysesthesia, and allodynia are common, but they may be
absent in patients submitted to certain surgeries, such as
orthopedic procedures. Changes in mood, sleep, and quality
of life, and the presence of anxiety, depression, catastrophizing, and stress are also frequent.22
As in any patient with pain, the practitioner should
encourage patients to self-report what they understand as
their painful experience. Anamnesis should collect data on
pain, regarding location, time proﬁle, intensity, alleviating
and aggravating factors, and concurrent symptoms. It is also
necessary to inquire patients’ medical history, identify the
presence of past and current diseases, past surgeries, treatments previously used to control pain and the outcome of
these interventions. It is interesting to assess patients’ functional history, such as how symptoms interfere with mobility,
day-to-day activities, interpersonal relationships, sleep, and
mood.42
Complaint-oriented physical examination provides
important data for CPOP diagnosis. Often there is discrepancy between patient complaints and physical examination
ﬁndings, and occasionally redoing tests already performed
is required.42
Concerning pain assessment, the painful area must be
inspected and palpated. A detailed evaluation of dermatomes, motor function, tendon reﬂexes, muscle tone and
strength, gait and balance are performed in sequence, based
on location of the complaint.42
Sensory evaluation is an especially important part of
physical examination for suspected neuropathic pain, which
is often the case in CPOP. As part of the recommended min-

imum neurological examination, touch sensation should be
tested by gently applying a cotton ball to the skin, pain sensation by stimulation with sharps, such as a needle, thermal
sensation using hot or cold objects, and vibration sensation
with a 128 Hz tuning fork. When the pain is unilateral, the
affected area should be compared to the same contralateral area; when the pain is bilateral, the assessment must
compare pain in proximal to distal areas.42

Treatment of CPOP
As any type of chronic pain, the treatment of CPOP is challenging. Evidence is still lacking and controlled randomized
studies are required to establish the beneﬁts of the several
currently proposed treatments.3,16,22 Similarly to non-cancer
pain conditions, treatment based on pathophysiology may be
useful for CPOP.43
Numerous attempts to treat CPOP have been carried
out with drugs and procedures, such as anticonvulsants,
antidepressants, local anesthetics, opioids, capsaicin, NMDA
antagonists, epidural block, neurotoxins, acupuncture,
physical exercises, spinal and magnetic neurostimulation,
revision surgery, laser, mirror therapy, and interventionist techniques. Thus far, however, the beneﬁcial impact
of each technique cannot be safely stated, as previously
discussed.3,20,22

Final considerations
The treatment of pain today is considered a fundamental
human right, and according to the American legal system,
inadequate pain management can constitute medical negligence. Although this claim is based on speciﬁc American
laws, they can, by analogue interpretation or even by analogy in bona partem, be applied to most scenarios. Among
the potential factors of negligence, there is failure by the
physician to assess the patient’s pain, insufﬁcient or inadequate supply of analgesics to the patient, pain treatment
failure, and even the failure to refer the patient to a pain
management specialist.44
There is a close correlation between inadequately
treated acute postoperative pain and CPOP25,27,45 but, likewise, we realize that in this scenario there are barriers
hampering adequate postoperative analgesia. Among these
we can list those related to the physician and the nurse,
those related to the patient, and tolerance to opioids. Apart
from anesthesiologists, other health professionals receive
insufﬁcient training for prescribing opioids, therefore they
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have unsatisfactory understanding of the complex mechanisms of pain, in addition to not being familiar with pain
assessment.45
Patients, in turn, do not appreciate the importance of
multimodal treatment, struggle to accurately describe their
pain and fear using opioids. Chronic opioid users are opioid
tolerant, which represents a sizable hurdle to adequately
provide pain control.45
CPOP is a serious biopsychosocial condition deserving
urgent care, for once CPOP is installed its management is
challenging, signiﬁcantly affecting patient quality of life. All
studies are aimed at prevention, but not much progress has
been made in this area. Excellent techniques and agents are
available for acute postoperative pain treatment and can be
a feasible CPOP prevention tool. More recent recommendations for long-term pain management of surgical patients,
particularly those presenting signs of development of CPOP,
have shown reassuring results. Ongoing investigations are
assessing new treatment regimens for CPOP such as antinerve growth factors, Nav1..7 sodium channel antagonists,
and epigenetics, which delves into modifying the functioning
of genes.3,11,17
Acknowledging the existence of CPOP and its wellestablished risk factors is crucial for the anesthesiologist’s
daily practice. By using this knowledge, we can impact the
outcome of many patients submitted to routine procedures
and who, depending on how they are managed, can evolve
to CPOP, a disease that is poorly understood now.
Nearly 60 million surgeries are performed annually in
North America, Europe, and Brazil. Among these surgical
patients, 5% to 75% may develop CPOP. This is a major challenge requiring greater awareness and commitment from
everyone, including surgeons and anesthesiologists.
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Abstract Both robotic surgery and head-down tilt increase intracranial pressure by impairing
venous blood outﬂow. Prostatectomy is commonly performed in elderly patients, who are more
likely to develop postoperative cognitive disorders. Therefore, increased intracranial pressure
could play an essential role in cognitive decline after surgery. We describe a case of a 69year-old male who underwent a robotic prostatectomy. Noninvasive Brain4careTM intraoperative
monitoring showed normal intracranial compliance during anesthesia induction, but it rapidly
decreased after head-down tilt despite normal vital signs, low lung pressure, and adequate
anesthesia depth. We conclude that there is a need for intraoperative intracranial compliance
monitoring since there are major changes in cerebral compliance during surgery, which could
potentially allow early identiﬁcation and treatment of impaired cerebral complacency.
© 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/bync-nd/4.0/).
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Introduction
Intracranial pressure (ICP) can be accurately measured
by insertion of intraventricular, intraparenchymal, or subarachnoid catheter by neurosurgeons, typically used after
intracranial tumor surgery or severe traumatic brain
injuries. Other noninvasive measurement devices allow
inferences to be made but are not very accurate, such
as optic nerve sheath diameter measurement, tomography,
doppler ultrasound, magnetic resonance imagining, and may
instead be unavailable in the operation room or lead to
imprecise treatment.1
Increased venous pressure in the cavernous sinus is transmitted to the episcleral veins by the superior ophthalmic
vein. It results in an increase in intraocular pressure (IOP),
which can be measured by handheld tonometer as a noninvasive intracranial pressure monitor, but yet operator
dependent and not quite readily available in the operation
room context.2 A prospective study measuring IOP with a
tonometer showed no signiﬁcant relationship with ICP measurement, concluding that noninvasive IOP does not predicts
ICP.3
In this sense, Brain4careTM monitor (Fig. 1A) is innovative, once it delivers accurate monitoring of intracranial
compliance through mathematical analysis of intracranial
pressure pulse morphology, without the need for an invasive catheter. This monitor relies on minor volume variations
of the skull, measured by a strain gauge positioned over
the skin of temporal bone, to analyze intracranial pressure waves and determine whether brain complacency is
preserved or not.4,5
It is known that Trendelenburg positioning and pneumoperitoneum cause reduction in the blood outﬂow from

the skull, therefore leading to cerebral congestion. It may
cause elevations on ICP.6 On the other hand, multiple factors
inﬂuence intracranial pressure during anesthesia, such as
alveolar pressure (which impairs venous return), excessive
use of anesthetics (which diminish cerebral metabolic rate
for oxygen and blood ﬂow), hypotension (which may mask
increased ICP), elevated end-tidal carbon dioxide (which
causes cerebral arterial vasodilatation), hypothermia (which
reduces cerebral metabolism and blood ﬂow), and hypervolemia (which may lead to increases in cerebral blood ﬂow).
Thus, we described the use of Brain4careTM during robotic
prostatectomy surgery and recorded possibly confounding
factors to isolate possible causes for ICP elevation.

Case report
Written informed consent was obtained from the patient.
A 69-year-old male presented at our university hospital
for robotic radical prostatectomy due to a locally invasive
tumor. He was a smoker for 25 years and had mild pulmonary
emphysema previously diagnosed, treated with inhaled formoterol.
The preoperative cognitive assessment revealed a MiniMental State Examination of 26 points (a thirty-point
questionnaire to measure cognitive impairment in which
scores of 24 or more indicates normal cognition) and a Montreal Cognitive Assessment (a thirty-point test for the same
purpose in which scores of 26 or over are considered normal)
of 25 points. He had no other comorbidities or had any surgical treatment, and was classiﬁed as the American Society
of Anesthesiologists (ASA) physical status II.
The patient was admitted to the operating room,
identiﬁed, and monitored by the anesthesiologist with non-

Figure 1 Brian4careTM monitor in place (A); Brain4careTM data showing ICP waveform inversion on P2/P1 ratio as soon as the ﬁnal
position was guaranteed (B); Intraoperative intracranial pressure measurement results by Brain4careTM software analysis, showing
either preserved brain compliance P1 > P2 or non-preserved brain compliance P2 > P1 (C).
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Table 1

Intraoperative monitoring results.

Admitted to OR
Subarachnoid anesthesia
General anesthesia induction
Head-down tilt
Pneumoperitoneum
1h intraoperative
2h intraoperative
3h intraoperative
Return to supine
Extubation

BIS Supression rate NI-ICP ONSD MAP PEEP Peak pressure EtCO2 Intraabdominal
pressure

Head-down
tilt degree

98
42
39
41
45
43
48
44
49
96

0
0
0
30
30
30
30
30
0
0

0
55
20
0
0
0
0
0
0
0

p1 > p2
p1 > p2
p2 > p1
p2 > p1
p2 > p1
p2 > p1
p1 > p2
p2 > p1
p2 > p1
p2 > p1

3,2
3,93
4,64
4,9
4,0
4,4
4,16
4,2
5,87
2,89

98
60
80
75
80
85
82
78
80
82

0
6
6
6
6
6
6
6
6
6

0
22
27
24
24
23
24
24
21
18

0
37
38
36
37
38
40
45
48
42

0
10
8
15
14
12
12
11
0
0

OR, operating room; BIS, bispectral index; NI-ICP, noninvasive intracranial pressure; ONSD, optic nerve sheath diameter (milimeters),
MAP, mean arterial pressure (mmHg) PEEP, positive end-expiratory pressure(mmHg); EtCO2 End-tidal CO2.(mmHg)

invasive arterial pressure, heart rate, pulse oximeter, skin
temperature, Brain4careTM monitor, and Bispectral Index
(Medtronic software version 3.50). Subarachnoid anesthesia single puncture was performed under aseptic technique
with low-dose bupivacaine and opioids. The patient was
induced to general anesthesia and maintained with a
target-controlled infusion of propofol and small boluses of
sufentanil. After that, the patient was positioned on a 30degree Trendelenburg lithotomy, and pneumoperitoneum
was readily performed. Overall, 500 mL of ringer lactate
were infused, and the temperature was kept between 36
and 36,5 ◦ C with the use of a forced-air heating device.
Positive end-expiratory pressure varied from 5 to 6 mmHg,
and pulmonary inspiratory peak pressure did not exceed
28 mmHg. The surgeon set intra-abdominal pressure at
12 mmHg (9---15 mmHg), and Bispectral Index values were
registered between 39 and 49 (Table 1). Optic Nerve Sheath
Diameter (ONSD), measured by ocular ultrasound, increased
from 2,9 to 4,9 mm from the beginning to the end of surgery.
ICP waveform had inversion on P2/P1 ratio as soon as the
ﬁnal position was guaranteed (Fig. 1B and 1C).
At the end of the procedure, which took 3 hours, the
patient was awakened and extubated, arriving fully awake
at the PACU. As it was an observational case report, no
interventions to routine management of these patients were
made. No adverse events were reported as well. The patient
did not report any discomfort with the monitoring devices.
The patient was followed up during hospitalization, which
lasted 2 days, and postoperative cognitive tests were performed on the ﬁrst day after surgery with Mini-Mental State
Examination of 24 points and Montreal Cognitive Assessment
of 24 points. No adverse effects were observed postoperatively, nor the patient had any surgical complications.

tinuous information about the ICP waveform immediately
processed in the software and delivered back to the user.
Therefore, this technique can provide a relatively accurate analysis of intracranial complacency by analyzing the
ICP curves. The ICP waveform typically comprises three
peaks: P1, related to systolic blood pressure transferred
by the choroid plexus to the cerebrospinal ﬂuid; P2, which
reﬂects the systolic wave parenchymal tissue; and P3, which
is related to the closure of the aortic valve. The analysis of
the relative amplitude of peaks of P1 and P2 directly relates
to intracranial compliance, once P2 peaks greater than P1
suggests impaired intracranial compliance.
In this case, by analyzing the ICP curve, it was clear
that as soon as the patient was positioned and pneumoperitoneum was made, it impaired intracranial complacency,
and it was not seen on ONSD ultrasound measurements.
Although ONSD measures are highly operator-dependent, it
is quite simple to be made and requires little training. ONSD
showed a minor increase at the end of the surgery but was
still under normal range values. In addition, this patient had
mild pulmonary emphysema previously diagnosed, which did
not translate into higher pulmonary pressure, but could hinder generalization.
Studies with more participants need to be carried out to
ascertain the real importance of this transient increase in
ICP in clinical outcomes. However, the use of these devices
is probably of extreme beneﬁt to the anesthesiologist. It
does not provide any damage to the patient, is easy to use
and handle, has real-time analysis software, and is much
more accurate than the other alternatives at the bedside.
Further research should include the use of cerebral oximetry
to evaluate the effect of these interventions on the balance
between the supply of oxygen to the brain and its consumption by analyzing cerebral tissue perfusion.

Discussion
Brain4careTM noninvasive intracranial pressure monitor consists of a strain gauge mechanical extensometer ﬁxed on an
automatic device that touches the scalp and detects small
skull deformations resulting from changes in ICP. Although
this method is currently limited once it does not yet yield
pressure values in mercury millimeters, it can deliver con-

Conclusion
We conclude that there is a need for intraoperative intracranial pressure monitoring since there are major changes in
cerebral compliance during surgery. And it also explores the
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potential of this new technology for noninvasive intraoperative intracranial compliance monitoring.
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Abstract Allopurinol is a potent inhibitor of the enzyme xanthine oxidase used in the treatment of hyperuricemia and gout. The aim of this pilot study was to investigate the effects
of allopurinol on pain and anxiety in women displaying ﬁbromyalgia refractory to conventional
therapy. This prospective case series enrolled 12 women with previous diagnosis of ﬁbromyalgia
refractory to conventional therapy. Patients received an add-on therapy with oral allopurinol
300 mg twice daily for 30 days. Patients were submitted to evaluation for pain and anxiety
scores before treatment, 15 and 30 days thereafter. This pilot study has demonstrated that oral
administration of allopurinol 300 mg twice daily caused a signiﬁcant reduction on pain scores up
to 30 days of treatment in women with ﬁbromyalgia. No effect was observed regarding anxiety
scores. Randomized clinical trials are warranted and should further investigate allopurinol and
more selective purine derivatives in the management of acute or chronic pain conditions.
© 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/bync-nd/4.0/).

Introduction

∗

Corresponding author.
E-mail: aschmidt@ufrgs.br (A.P. Schmidt).

Fibromyalgia is a chronic syndrome characterized by
widespread pain and tenderness, accompanied by disturbed
sleep, chronic fatigue, cognitive dysfunction, depressive
symptoms, and multiple additional functional disturbances.

https://doi.org/10.1016/j.bjane.2020.12.016
© 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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Table 1

Comparison among main outcomes between time-points --- pain scores.

Variables
VPS, n (%)
None
Mild
Moderate
Severe
NPS (mean ± SD)
VAS (mean ± SD)
VAS categories, n (%)
None---mild
Moderate---severe
McGill (mean ± SD)

Treatment time-points

pa

Baseline

15 days

30 days

0 (0%)
0 (0%)
2 (17%)
10 (83%)
7.7 (1.4)
7.5 (1.5)

2 (17%)
3 (25%)
3 (25%)
4 (33%)
5.0 (2.8)b
4.6 (2.8)b

3 (25%)
4 (33%)
3 (25%)
2 (17%)
5.2 (2.8)b
4.7 (2.9)b

0 (0%)
12 (100%)
41.5 (14)

6 (50%)
6 (50%)
34.3 (17)

6 (50%)
6 (50%)
34.6 (19)

0.039

0.016
0.010
0.011
0.508

VPS, Verbal Pain Scale; NPS, Numerical Pain Scale; VAS, Visual Analogue Pain Scale; McGill, McGill modiﬁed pain questionnaire.
Data are shown as absolute values (percentiles) or as mean scores (standard deviation --- SD). One-way ANOVA followed by Bonferroni’s
multiple comparison test for numerical data and Pearson’s X2 test for categorical data.
a p < 0.05 was considered signiﬁcant.
b p < 0.01 as compared with baseline scores (n = 12 patients).

Fibromyalgia usually requires a multimodal therapeutic
approach to optimize treatment efﬁcacy, and its management is still challenging since many patients fail to achieve
sufﬁcient relief from conventional treatments.1
It is well known that purines exert multiple effects on
pain transmission. Adenosine and its analogs are involved
in multiple biological effects, including modulation of pain
transmission at peripheral and central sites.2 The purine
derivative allopurinol is a potent inhibitor of the enzyme
xanthine oxidase used primarily in the treatment of hyperuricemia and gout. Notably, previous studies have shown
that allopurinol produces dose-dependent antinociceptive
effects against several chemical and thermal pain models
in rodents.3 We hypothesized that the inhibition of xanthine
oxidase by allopurinol, thereby reducing purine degradation,
could be a valid strategy to enhance purinergic activity and
treat pain in humans. The aim of this pilot study was to
investigate an add-on therapy with oral allopurinol on pain
and anxiety in women displaying ﬁbromyalgia refractory to
conventional therapy.

Material and methods
A prospective case series was performed in a tertiary care
hospital in South Brazil. The protocol was designed to be a
pilot study for a larger clinical trial and was approved by the
Institution’s Research and Ethics Committee (HCPA/UFRGS --CAAE #229000100007; Brazilian Registry of Clinical Trials --ReBEC #RBR-8h7dmq). A total of 12 female patients were
enrolled into the study, with American Society of Anesthesiologists (ASA) physical status I---II, and ages ranging from 18
to 65 years old, being excluded the illiterate or who does
not understand Portuguese language, those who refused to
participate of the study or who had already participated
in other studies. Participants received a written and oral
explanation of the study and signed an informed consent
form. Patients were allocated to receive oral allopurinol
300 mg twice daily for 30 days following initial evaluation.

No other medication was added during the follow-up. All
patients were maintained on their current medications protocol and no additional changes in the dosage regimen were
allowed during follow-up, except for the use of rescue analgesics. Patients were evaluated for primary and secondary
outcomes at baseline, 15 and 30 days after enrollment. The
description of the present study was based on CARE guidelines.
Patients were asked to report any pain in four selfassessment instruments --- a Verbal Scale (VPS), a Visual
Analogue Scale (VAS), a Numerical Scale (NPS), and
the McGill modiﬁed questionnaire, described in detail
elsewhere.4 In the ﬁrst one, the reported pain was graded
from 1 to 4, according to intensity: (1) none, (2) mild, (3)
moderate, or (4) severe. VAS is widely used as a measure of
self-reported pain assessment. The scale consists of a 100mm line that pictorially represents a continuum between
two extremes: no pain (score of 0) and extreme pain (score
of 100). In order to stratify the data of VAS, cutoff points
were established considering previous literature,4 with moderate to severe pain corresponding to scores above 30 mm.4
For NPS, patients were asked to report their pain in numbers
ranging from zero (no pain) to 10 (extreme pain). Finally, The
McGill questionnaire was used to measure the multidimensional pain experience (sensory, affective, and evaluative
dimensions).4
The measurement of anxiety levels was performed
through the State-Trait Anxiety Inventory for Adults (STAI).4
The questionnaire contains two separate 20-item, selfreport rating scales for measuring trait- and state-anxiety.
Total scores for situational and baseline questions separately
range from 20 to 60 or 80, with higher scores denoting higher
levels of anxiety. Mean of anxiety scores at baseline was used
to determine the cutoff point, so that individuals with scores
above the average were classiﬁed as the high anxiety group
and those with scores equal to or below the average as the
low anxiety group.4
Data were stored in Excel software and analyzed by STATA
12.0. Numerical variables were given as mean ± Standard
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Table 2

Comparison among main outcomes between time-points --- anxiety scores.

Variables
STAI trait anxiety, n (%)
Low levels
High levels
Mean scores (mean ± SD)
STAI state anxiety, n (%)
Low levels
High levels
Mean scores (mean ± SD)

Treatment time-points

pa

Baseline

15 days

30 days

5 (42%)
7 (58%)
55.7 (11)

5 (42%)
7 (58%)
53.8 (10)

4 (33%)
8 (67%)
55.1 (9)

0.89

6 (50%)
6 (50%)
52.8 (13)

5 (42%)
7 (58%)
52.7 (12)

8 (67%)
4 (33%)
50.3 (12)

0.46

0.82

0.90

STAIC, State-Trait Anxiety Inventory.
Data are shown as absolute values (percentiles) or as mean (standard deviation --- SD). One-way ANOVA followed by Bonferroni’s multiple
comparison test for numerical data and Pearson’s X2 test for categorical data.
a p < 0.05 was considered signiﬁcant, (n = 12 patients).

Deviation (SD). Data were submitted to Shapiro-Wilk test
for normality evaluation. Statistical analysis between time
points was performed using one-way ANOVA followed by Bonferroni’s multiple comparison test for numerical data and
Pearson’s X2 test for categorical data; p < 0.05 was considered for statistically signiﬁcant differences.

Results
As depicted in Table 1, allopurinol caused a signiﬁcant
reduction in pain scores measured by verbal, numerical and
visual analogue pain scales both 15 and 30 days after treatment (p < 0.05). No signiﬁcant effects were observed on pain
scores measured by the McGill questionnaire (Table 1). As
shown in Table 2, we did not detect any signiﬁcant difference in both trait and state anxiety scores after 15 and 30
days of treatment (p > 0.05). Notably, no signiﬁcant adverse
events were observed following a 30-day trial of allopurinol
in the present population and there were no dropouts.

Discussion
The rationale to administer allopurinol for pain and anxiety is derived from evidence in basic and clinical research
on the purinergic system. Adenine-based purines have been
considered important targets for the development of new
drugs for pain management and the treatment of several
neuropsychological disorders.2,3 Endogenous adenosine can
be released in the central nervous system and peripheral
tissues, and the regulation of its levels by various pharmacological agents can alter pain processing through activation
of adenosine A1 receptors on neurons, and perhaps other
receptors on adjacent structures.2 We also have demonstrated that some guanine-based purines, especially the
nucleoside guanosine, produced consistent antinociceptive
and anxiolytic effects in several animal models.5 Although
adenine- or guanine-based purines have been related to
some antinociceptive effects in both animals and humans,5
it is relatively early to propose the use of most purine derivatives for clinical research and practice.
The main contribution of the present case series is to propose an alternative approach to investigate the clinical role

of purines, focusing on the investigation of purine derivatives previously used in humans such as the xanthine-oxidase
inhibitor allopurinol. Therefore, allopurinol, by inhibiting
xanthine oxidase and production of uric acid, may cause
accumulation of other purines in the central nervous system and in the periphery (for instance, adenosine and
other nucleosides and nucleotides), which may account
for potential analgesic and other neuromodulatory properties. The primary effect of allopurinol is inhibition of uric
acid production, and the overall result is the inhibition of
the metabolism of xanthine and hypoxanthine, leading to
greater salvage of these purines by their conversion to inosine, adenosine, and guanosine. These ﬁndings, both in the
central nervous system and periphery, have been extensively
demonstrated after systemic administration of allopurinol in
several studies in animals and humans.3,5
There are major limitations in the present study. First,
this is a pilot study for a larger clinical trial and only
few cases were investigated. Notably, there was no control group and patients were solely evaluated as compared
to their baseline. Therefore, a placebo effect could have
played a major role in the present ﬁndings and a randomized
clinical trial is pivotal to further evaluate an intrinsic analgesic effect of allopurinol in humans displaying chronic pain
syndromes. We are currently carrying out a single-center,
randomized, double-blinded, placebo-controlled clinical
trial investigating allopurinol as an adjuvant therapy in
women with refractory ﬁbromyalgia pain.
In summary, this study has demonstrated that oral administration of the xanthine oxidase inhibitor allopurinol 300 mg
twice daily caused a signiﬁcant reduction on pain scores
after 15 and 30 days of treatment in women with ﬁbromyalgia. No beneﬁt was observed against both trait and state
anxiety scores. Considering that previous studies have shown
some beneﬁcial effects of some purines against pain in animals and humans, new clinical trials are still warranted to
determine if allopurinol is effective in reducing pain in other
clinical settings. These studies should include larger samples and longer follow-up to better determine the impact
of allopurinol and perhaps more selective xanthine-oxidase
inhibitors on pain scores in humans displaying acute or
chronic pain.
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Abstract Chronic heel pain is a challenging diagnosis and although it is a common and disabling
condition frequently mistreated. Baxter Nerve (BN) entrapment is responsible for 20% of heel
pain and can be managed by an ultrasound guide nerve block, a simple, safe, and durable
technique. A 67-year-old woman complained of paraesthesia on the left heel and a ‘‘stepping
on glass’’ feeling. Various techniques were performed to manage her symptoms without any
results. An ultrasound BN block was ﬁnally performed with an instant relief and satisfactory
pain control for the follow-up period of six months. This clinical report highlights the success
of the ultrasound BN block as an effective and lasting solution for chronic heel pain.
© 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/).

Background and objectives
Chronic heel pain is a common problem with an estimated
incidence of 10---15%.1 Despite being a cause of moderate
disability, because it is often associated with other osteoarticular symptoms it is frequently neglected.

夽 Study conducted at the Chronic Pain Unit in Hospital Pedro Hispano, Matosinhos, Portugal.
∗ Corresponding author.
E-mail: inescoles@gmail.com (I. Rio Coles).

The differential diagnosis of plantar heel pain is broad
and particularly challenging since the clinical presentation
may be multifaceted and similar for different clinical aetiologies, leading frequently to misdiagnosis and therefore to
erroneous treatment attempts.
The First Branch of the Lateral Plantar Nerve (FBLPN),
also known as inferior calcaneal nerve or, more commonly,
as the Baxter Nerve (BN), is a small (aprox. 2 mm) mixed
motor and sensory nerve. It provides sensory innervation to
the calcaneal periosteum and long plantar ligament. Its ﬁrst
ultrasound visualization was described by Presley and colleagues in 2013,2 and since then it role as a therapeutic
target has been recognized.

https://doi.org/10.1016/j.bjane.2020.11.007
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND
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Baxter’s entrapment is thought to be responsible for up
to 20% of heel pain symptomatology. Entrapment of nervous
tissue within the foot has multiple etiologies, and it can be
secondary to space-occupying lesions, tenosynovitis, accessory or hypertrophic musculature, bony spurs, trauma, and
even systemic diseases such as diabetes.
With this case report the authors aim to empathise the
entrapment of the Baxter nerve as a possible and treatable
cause of plantar heel chronic pain and highlight the role of
ultrasound guide block as a diagnostic tool and an effective
and durable treatment.

Case report
A 67-year-old woman with a personal history of depressive
syndrome and degenerative osteoarticular pathology. The
patient was followed up by the Chronic Pain Unit (CPU) since
2013 due to low back pain with left leg irradiation. She
also presented paresthesia and a warm thermic sensation in
her left heel. A magnetic resonance imaging was performed
and a L3---L4 spinal canal stenosis was conﬁrmed. Patient
was chronically medicated with tramadol Extended-Release
(ER) 150 mg once a day (qd), pregabalin 50 mg 2-times
a day, amitriptyline 10 mg/qd, trazodone 150 mg/qd and
dipotassium chlorazepate 10 mg/qd, tramadol + paracetamol, cyclobenzaprine and NSAID in SOS.
Over the years, the patient experienced periods of significant exacerbation of the algic and paresthesia complaints.
Due to incomplete clinical control, a left cluneal nerve inﬁltration was performed without relive of the symptoms. Then
a lumbar epidural block with ropivacaine and clonidine was
performed with a brief clinical improvement, and it was
repeated four months later with the same result. Over the
last year, the patient’s main complaint was low back pain
with irradiation to the left leg and to the plantar region of
the left foot. Patient also referred paresthesia on the left
heel and a ‘‘stepping on glass’’ feeling. Pulsed Radiofrequency (PRF) of S1 root was tried with a relief of low back
pain but without difference on the foot symptoms. Usual
medication was adjusted to tramadol ER 150 mg/qd, pregabalin 50 mg bid and tramadol + paracetamol SOS. A second
PRF was performed without further improvements. By this
time, the patient focused her attention on a sharp heel pain,
describing an 8 in Numeric pain Rating Scale (NRS), with
numbness and weakness of the heel, so an ultrasound (US)
Baxter nerve block was proposed, and a written informed
consent was obtained from the patient.
She was placed in a lateral decubitus position with the
medial side of the foot facing up. A 12-MHz linear transducer
was placed in a transverse anatomical position, posterior to
the internal malleolus, allowing identiﬁcation in the short
axis of the Tibial Nerve (TN) (Figure 1). A caudal scan was
performed to identify the division of the TN into Medial Plantar Nerve (MPN) (anteriorly) and the Lateral Plantar Nerve
(LPN) (posteriorly) (Figure 2). After centering the image on
the LPN we moved the probe caudally until we identiﬁed
the FBLPN or BN (Figure 3). We then slid caudally to conﬁrm
the entry of BN into the fascia between the Abductor Hallucis (AbH) (more superﬁcial) and the Quadratus Plantae (QP)
(deeper). An in-plane posterior-to-anterior approach with a
27G 38-mm needle was performed and a mixture of lidocaine

2% (1.5 mL) with ropivacaine 0.2% (1.5 mL) was injected. The
dispersion of local aaesthetic was conﬁrmed, and the patient
referred an almost instant relieve. No complications were
reported. On the follow-up consultation, after six months,
the patient remained with satisfactory pain control, classifying the pain with a 2 or 3 in NRS, without need for analgesic
rescue medication.

Discussion
Heel pain is a common complaint in CPU but due to its
broad spectrum of etiologies it can be often misdiagnosed.
An accurate diagnostic approach relies on a comprehensive
clinical anamnesis, an exhaustive physical examination and
diagnostic imaging exams. Physicians should be aware of
typical presentations of neural involvement which includes
burning, sharp, and shooting pain that can be accompanied
by weakness and sensory changes. The widespread use of
ultrasound in anesthesiology, including in CPU, allows a more
accurate diagnosis and a rapid and effective treatment.
Presley et al. and Brown’s et al.2,3 detailed the
topographical description and ultrasound mapping of the
tibial nerve branches and their osteoﬁbrous tubes. These
researches were essential to the understanding of neural
distribution and contributed to a more accurate diagnosis
of plantar heel chronic pain etiology. Rodrigues et al.4 presented an overview of ﬁrst branch of the lateral plantar
neuropathy causes and its correlation with magnetic resonance imaging ﬁndings. These researches suggest the key
role of Baxter nerve entrapment as a cause of chronic heel
pain.
Although several studies have previously demonstrated
the efﬁcacy of solving the nerve entrapment with hydrodissection and local anesthetic inﬁltration in cadavers,5 to our
knowledge, this clinical report is the ﬁrst to highlight the
clinical success of the US BN block in the effective and lasting resolution of chronic heel pain in humans. Small amounts
of local anesthetic are needed to clinically resolve nerve
entrapment by hydrodissection, as previously described by
Beard and Gousse6 and now conﬁrmed in vivo by our work.
This is a possible explanation for how just 3 mL of local anesthetic lead to clinical improvement and to long term results.
Despite previous descriptions suggesting that US BN can aid
in accurate diagnosing and treatment plans, our work also
demonstrates the safety of this technique and its association
with patient satisfaction and long-term results.
In this case we use an in-plane technique described by
Presley et al. There are two advantages of this approach:
ﬁrst we can scan caudally the tibial nerve until the FBLPN
and secondly, we can clearly see the fascial plane under
the AbH to direct the needle over the muscle until needle tip is beyond the AbH. Successful BN block produces an
almost instant pain relief which provides diagnostic information and treatment. This minimally invasive technique
ultimately avoids more invasively and unnecessary procedures like neuraxial approaches, surgical decompression, or
years of ineffective conservative treatments.
This promising technique seems to be an effective and
safe treatment for chronic heel pain. However, further studies will be needed to prove the duration of symptoms relief,
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Figure 1 (a) We showed how to place the transducer in a transverse anatomical position, posterior to the internal malleolus. (b)
In this scan, it is possible identify the short axis of the tibial nerve (TN arrow) posterior to the vascular bundle (VB arrow).

Figure 2 (a) Then, we perform a caudal scan, as showed in this image. (b) In this position it is possible to identify the division
of the tibial nerve into Medial Plantar Nerve (MPN) (anteriorly) and the Lateral Plantar Nerve (LPN) (posteriorly). Note that at this
point, the Medial Calcaneal Nerve (MCN) is also visible, placed posteriorly to the LPN.

Figure 3 (a) Note that in this image the transducer is further caudally. (b) After centring the image on the LPN, we move the
probe caudally until we identify the First Branch Lateral Plantar Nerve or Baxter Nerve (BN). Then slide caudally to conﬁrm the
entry of Baxter Nerve into the fascia between the abductor hallucis (more superﬁcial) and the quadratus plantae (QP) (deeper), at
this point the nerve is very small and will be loss in fascial plane.

the applicability to other clinical situations, and the existence of possible long-term side effects.
3.
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been proposed as rescue treatments in some cases with
limited effect.2
Sphenopalatine Ganglion Block (SGB) was ﬁrst described
in 1908 for non-trigeminal facial neuralgia. The sphenopalatine ganglion is an extracranial parasympathetic ganglion
located in the pterygopalatine fossa, which lies posterior
to the middle nasal turbinate and maxillary sinus, and has
multiple autonomic and somatic neural connections to the
head, neck and shoulder. Nowadays, SGB is used to treat a
variety of conditions, including migraine headache, cluster
headache, postdural puncture headache, and second division trigeminal neuralgia, and has a possible role in reducing
opioid consumption after sinus surgery.3,4
Several techniques have been developed to perform SGB.
Recently, the intranasal approach has been used in several
studies. It is a simple, bedside technique that can be easily performed with a cotton-tip applicator or catheter and
local anesthetic. In this technique, the patient is placed in
the supine position with the cervical spine extended. The
depth of cotton-tipped applicator advancement is estimated
by the measurement of the distance from the opening of the
nares to the mandibular notch directly below the zygoma.
The cotton-tipped applicator is soaked in local anesthetic
and advanced into the nares parallel to the zygoma with
the tip angled laterally until it lays on the nasopharyngeal
mucosa posterior to the middle nasal turbine. The applicator may be left in position from 5 to 30 minutes for the local
anesthetic to reach the pterygopalatine fossa by diffusion
across the nasal mucosa.3---5
Given the extensive use of SGB for several primary
headaches, it could be a useful technique to treat COVID-19
non-speciﬁc headache. This case series presents six COVID19 patients in which intranasal bedside SGB was performed
with a cotton tip applicator and 2% viscous lidocaine to treat
refractory headache.

Case series
Patient 1 is a 28-year-old female with no previous comorbidities. Admitted with COVID-19 respiratory symptoms,
holocranial pulsatile headache, and anosmia, with no other
neurologic symptoms. The headache was refractory to
amitriptyline 25 mg.day-1 , metimazole 6 g.day-1 , parecoxib
80 mg.day-1 and sumatriptan 25 mg tablets. After SGB, there
was immediate headache resolution with no recurrence in
the next two days.
Patient 2 is a 45-year-old female, with a history of
hypertrophic cardiomyopathy and depression, previously
using atenolol 75 mg.day-1 and desvenlafaxine 50 mg.day-1 .
Admitted a few weeks after the resolution of COVID-19
respiratory symptoms with a sole complaint of holocranial pulsatile headache, normal CT scan, and no other
neurological symptoms. The headache was refractory to
desvenlafaxine 50 mg.day-1 , acetaminophen 3 g.day-1 , ketoprofen 200 mg.day-1 , and sumatriptan 50 mg tablets. SGB
was performed with a signiﬁcant reduction in the pain score
from severe to mild pain, which was resolved in the next two
days with the same analgesic regimen, and did not relapse.
Patient 3 is a 46-year-old female with no previous
comorbidities. Admitted with COVID-19, presenting mild respiratory symptoms, asthenia, nausea, vomiting, anosmia,

and a holocranial pulsatile headache, with no other neurological symptoms. The pain was refractory to metimazole
4 g.day-1 , codeine 40 mg.day-1 , amitriptyline 25 mg.day-1 ,
and acetaminophen 2.25 g.day-1 . SGB was performed with a
signiﬁcant reduction in the pain score from severe to mild
pain, which was resolved in the next two days with the same
analgesic regimen and did not relapse.
Patient 4 is a 36-year-old female with no previous comorbidities. Admitted with dyspnea, nausea, coughing, dorsal
pain, and holocranial pulsatile headache with no other neurological symptoms. Pain was refractory to amitriptyline
25 mg.day-1 , baclofen 10 mg.day-1 , tramadol 400 mg.day-1 ,
and metimazole 8 g.day-1 . After SGB, the patient reported
a 50% improvement in pain symptoms. SGB was performed
again with the same technique, after which the patient
reported complete headache resolution, with no recurrence
in the next two days.
Patient 5 is a 36-year-old female, with a previous history of migraine, treated with prophylactic amitriptyline
25 mg.day-1 . After a COVID-19 diagnosis, the patient was
admitted with mild respiratory symptoms, anosmia, and
headache. The headache was described as pulsatile and
similar to the previous migraine episodes; however, the
usual episodes were unilateral, and the current episode
was holocranial. Headache was refractory to amitriptyline 25 mg.day-1 , dexamethasone 8 mg.day-1 , metimazole
8 g.day-1 and pregabalin 75 mg.day-1 . After SGB, the patient
reported complete headache resolution, with no recurrence
until discharge.
Patient 6 was a 41-year-old female, with a previous history of obesity and deep venous thrombosis in the right
popliteal vein. Admitted with COVID-19 and experiencing dyspnea and headache. Respiratory symptoms resolved
rapidly while the headache was refractory to amitriptyline
25 mg.day-1 , pregabalin 225 mg.day-1 , metimazole 8 g.day-1 ,
acetaminophen 2.25 g.day-1 , and parecoxib 80 mg.day-1 . In
the clinical examination, the patient had signs of occipital neuralgia as well as non-speciﬁc holocranial pulsatile
headache. SGB and bilateral occipital greater and lesser
occipital nerve block were performed successfully. There
was an immediate resolution of the headache with no recurrence in the next three days (Table 1).

Discussion
This study presents a case series of six patients with refractory COVID-19-related headaches successfully treated with
intranasal bedside SGB. In one patient, SGB was repeated
after a 50% reduction in pain, followed by 100% pain reduction after the second bock. In another patient, bilateral
greater and lesser occipital nerve blocks were performed
due to an associated occipital neuralgia. All patients had
a reduction in headache intensity from severe pain to mild
or no pain after the procedure, with no recurrence in the
following days until discharge. Only one patient had a previous history of chronic headache, however this patient
reported holocranial symptoms instead of the usual unilateral headache. No patients had other neurological symptoms
that could point to a differential diagnosis or viral encephalitis. The only other neurological symptom experienced in this
case series was anosmia in some patients.
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Table 1

Summary of clinical information.
Initial
headache
severity

Headache pattern

Response to
Triptans

Number of
blockades
necessary for
pain control

Headache
severity after
blockades

Pain recurrence
after blockades

Patient 1

Severe

No response

1 (SGB)

No pain

No

Patient 2

Severe

No response

1 (SGB)

Mild pain

No

Patient 3

Severe

1 (SGB)

Mild pain

No

Patient 4

Severe

2 (SGB)

No pain

No

Patient 5

Severe

1 (SGB)

No pain

No

Patient 6

Severe

Holocranial
pulsatile
Holocranial
pulsatile
Holocranial
pulsatile
Holocranial
pulsatile
Holocranial
pulsatile
Occipital + Holocranial
pulsatile

1 (SGB) + bilateral occipital
greater and
lesser occipital
nerve block

No pain

No

There was signiﬁcant variability in the initial headache
treatments between the six presented cases. This variation could be explained by the fact that different patients
were treated by non-specialist physicians from different
medical teams before pain staff consultation, resulting in
different prescriptions. There is also limited evidence as to
which treatment could be effective for COVID-19 headache,
with few published case reports on the subject and a
lack of consensus.2 Patients from this case series experienced pain despite a variety of treatments combining
sumatriptan, metimazole, acetaminophen, amitriptyline,
anticonvulsants, opioids, and baclofen. SGB was indicated
only to patients experiencing a headache refractory to treatment, considered by the neurology staff as a lack of response
to at least three analgesics with different mechanisms of
action.
Minor complications of the intranasal SGB include epistaxis, lacrimation of the ipsilateral eye, anosmia, transient
anesthesia, or hypoesthesia of the nose root, pharynx,
and palate. Major complications include infection or
hematoma.3---5 In this case series, no patient had epistaxis,
hematoma, lacrimation, or signs of infection; however, anosmia and hypoesthesia of the nose root, pharynx, and palate
were present in all six cases. These effects were transient
and reversed in a few hours. Patients who had hyposmia or
anosmia as COVID-19 symptoms did not recover from these
symptoms after SGB.
This study suggests that SGB can be an effective analgesic technique to treat refractory headache in COVID-19
patients. There is evidence that this procedure reduces
autonomic stimuli to the head, neck, and shoulder, which
can explain its effects on pain with an autonomic-mediated
component. Other evidence suggests that SGB promotes
mild intracranial vasoconstriction, which has an analgesic
effect in vascular headaches. There is also limited evidence
that SGB could reduce the local release of vasoactive sub-

stances in the pterygopalatine fossa, including calcitonin
gene-related peptide (CGRP), indicating a mechanism of
action similar to CGRP monoclonal antibodies, which have
been used to treat migraines.4,5 However there is still limited evidence on the reduction of vasoactive substances in
response to SGB and more evidence is necessary to support
this mechanism of action.
This study has several limitations, including the observational retrospective design, non-standardized of analgesic
protocols, and small sample size. However, it is the
ﬁrst report of SGB efﬁcacy for treating COVID-19-related
headache. Additional studies, especially with a more robust
design, could further contribute to the evidence on this
theme.
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LETTER TO THE EDITOR
Priming Insertion of the
Laryngeal Mask at Induction:
why should we dare to think
about it?
Dear Editor,
The laryngeal mask (LM) has contributed signiﬁcantly to
the modern anesthetic practice. Multiple advantages are
associated to the use of LM, nonetheless could the anesthesiologists, with simple, but not yet described maneuvers
ameliorate the anesthetic practice related to LM insertion? The LM limits infraglottic manipulation, reduces the
need of muscle relaxants and opioids, minimizes vasopressor response and the risk of laryngospasm/bronchospasm or
infraglottic trauma comparing to endotracheal intubation1 ;
nevertheless, on the other hand, the LM may contribute to
supraglottic edema namely by pushing the tongue towards
the larynx during insertion, which may lead to complications
related to airway management.
The issues related to the LM use may be related to
the conﬂict with tongue position during its insertion, which
brings the need of digital manipulation of the device inside
the mouth; additionally, an eventual resulting forceful LM
insertion may lead to epiglottis, glottis, oral cavity, and
pharynx trauma.2
The goal of this publication is to propose a simple
straightforward maneuver to minimize those complications
and improve success/smoothness of the LM insertion. The
Priming Insertion of the Laryngeal Mask at Induction or the
Laryngeal Mask Priming (LMP) technique can be described as
follows: using a careful pre-oxygenation, after the administration of opioids (for instance), during the administration
of the induction agent, the patient is asked to open slightly
his mouth and the LM is inserted in the anterior third of oral
cavity to allow that the most anterior portion of the tongue
get positioned below the device. Usually, the LM will stand
in the patient’s mouth no longer that 10 seconds until the
loss of consciousness, gag reﬂexes or the protective airway
reﬂexes; thereafter the LM is advanced to its ﬁnal position,
sliding it posteriorly along the palate towards the larynx
without digital manipulation.
Cuffed (semi-inﬂated) or gel LM may be used; to date, in
my experience, it was not observed any additional distress
or discomfort provoked by this technique.
The potential beneﬁts of this technique of this priming
maneuver comparing to the common mode of LM insertion

are: 1) diminished risk of upper airway edema/trauma (the
risk of pushing down the tongue forcefully by the device
is lowered), 2) lower risk of teeth, lip, temporomandibular
articulation (TMA), or oral cavity trauma, 3) less head extension needed for mouth opening and for keeping away palate
from tongue to allow the advancement of LM.
In fact, all the anesthesiologists have faced problems
with the patient’s mouth opening for LM insertion that
obligated to the use of aggressive maneuvers as head hyperextension or maximum mandible protrusion, that may be
deleterious.
These difﬁculties will sometimes lead to administration
of excessive dose of induction agent, as propofol, which can
bring unwanted hemodynamic changes and to the administration of unplanned muscle relaxant which can affect
airway control.
It must be mentioned some clinical scenarios where the
described maneuver brings deﬁnitely some advantages; for
instance:
1) presence of increased risk for difﬁcult airway (TMA
dysfunction, obesity, macroglossia, teeth instability, cervical spine pathology, retrognatia/prognatia) whenever
the LM use is planned for securing airway.
2) placement of laryngeal mask in lateral decubitus; in
this case, the LMP technique is a highly recommendable technique (with the insertion of the LM, without the
priming maneuver both operator’s hands would be occupied simultaneously, 1) holding the LM and 2) opening
the mouth, which complicates the ability to conduct an
effective head extension by a single individual; even for
anesthesiologists that are reluctant to place a LM in lateral decubitus, it may be necessary in common scenarios,
such as unexpected prolonged hip arthroplasty, in which
the single-shot spinal anesthesia has to be converted to
general anesthesia keeping the lateral decubitus).
3) patients at high risk of deleterious consequences from
gastric insufﬂation, such as patients that will be submitted to short-duration laparoscopic surgeries , patients
with limited respiratory function or at high risk of postoperative nausea and vomiting, because the reduced
need of bag/valve/mask ventilation using the LMP technique diminishes the gastrointestinal dilation.3
Considering eventual complications/risks, the main concerns would be that patients might gag, vomit or develop
laryngospasm during airway insertion. As with the common
LM insertion, the ﬁnal insertion towards the the larynx will
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only occur after the loss of the gag and protective airway
reﬂexes. Some anesthesiologists would also be concerned
that stopping any pre-oxygenation before anesthetic induction, or preventing the ability to perform bag/valve/mask
ventilation, would result in an inevitable reduction in
patient airway safety; of note, the period of time without oxygenation may be slightly shortened with LM priming
maneuver (as it avoids the need to opening the mouth by the
anesthesiologist resulting in lower time without ventilation).
Notably, the anesthesiologists insert the LM after a standard
pre-oxygenation without prior bag/valve/mask ventilation,
in multiple occasions, concerned with its risks , being frequently the most used mode of LM insertion, as such nothing
will be modiﬁed about the lack of manual ventilation with
this technique in most cases.
Should we perform this technique in all the patients? The
answer is certainly: not necessarily, but a signiﬁcant number
of patients will beneﬁt from it. In common clinical cases it
is hard to demonstrate the beneﬁts of this mode of insertion of the LM, nevertheless it may be adopted, at least,
in those mentioned clinical situations given the lack of signiﬁcant complications associated to the technique and the
high potential gain. A description in the literature of a similar LMP technique, to our best knowledge, has not yet been
reported.
I would like to launch a challenge to the readers: a large
prospective study, eventually multicentric, may be undertaken comparing the LMP method to the traditional mode of
insertion in both supine or lateral decubitus position in relation to the following outcomes 1) the time from stopping
pre-oxygenation to the ﬁrst wave of EndTidal CO2 ; 2) the
rate of success on the ﬁrst attempt; 2) the incidence of gag
reﬂex; 3) the need of unplanned administration of muscular
relaxant or additional hypnotic drug; 4) the difﬁculty in the
mouth opening; 5) the need to insert at least an operator’s
ﬁnger inside the mouth; 6) the incidence of desaturation.

Inefﬁcient humidiﬁcation as the
cause of noninvasive ventilation
failure in COVID-19 patients
Dear Editor,
Five to six percent of COVID-19 patients developed acute
hypoxemia respiratory failure.1 The hypoxemia might not
respond to high-ﬂow nasal cannula therapy (HFNC), and
eventually require escalation of oxygen therapy to continuous positive airway pressure (CPAP) or noninvasive
ventilation (NIV). Patients who failed NIV had high minute
ventilation, which may be due to increased alveolar dead
space, increased CO2 production from the inﬂammatory
response and impaired carbon dioxide clearance, or both.2
Successful NIV leads to more patient comfort, reduced ventilatory work of breathing, decreased chest wall motion and
minute ventilation, improvement in arterial oxygen saturation, and dyspnea resolution. Patients on NIV frequently
complain of dry mouth. Because of ineffective humidiﬁcation and high minute ventilation, COVID-19 patients develop

There is the possibility that larger differences in some
outcomes are more likely found in the patients in which the
LM insertion is done in lateral decubitus or in the high-risk
subgroups of patients.
The LMP mode of insertion in a patient previously placed
prone position, may be useful, but the advantages/risks of
the LM use in that position are obviously highly controversial.
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dry and thick bronchial secretions, which might lead to airway obstruction. This also results in increased requirements
of airway procedure like bronchoscopy or endotracheal
tube replacement in COVID-19 patients. There is lack of
clear guideline or recommendation regarding the appropriate humidiﬁcation application during NIV, as this is poorly
understood.
Either of the two humidiﬁcation systems, heated humidiﬁcation (HH), or a heat and moisture exchange ﬁlter (HME)
is used for NIV. The humidiﬁcation system’s selection should
be based on the patient’s lung condition, ventilator settings,
intended duration of use, and other factors like the presence of leaks and body temperature. Switching from HME to
HH was found to be associated with a signiﬁcant decrease
in PaCO2 levels. Many centers use ﬁlters to provide passive
humidiﬁcation and reduce the risk of exhaled gas/aerosol
dispersion during NIV.3 In our clinical experience, we have
found better results in patients with prolonged NIV who were
switched from HME to HH. Few patients who were on CPAP
mode of NIV for more than ﬁve days (HME ﬁlter attached)
were observed to be noncompliant with complains of dry
throat. All these patients required high FiO2 (0.6 to 0.8) with
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high minute ventilation (12---15 L.min-1 ). In these patients,
we changed the humidiﬁcation system from HME to HH. The
patients became more compliant to the NIV with better synchrony and sputum clearance. We were able to wean all
patients in due course of 15 to 20 days.
During invasive ventilation, the natural humidiﬁcation
system of the upper airway is bypassed. Theoretically 30 mg
H2 O.L-1 is the minimum humidity required for ventilation4 ;
however, it is not clear whether the same is required during NIV. The minimum absolute humidity during NIV is 15 mg
H2 O.L-1 .5 If no humidiﬁcation is used, the absolute humidity
during NIV comes down to 5 mg H2 O.L-1 .4 Lellouche et al.5
stated that if mask leak is present, humidiﬁcation dropped
by 30% when HME is used, but remained the same with
heated humidiﬁer.
An international survey was conducted by Esquinas et al.4
to determine humidiﬁcation practices and its relationship
with untoward outcomes during NIV. They found that in
NIV failure patients, difﬁcult intubation was encountered
in 5.4%. It stated that in 50% of this subgroup of patients, no
humidiﬁcation system was used during NIV.
Hence, we suggest regular use of active humidiﬁcation (heated wire) in COVID-19 patient, as humidiﬁcation
improves airway function by clearing secretion from the airway. This would result in increased comfort to the patient,
increases NIV tolerance, and prevent the creation of a challenging environment for endotracheal tube placement.
There is a lack of clear guideline or recommendation regarding the appropriate humidiﬁcation application to
COVID-19 ARDS patients during NIV. Different humidiﬁcation
methods applied for intubated patients cannot be extrapolated to NIV. A well-structured comparative study between
humidiﬁcation versus ambient air during NIV will answer the
question.
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Videolaryngoscopes: not only
for endotracheal intubation
Dear Editor,
Advances in technology enable healthcare professionals to
solve problems faster and more easily with lower complication rates. Following the introduction of videolaryngoscopes
in clinical practice, increase in success and decrease in
complication rates in the management of difﬁcult endotracheal intubation were achieved within a short period,
causing rapid popularization of these devices. Even though
originally developed for difﬁcult intubation, they quickly
entered into routine practice due to their handling similarity
to classic laryngoscopes, ease of use and their facilitative properties to 3D image adaptation.1 Because of these
features, videolaryngoscopes are frequently used in areas
outside the operating room such as emergency services,
ambulances, or intensive care units2 as well as diagnosing

and/or solving various problems in the mouth, pharynx, and
larynx.1 Studies on the use of videolaryngoscopes for different purposes other than endotracheal intubation appear
more frequently in the literature, such as intraoral examination and/or small interventions, placement of TEE probe,
endoscope or nasogastric tube, assistance for ﬂexible tracheoscopic intubation, providing exposure for laryngeal
surgery or nasotracheal intubation.1---3 In this letter, we
wanted to share the various uses of videolaryngoscopes in
our clinical practice apart from routine endotracheal intubation, as shown below, and present the pictures of a case
(Fig. 1) we considered most unusual.
• Assisting nasotracheal intubation
• Control of vocal cord movements after thyroid operations
• Securing the proper placement of electromyographic tube
before thyroidectomy
• Control and removal of foreign bodies
• Placement or correcting malpositions of nasogastric tube
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uses of it, we present two cases in which the videolaryngoscope was used for indications other than endotracheal
intubation. Although these devices are not yet widely available for ﬁnancial reasons, videolaryngoscopes with various
features seem to ﬁnd a larger place in daily practice. Also,
their previously mentioned properties, ease of use, and
recording features seem to give them a special role in future
anesthesiology practice.
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Figure 1 Videolaryngoscope-assisted guidewire insertion during esophageal dilatation in a 31-years-old case of colonic
interposition.

• Guiding ﬁberoptic bronchoscopes/tracheoscopes, tracheal tube introducers, or bougies
• Laryngeal endoscopy and/or vocal cord injection
• Insertion of transesophageal echocardiography probes
• Assisting deep hypopharyngeal packing
• Diagnosing/recording of pathologies from upper airway to
just below the vocal cords
• Guidewire placement during esophageal dilatation (Fig. 1)
• Help in advancing the tube when using the tube exchanger
to protect the epiglottis
Videolaryngoscopes can provide wide-angle viewing and
allow the soft tissue retraction simultaneously. These properties make these devices very useful for healthcare
professionals for many procedures in the oropharyngeal cavity, especially in deep levels or in extraordinary anatomic
conditions. In this letter, to emphasize the possible novel

The quest for smooth
extubation: I banned air from
the ETT cuff for good. . .
Dear Editor,
It is known for a fact that tracheal extubation may be
associated with the risk of some complications. The Difﬁcult Airway Society (DAS) developed a guideline for the
management of tracheal extubation in 2012.1 While the DAS
guideline provides an excellent starting point in developing strategies for achieving a successful extubation, it does
not provide a distinction between successful extubation and
‘‘smooth’’ extubation. The concept of smooth emergence
was mentioned in the DAS guideline as desirable for the success of certain surgical procedures, but it did not specify
which procedures. Despite much of the discussion regarding
extubation techniques in the literature, there is no precise
deﬁnition of ‘‘smooth extubation’’. Coughing during emer-
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gence from general anesthesia is common among intubated
patients (40 to 76%). Among the physiological consequences
of peri-extubation coughing we can cite complications as
neck hematoma after thyroidectomy or carotid endarterectomy, wound dehiscence after laparotomy, and intracerebral
hemorrhage after intracranial surgery. As such, the quest for
a ‘‘smooth extubation’’ has been pursued in the literature.
Multiple medications have been shown to reduce emergence
coughing, such as lidocaine (IV, intracuff, topical, laryngotracheal), dexmedetomidine, fentanyl, and remifentanil.
Beyond the humanitarian aspect, the ‘‘smooth’’ extubation should be a goal to be pursued even in ordinary
anesthesia, because it is a potentially avoidable source of
complications. It is uncertain; however, which combination
of measures and/or medication is the most effective for
reducing this adverse event. Studies are limited by small
sample sizes and heterogenous interventions. These limitations are also reﬂected in the published systematic reviews
and meta-analyses.2 It should be noted that the COVID-19
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pandemic has heightened the importance of developing our
knowledge of effective techniques to achieve smooth emergence. Smooth extubation may contribute to reduce the
transmission of COVID-19 to healthcare workers by reducing coughing, bucking, and aerosolization.3 Among methods
used to apply local anesthetic to the mucosa, intracuff
lidocaine, in addition to local anesthetic effect, prevents
the diffusion of nitrous oxide into the ETT cuff, without
delaying awakening. Inﬂation of the endotracheal tube cuff
with lidocaine would create a reservoir of local anesthetic,
which diffuses across the cuff membrane to anesthetize
the mucosa and attenuate stimulation during extubation.
Intracuff alkalinized (or even nonalkalinized) lidocaine signiﬁcantly reduces coughing and other intubation-related
complications during the extubation process. Lidocaine efﬁcacy has long been known since it was evaluated in a
Cochrane review in 2009.4 Lidocaine administered as a cuff
inﬂation medium reduces sensory input from the tracheal
mucosa through its continuous topical anesthetic effect.
Alkalinized lidocaine could have a potential advantage over
its non-alkalinized (plain) variety, with a quicker onset,
duration, and quality of the block, despite the possibility
of completely losing its anesthetic action due to precipitation if a minimal error in the addition of bicarbonate occurs.
By ﬁlling the cuff with lidocaine, diffusion of the the drug
crosses across the hydrophobic PVC walls of the ETT cuff
attenuates sensory impulse from the tracheal mucosa Thus,
the tracheal mucosa in direct contact with the ETT cuff wall
can be anesthetized locally with a longer than expected
effect of lidocaine and with intact supraglottic reﬂexes, preventing aspiration. Albeit buffered lidocaine could achieve
better results, even plain 2% lidocaine injected into the
ETT cuff, not only reduces the incidence of cough and sore
throat but also enables improved ETT tolerance and helps
in producing smooth extubation in patients with hyperactive airways.5 Based on all the mentioned literature and my
observation during my clinical practice, I switched room air
for lidocaine into the cuff since 2000, and since then I have
been employing lidocaine for ﬁlling the cuffs for good.
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