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Brazilian Journal of Anesthesiology: 75 years

consolidating achievements

“Here we open these welcoming pages hoping that the
authors will satisfy our studious curiosity.”
Renato Correa Ribeiro, 1951

The Brazilian Society of Anesthesiology (SBA), founded in
1948, published the first issue of its journal in 1951. Sev-
enty-five years later, the Brazilian Journal of Anesthesiology
(BJAN) remains one of the most meaningful expressions of
Brazilian anesthesiology.

The inaugural editorial written by Ribeiro' in 1951 was a
mixture of joy, warning, faith, and hope. Actually, the emer-
gence and continued growth of BJAN were only possible
because of the philosophy implemented by the founders
and absorbed by their followers, allowing its natural, yet
methodical, development. Everything in parallel with the
very development of Natural Sciences, in which concepts
and behaviors, resulting from observation and experimenta-
tion, emerge based on empirical, scientific, philosophical,
and theological knowledge.

Also in 1951, a copy of the journal was presented to the
Editor-in-Chief of the journal Current Researches in Anes-
thesia and Analgesia, who wrote an editorial entitled "A New
Journal is Born".? This early international mention, later
highlighted by Parsloe in an editorial, where he summarized
much of the history of our journal, is particularly meaning-
ful.® It shows that, in addition to the internal objectives of
the journal’s publication, there was a desire to insert it into
the international scenario.

The emergence of the journal, and its bimonthly publica-
tion schedule over the years, established a strong link
between the Institution — the Brazilian Society of Anesthesi-
ology — and its members.* Stages were completed with
dedication and hard work. Initially, the main objective was
to have a journal that could disseminate knowledge and
encourage national authors to publish their research,
whether scientific or review articles, as well as presenta-
tions of clinical cases or anesthetic techniques, with the
technical details of international publications. Annually,

https://doi.org/10.1016/j.bjane.2026.844764

Check for
updates

some selected articles, especially scientific ones, were pub-
lished only in English in a special issue.

The great progress experienced over the years has been
due to the inclusion of topics related to the philosophy of
the scientific method in the scientific program of the Brazil-
ian Congresses of Anesthesiology, held annually. The debates
have not only consolidated the guidelines emanating from
the most frequent and experienced authors, but also have
encouraged younger, novice authors. This tradition contin-
ues to this day. Thus, our MDs, PhDs, and experts, of which
there are many, join youth eager for knowledge, who will
certainly become one of them in time. This is part of the
SBA’s objectives: "to bring together physicians interested in
promoting the progress, improvement, and dissemination of
anesthesiology, intensive care, pain management, palliative
medicine, aerospace medicine, and resuscitation, and to
establish standards for training in the specialty”. As a result,
most of the national articles originate from the 135 Anesthe-
siology Teaching and Training Centers accredited by the SBA,
including those located in universities.

Until 2000, the journal was published in Portuguese, with
abstracts in English and Spanish. In 2001, at the initiative of
the Editorial Board, approved by the SBA Board of Directors,
the journal became bilingual, with texts in Portuguese fol-
lowed by an English translation. From then on, the number
of citations of national papers increased.

In 2012, the publication began to present the articles in
both Portuguese and English in full in the same issue. This
led to a significant increase in submission from authors from
other countries, requiring an expansion of the Editorial
Board and the redefinition of goals and guidelines for the
acceptance of articles.

In 2019, through the initiative of the Editorial Board and
the essential support of the Board of Directors, the SBA
decided that BJAN would be published only in English. The
decision, implemented in 2020, made it easier to find
articles in BJAN. The BJAN has definitively become more
accessible to both national and international authors,

0104-0014/© 2026 Published by Elsevier Espana, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/).



L.M. Cangiani

definitively placing it within the international anesthesiol-
ogy landscape.

Immersed in international literature, BJAN publishes
articles from a variety of areas within anesthesiology, show-
ing no preference for specific segments, as long as they
adhere to scientific rigor and comply with author guidelines.
Although the literature is a tangled web of a large puzzle,
the excellent current databases allow for quick searches
using well-applied keywords. BJAN, indexed in the institu-
tions that offer such databases, has seen its impact factor
gradually increase, reaching 1.9 in June 2025.

Up until the year 2000, the number of article submissions
hovered around 250. Over the years, this number has grown,
reaching 900 submissions in 2025. To comply with the analy-
sis guidelines, flowchart, and schedule of the editorial pro-
cess, the Editorial Board has grown significantly, currently
comprising 1 Editor-in-Chief, 1 Co-editor, 28 Associate
Editors, and 102 members of the Editorial Committee, spe-
cialists in the various areas of anesthesiology practice. Asso-
ciate Editors and members of the Editorial Committee are
appointed by the Editor-in-Chief and the Co-editor, subject
to approval by SBA. The editorial work is carried out on a
voluntary basis by all members of the BJAN Editorial Board.
The workload is substantial, but the sense of fulfillment is
even greater.

The Editor-in-Chief and Co-editor have always been
elected by the SBA Assembly of Representatives for a three-
year term, renewable for up to two more terms. However,
since 2022, the Editor-in-Chief and Co-editor, with the same
term length, are chosen by the SBA Board of Directors from
a list of five names compiled by the Editorial Board. Since its
launch, BJAN has had 12 Editors-in-Chief.

Brazilian anesthesiologists are very proud of BJAN, treat-
ing it with affection and respect. Thus, may future genera-
tions appreciate the great effort expended by many, and
may they introduce the necessary modifications, with
respect for their predecessors, in the constant pursuit of

quality, seeking to consolidate achievements with courage
and competence.

Therefore, the welcoming pages of BJAN remain wide
open to the entire scientific community, hoping that the
authors will continue to satisfy the curiosity of scholars.
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75 years of BJAN: honoring our legacy, sharpening the
future of anesthesiology research

Seventy-five years ago, the first pages of what is now known
as the Brazilian Journal of Anesthesiology (BJAN) were
printed, driven by the visionary spirit of Renato Correa
Ribeiro and the founding members of the Brazilian Society of
Anesthesiology (SBA). As Prof. Luiz Marciano Cangiani beau-
tifully chronicles in this issue," our journal has evolved from
a modest national publication into an internationally recog-
nized scientific platform. He reminds us that BJAN’s welcom-
ing pages have always sought to satisfy the “studious
curiosity” of our community. Today, as we celebrate this dia-
mond jubilee in issue 76-3, we look back on those years with
immense pride and look forward to the future of scientific
publishing with renewed enthusiasm.

Over these decades, BJAN has been an important plat-
form for research that has influenced anesthetic practice,
accompanying the evolution of our specialty from the era of
ether and rudimentary monitoring to the age of precision
medicine, ultrasound-guided regional anesthesia, and
advanced perioperative monitoring and care. During the
past 75 years, our pages have hosted landmark articles that
have shaped clinical guidelines and improved patient safety
worldwide.?3

Between 1995 and 2003, several goals were achieved,
namely: rigorous bimonthly periodicity; encouragement of
national authors; inclusion of courses on scientific methodol-
ogy at Brazilian Congresses of Anesthesiology; approval of
the proposal for the elaboration of structured abstracts sub-
mitted at the editors’ meeting held during the world con-
gress in Sydney (1996); indexing in SciELO (Scientific
Electronic Library Online); bilingual publication in Portu-
guese and English (2001); and gradually preparing the jour-
nal, following the guidelines of the USA National Library of
Medicine, in order to apply for its indexing in that institu-
tion.

A truly important step in the global exposure of BJAN was
its indexing in the U.S. National Library of Medicine (MED-
LINE/PubMed) platform, which was accomplished in 2008.
At that time, BJAN had to adapt to the standards of the sys-
tem, a process that received strong support from SBA

https://doi.org/10.1016/j.bjane.2026.844773
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Directors and technical assistance from Elsevier, hired in
2006 for this purpose.

After indexing, the large-scale exposure was reflected in
the growth of the bibliometric impact. In the past years,
BJAN has experienced a consistent improvement in its
Impact Factor. Today, BJAN is the top-ranked anesthesiology
journal in Latin America, placed in the second quartile (Q2)
of the Anesthesiology and Pain Medicine category, with a SCI-
mago Journal Rank (SJR) of 0.537.“ This progress reflects the
increasing quality of the research published in BJAN since its
inception.

The very first article published in BJAN, “Progress in
Anesthesia in the Western Hemisphere”, by Ralph M. Waters,
was visionary. The manuscript framed anesthesia not merely
as a technical act, as it was viewed at the time, but as a
medical specialty grounded in physiology, pharmacology,
research, and ethical responsibility. Waters also emphasized
that anesthesiologists must be competent physicians, fully
committed to patient safety and to principles that, more
than seven decades later, remain extremely relevant: scien-
tific rigor, professional identity, education, multidisciplinary
collaboration, and responsible innovation. These principles
continue to define the very best of modern anesthesiology.>

Collaborative consensus statements, such as the Update
on Perioperative Hypersensitivity Reactions,® the Brazilian
Society of Anesthesiology’s Recommendations for Difficult
Airway Management in Adults and children,”"® and the Con-
sensus on Perioperative Transesophageal Echocardiography
developed in partnership with the Brazilian Society of Cardi-
ology,” have become highly cited references that actively
guide anesthesiologists’ daily practice worldwide. These
manuscripts clearly illustrate BJAN’s historical commitment
to publishing not only original research but also practical
guidelines that bridge the gap between cutting-edge scien-
tific evidence and real-world clinical care, directly translat-
ing robust data into safer, more standardized patient
outcomes at the bedside.

As we celebrate our history, we are also looking ahead
toward the next chapter. Scientific publishing continues to

0104-0014/© 2026 Published by Elsevier Espana, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under
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evolve rapidly, demanding greater agility, transparency, and
openness. In response, BJAN has launched a targeted Call
for Papers to encourage submissions in strategic areas of rel-
evance to our anesthesiology community. Prime examples
include our recent Special Issues on Perioperative Care'®
and Patient Blood Management,"" which brought together
leading experts to address important contemporary topics in
anesthesiology.

During Prof. Maria Carmona’s tenure as Editor-in-Chief,
the transition to an English-only format marked a bold and
transformative step that firmly established BJAN on the
global stage.'® This strategic decision has been reflected in
the substantial growth to more than 900 submissions annu-
ally. This journey continues to gain even greater momentum
as we fully embrace the principles of Open Science'® and
responsibly explore the potential of Artificial Intelligence to
enhance our peer-review processes,'™ all while upholding
the rigorous ethical standards that have always defined us.

We are also very proud of our Diamond Open Access
model, which is fully funded by SBA. As scientific publishing
is becoming increasingly commercialized, BJAN demon-
strates that high-quality rigorous research can and should
remain freely accessible to readers and authors worldwide,
with no financial barriers whatsoever. This model supports
broader and equitable access to scientific publishing.

BJAN’s success belongs to all of us. Reaching three-quar-
ters of a century of uninterrupted publication is an impres-
sive milestone that reflects the collective dedication of our
Editorial Board, the rigorous expertise of our reviewers,
and, above all, the sustained trust and outstanding contribu-
tions of our authors. As previously mentioned, our pages
have always been open.

Happy anniversary, BJAN!
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KEYWORDS Abstract

Cesarean section; Background: Sometimes, planned vaginal deliveries with neuraxial analgesia may result in
Epidural analgesia; unplanned cesareans. We aimed to determine the incidence of cesarean among parturients receiving
Labor pain; neuraxial analgesia for vaginal delivery, identify associated factors, and develop a predictive model.
Obstetric analgesia; Methods: In this prospective observational cohort study, we evaluated parturients receiving
Predictive values of neuraxial analgesia for vaginal delivery and analyzed factors associated with progression to
tests cesarean. Multiple logistic regression with a step-up procedure was performed. The dataset was

split into training (70%) and testing (30%) databases, with the latter used to assess performance
metrics. Bootstrap validation with 5,000 repetitions was performed.

Results: We evaluated 331 parturients and 94 (28.4%) underwent cesarean. Variables differing
between cesarean and vaginal delivery groups (p < 0.05) included patient age, body mass index, gesta-
tional age, cervical dilation at analgesia initiation, time under analgesia, labor conducted/monitored
by nurses, and oxytocin use after analgesia initiation. Three variables remained predictive [odds ratio
(95% Confidence Interval (95% Cl))]: patient age: 1.0436 (1.0091 to 1.0835), p = 0.018; time under
analgesia: 1.0043 (1.0008 to 1.0081), p = 0.018; and oxytocin use after analgesia initiation: 0.0921
(0.0400 to 0.1945), p < 0.001. Predictive area under the curve (95% Cl) was 71.8% (60.5%-83.1%).
Arrest of descent (35.1%) and fetal distress (34.0%) were the leading indications for cesarean.

* Corresponding author.
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Conclusions: Among parturients receiving neuraxial labor analgesia, older patients, longer analge-
sia duration, and no oxytocin use after analgesia initiation increase the probability of cesarean, with
moderate predictivity. Arrest of descent and fetal distress were the main causes of cesarean.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

During labor, neuraxial injection of local anesthetics may
provide relaxation of the muscles of the pelvic floor and
abdominal wall, which are important components in the pro-
cess of fetal rotation and correct cephalic positioning, pro-
longing the second stage of labor, increasing the risk of
instrumental vaginal delivery, in addition to increasing the
use of oxytocin to optimize uterine contractility and avoid
dystocia.” Although neuraxial analgesia is associated with
these outcomes, studies on the increased risk of cesarean
delivery have conflicting results.?* Some factors, such as
maternal age and the use of oxytocin during labor, have
been associated with variations in the incidence of cesarean
delivery.*® Other elements, including the time of day when
labor occurs and the type of healthcare provider, i.e.,
nurses, midwives or obstetricians,®” have also been investi-
gated as potential contributors to cesarean rates. A predic-
tive model for cesarean delivery in nulliparous patients
during hospital admission revealed a 71% accuracy, and that
the factors associated were advanced maternal age, shorter
maternal height, greater gestational age, labor lasting more
than 24 hours, irregular contractions, less cervical dilation,
and higher fetal station.® Another predictive model evalu-
ated the risk of cesarean delivery after induction of labor
and found that nulliparity and macrosomia were the factors
with the highest odds ratios.’

However, during labor analgesia, the extent to which
some of these factors influence cesarean delivery, particu-
larly when considered in combination, remains to be fully
elucidated. We hypothesized that a limited set of clinical
variables, easy to collect and observe, selected at the time
of neuraxial analgesia, could predict subsequent cesarean
delivery. Given the uncertainties about the risk of cesarean
during neuraxial labor analgesia for vaginal delivery, this
study aimed to determine the incidence of cesarean among
parturients who received neuraxial labor analgesia, to iden-
tify associated maternal and gestational factors and, thus,
construct a predictive model. The causes of cesarean were
also evaluated in these patients.

Methods

This is a prospective observational cohort study, approved by
the Institutional Ethics Committee, performed with parturi-
ents of the Maternity at the Hospital das Clinicas of Botucatu
Medical School, Brazil, conducted in accordance with the
recommendations of the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) and the
Transparent Reporting of a multivariable prediction model
for Individual Prognosis Or Diagnosis (TRIPOD statement).
During the period between March 2022 and June 2023, all
consecutive patients with indication for labor analgesia

were invited to participate in the study after signing the
informed consent form. Patients of any age who received
neuraxial analgesia (spinal, epidural, or combined spinal-
epidural) for vaginal delivery were included. In the case of
fetal demise, parturients did not participate in the study.
The obstetricians requested the analgesic procedure accord-
ing to their clinical evaluation of pain intensity and cervical
dilation, on an individual basis.

The index time for collecting the variables was the onset of
analgesia. The variables chosen for the analysis of the possible
association with cesarean obtained at the index time were
patient age (years); weight (kg); height (cm); body mass index
(kg.m?); gestational age (weeks and days); physical status
according to American Society of Anesthesiologists (classifica-
tion, | to VI); cervical dilation at the time of analgesia adminis-
tration (cm); previous pregnancies (number of previous
pregnancies); previous vaginal deliveries (humber and percent-
age); pain score before analgesia (scale from zero (no pain) to
10 (maximum possible pain)); analgesia performed at night
(after 8 pm, number of patients and percentage); analgesia
technique (spinal, epidural or combined spinal/epidural, num-
ber and percentage); use of oxytocin before analgesia initia-
tion (number of patients and percentage); and labor
monitored/accompanied by nursing (number of patients and
percentage). The variables chosen for the analysis of the possi-
ble association with cesarean obtained after the onset (post-
index) of analgesia were time under analgesia (minutes); and
use of oxytocin after analgesia initiation (number of patients
and percentage).

The choice of the neuraxial technique, whether spinal,
epidural, or combined (spinal-epidural), with or without the
use of an epidural catheter, as well as the selected drugs
and their respective doses, was at the discretion of the
attending anesthesiologist.

In cases where cesarean delivery was indicated by the
obstetrician, or according to the patient’s will, we recorded
the reasons for the indication, and the attending anesthesiolo-
gist decided on the anesthetic technique for the cesarean.

The primary outcome of the study was to evaluate the
percentage of parturients who received neuraxial analgesia
and underwent an unplanned cesarean delivery, to identify
the possible associated factors, and to construct a predictive
model. The secondary outcome was the identification of the
causes of cesarean delivery.

Statistical analysis

Based on the number of labor analgesia procedures performed
in 2021 (204 cases), according to local records, we made a pre-
liminary convenience analysis with 194 consecutive cases and
found that four independent variables were associated with
cesarean delivery: body mass index; longer gestational age; lon-
ger time under labor analgesia; and no oxytocin use after anal-
gesia. Using the sample size equation for observational studies
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involving logistic regression as suggested by Bujang et al.
(n =100 +50i, where i refers to the number of independent vari-
ables in the model), the minimum number required for the
analysis would be 300 patients. We included approximately 10%
more participants than the minimum required sample size, aim-
ing to compensate for potential data loss due to incomplete
forms or missing critical information that could compromise the
quality and completeness of the dataset, resulting in a total of
331 patients.

To choose the set of variables to compose the predictive
model, the difference between groups (vaginal delivery vs.
cesarean section) was investigated. Quantitative variables
were analyzed via two-tailed Student’s t-test (stats::t.test)
when a Gaussian distribution was verified via the Cramer-
Von Mises test (nortest::cvm.test) or the two-tailed Mann-
Whitney test (stats::wilcox.test) when the variables did not
meet this assumption. A chi-square test (stats::chisq) was
used for the qualitative variables.

Following, the dataset was divided into training and test-
ing databases. The training database contained 70% of the
randomly selected patients, while the testing database had
30% of the remaining patients using a random stratification
sampling by groups without replacements (vaginal delivery
and cesarean). The proportion of events (cesareans and vag-
inal deliveries) was maintained in both databases, according
to that observed in the dataset. Then, the variables that
were significantly different between the groups were used
as predictive variables and the groups were used as predic-
tor variables in a multiple binomial logistic regression model
using the training database (stats::glm) (full model). The
model was subjected to a step-up procedure in which non-
significant predictive variables were manually removed from
the model. This process was repeated sequentially until all
predictive variables were significant (final model). The best
model was chosen according to the Root Mean Square Error
(RMSE), Akaike Information Criterion (AIC), Bayesian Infor-
mation Criterion (BIC) and the Area Under the Curve (AUC)
(jtools::summ; sjstats::rmse; Imtest::lrtest; pROC::roc; and
pROC::ci.auc). The AUC between models was compared via
the Delong test (pROC::roc.test) and we also used a null
model for comparisons. The Hosmer-Lemeshow goodness-of-
fit test (glmtoolbox:: hltest) was performed to evaluate the
final model. Variance Inflation Factor (VIF) was used to
assess the multicollinearity among predictive variables
(car::vif). A bootstrap resampling with 5,000 repetitions was
performed to internally validate the linear and slope coeffi-
cients of the final model (car::boot). Least Absolute Shrink-
age and Selection Operator (LASSO) with 10-fold cross-
validation was applied to the final predictive model obtained
after the step-up procedure using the training database
(glmnet::cv.glmnet and glmnet::glmnet). Events per vari-
able were calculated using the final Bayesian logistic regres-
sion model (4 chains, 2,000 iterations, 1,000 warmup) with
training database. Expected posterior variance was esti-
mated via posterior predictive simulations: multiple data-
sets were simulated from the fitted model, refitted, and
posterior variances of coefficients averaged to quantify the
expected uncertainty of each parameter (brm::brm).

The purpose of the final model was to present a set of
variables that could predict the occurrence of cesarean
delivery. Finally, the testing database was used to evaluate
the quality of the model and to develop the AUC and its 95%

Confidence Interval, obtained from the Receiver Operating
Characteristics (ROC) curve with 1,001 replicates by boot-
strap (pROC::roc; pROC::ci.auc; and pROC::ci.coords). A
calibration plot was constructed with the testing database,
containing 30% of patients and maintaining the proportion of
cesareans observed in the dataset. Decision curve analysis
was performed using threshold probabilities ranging from
0.05 to 0.80, in increments of 0.005, and the 95% Confidence
Interval was calculated by a bootstrap with 100 repetitions
(rmda:: decision_curve and rmda::plot_decision_curve); p-
values < 0.05 were considered significant. Statistical analy-
ses were conducted using R programming language in the
RStudio software (Version 4.1.0; 2021-06—29; RStudio,
Inc.). Functions and packages were presented as ‘package::
function’, corresponding to computational language in R.

Results

During the study period, 331 patients received neuraxial
analgesia, and 94 (28.4%) progressed to cesarean delivery
(Fig. 1). The quantitative and qualitative variables analyzed
are presented in Table 1, in relation to the occurrence of
vaginal and cesarean deliveries, with their statistical values
according to univariate analysis.

Following the split, the training database (70%, 232 out of
331 patients) was composed by 166 (71.5%) cases of vaginal
delivery and 66 (28.5%) of cesarean, while the testing database
(30%, 99 out of 331 patients) was composed by 71 (71.7%) cases
of vaginal delivery and 28 (28.3%) of cesarean.

Table 2 shows the fit parameters of each model, before
and after the step-up procedure. A null model is also pre-
sented for comparison. Unlike the full model, with all varia-
bles initially identified as significant, the final model
presented all slope coefficients as significant. Their AUC was
considered equivalent (p = 0.413).

In the final model, no evidence of lack of fit between pre-
dicted probabilities and observed outcomes were supported by
the Hosmer-Lemeshow goodness-of-fit test (statistic = 7.4;
degrees of freedom = 8; p = 0.487). Collinearity issues were
not identified based on the VIFs of patient age (1.02), time
under neuraxial analgesia (1.07), and oxytocin use after anal-
gesia (1.07). Table 3 presents outcomes from the bootstrap
resampling approach. The older the patients were (8 = 0.043;
p = 0.018) the greater the probability of cesarean (1.0436

eligible patients
(consecutive patients eligible for

identification neuraxial labor analgesia)
n =333
non—inclgd_ed
« refused to participate: n = 1
inclusion | included in the study = 332
excluded
l « neuraxial analgesia not performed: n = 1
total included for analysis
" n =331
analysis

total analyzed (n = 331)
+ cesarean: n = 94
« vaginal delivery: n = 237

Figure 1 Flowchart.
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Table 1  Distribution of quantitative and qualitative variables between parturients who underwent vaginal or cesarean delivery
after neuraxial labor analgesia.

Age (years) 24 (20 — 29) 25 (21 - 29) 0.032
Weight (kg) 75 (68 — 87) 78 (69 —91) 0.144
Height (cm) 1.63 (1.58 — 1.67) 1.62 (1.57 — 1.67) 0.289
Body mass index (kg.m%) 28.7 (25.8 — 33.2) 30.4 (27.6 — 34.5) 0.018
Gestational age [weeks (w)/days (d)] 39w/1d (38w/1d — 40w/1d) 39w/6d (38w/4d — 40w/ 3d) 0.006
Physical status 0.308

ASA® 2 204 (86.1%) 76 (80.8%)

ASA3 33 (13.9%) 18 (19.1%)
Cervical dilation (cm)® 7(7-28) 7(6—28) 0.028
Previous pregnancies 1(1-2) 1(1-2) 0.422
Previous vaginal deliveries 63 (26.6%) 21 (22.3%) 0.424
Time under analgesia (min) 103 (55 — 184) 162 (102 — 233) < 0.001
Numerical pain scale® (before analgesia) 10 (10 — 10) 10 (10 — 10) 0.751
Analgesia performed at night (after 8 pm) 101 (42.7%) 38 (40.4%) 0.787
Analgesia technique 0.397

Spinal® 181 (76.3%) 66 (70.2%)

Spinal + epidural® 38 (16.0%) 21 (22.3%)

Epidural’ 18 (7.6%) 7 (7.4%)
Use of oxytocin before analgesia 54 (22.7%) 12 (12.7%) 0.057
Use of oxytocin after analgesia 155 (65.6%) 22 (23.4%) < 0.001
Labor monitored/accompanied by nursing 23 (9.7%) 22 (23.4%) 0.002

Data are presented as the median (15t — 3™ quartiles) or number of patients (%).

2 American Society of Anesthesiologists.

b Dilation of the uterine cervix at the time of analgesia administration.

¢ Scale from zero (no pain) to 10 (maximum possible pain).

9 Drugs and doses in groups Vaginal delivery and Cesarean, respectively (mean + Standard Deviation [SD]): hyperbaric bupivacaine (mg),
2.6 £ 0.6 and 2.8 & 1.0, and sufentanil (xg), 4.9 £ 0.7 and 5.0 + 0.8.

€ Drugs and doses in groups Vaginal delivery and Cesarean, respectively (mean + SD): hyperbaric bupivacaine (mg), 2.7 + 0.9 and 2.6 +
0.3, sufentanil (u1g), 5.5 + 2.3 and 5.0 + 1.3, and ropivacaine (mg), 18.2 + 8.6 and 19.8 + 15.0.

f Drugs and doses in groups Vaginal delivery and Cesarean, respectively (mean + SD): ropivacaine (mg), 27.7 & 11.4 and 28.3 + 14.6.

increase for each one-year increase), and the longer the time these variables. On the other hand, the use of oxytocin after
under analgesia (8 = 0.004; p = 0.018) the greater the probabil- analgesia (B = -2.386; p < 0.001) decreased the probability of
ity of cesarean (1.0043 increase for each one-minute increase), cesarean, given the negative slope coefficient (8) and signifi-
given the positive slope coefficients (8) and significance (p) of cance (p) of this variable. The odds ratio indicates that the

Table 2 Findings of the fit parameters for each model before and after the step-up procedure using the training database. A null
model is presented for comparison.

%2 (df); p-value® 0.00 (0); p = not applicable 63.3 (7); p <0.001 55.7 (3); p < 0.001

AlCP 279.1 (-268.0 to 826.1) 205.1 (-196.8 to 607.1) 204.6 (-196.5 to 605.8)
BICC 282.5 (-271.2 to 836.3) 231.8 (-222.5t0 686.1) 218.0 (-209.2 to 645.3)
RMSE? 0.4512 (-0.4331 to 1.3355) 0.3796 (-0.3645 to 1.1236) 0.3912 (-0.3755 to 1.1579)
AUCE® (95% confidence interval) 50.0 (50.0 to 50.0)° 83.0 (76.6 to 89.4)° 81.5 (75.5 to 87.5)¢

Slope coefficients (n) 0 7 3

Significant slope coefficients (n) 0 3 3

3 2% is the Chi-Square test, and df refers to degrees of freedom.

AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; RMSE, Root Mean Square Error; AUC, Area Under the Curve.

® p <0.0001, DeLong test comparing the AUC between null and final models.

¢ p=0.0001, DeLong test comparing the AUC between null and full models.

4 p =0.413, DelLong test comparing the AUC between full and final models. The training database contains 70% of the randomly selected
patients using a random stratification sampling by groups (232 patients: 166 [71.5%] cases of vaginal delivery and 66 [28.5%]) of cesarean).

4
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Table 3

Findings of the bootstrap resampling approach on the predictive final model using the training database.

Linear coefficient («) -12.289 -0.995 5.642 -23.802 to -2.6488
Slope coefficients (8)
Patient age 0.043 0.018 0.003 0.020 0.008 to 0.084
Time under neuraxial analgesia 0.004 0.018 0.001 0.002 0.001 to 0.009
Oxytocin use after analgesia -2.386 < 0.001 -0.090 0.448 -3.185to0 -1.515

The training database contains 70% of the randomly selected patients using a random stratification sampling by groups (232 patients: 166

[71.5%] cases of vaginal delivery and 66 [28.5%] of cesarean).

Table 4

Findings of the predictive final model after the step-up procedure using the training database.

Linear coefficient («) -12.289 4.978
Slope coefficients (B)
Patient age 0.043 0.018
Time under neuraxial analgesia 0.004 0.001
Oxytocin use after analgesia -2.386 0.401

-2.469 0.014 0.0001 (0.0001 to 0.0463)
2.359 0.018 1.0436 (1.0091 to 1.0835)
2.367 0.018 1.0043 (1.0008 to 1.0081)
-5.951 < 0.001 0.0921 (0.0400 to 0.1945)

The training base contains 70% of the randomly selected patients using a random stratification sampling by groups (232 patients: 166

[71.5%] cases of vaginal delivery and 66 [28.5%] of cesarean).

administration of oxytocin after delivery of analgesia is a fac-
tor that decreases the probability of occurrence of cesarean,
while the greater age of patients and the longer time under
analgesia are factors that increase the probability of occur-
rence of cesarean (Table 4).

Table 5 shows the values of sensitivity, specificity, and
AUC of the ROC curve of the step-up model using the testing
and training databases that include patient age, time under
labor analgesia, and use of oxytocin after the administration
of labor analgesia. The values of the testing database indi-
cate the performance metrics of the predictive model.

The penalized regression (LASSO) shows the same ranking
of importance of the variables included in the final predic-
tive model obtained through the step-up procedure using
the training database (Supplementary Material Table 1S).

Expected posterior variance for the slope coefficients of
all three parameters was very small, suggesting precision of
the parameters in estimating their respective effects in the
model, while the linear coefficient was relatively large,

Table 5
model using the testing database.

Optimal cutoff point (%)
Specificity (%)
Sensibility (%)

Area under the curve (%)

37.9 (16.2 to 54.4)
73.8 (55.5 t0 91.5)
81.8 (60.1 t0 95.5)
81.5 (75.5 to 87.5)

reflecting a moderate degree of imprecision in its estimation
(Supplementary Material Table 2S).

Calibration on the testing database is suboptimal, especially
at lower predicted probabilities (Supplementary Material Fig.
1S,), potentially due to the limited sample size and model
overfitting. Using the optimal cutoff point determined from
the training database, we identified 52 true negative cases, 16
true positives, 13 false positives, and 18 false negatives in the
testing database. In the decision curve analysis (Supplemen-
tary Material Fig. 2S,), the final predictive model demon-
strated a higher net benefit across a wide range of threshold
probabilities compared to the strategies of treating all or
treating none. This indicates that the model offers potential
clinical utility, particularly within threshold probabilities range
of approximately 0.15 to 0.45, for identifying parturients who
may require cesarean delivery.

The equation for estimating the probability of an unplanned
cesarean in patients under labor analgesia for vaginal delivery
is described below, using the fixed effects of the model:

Outcomes of the Receiver Operating Characteristic (ROC) curve of the training database and of the predictive final

25.5 (8.5 t0 62.9)
65.2 (36.2 to 100.0)
78.6 (35.7 to 100.0)
71.8 (60.5 to 83.1)

The training database contains 70% of the randomly selected patients using a random stratification sampling by groups (232 patients: 166
[71.5%] cases of vaginal delivery and 66 [28.5%] of cesarean), while testing database has 30% of the reminiscent patients (99 patients: 71

[71.7%] cases of vaginal delivery and 28 [28.3%] of cesarean).
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— 1 . i
P = <1+ef(712ZB9+Age*0043-Analgesfa‘0004+0xytocin*72 386)) * 100; p is the proba-

bility of cesarean; e is the Euler number ~
2.718281828459045235360287; Age is the patient age (years);
Analgesia is the time under neuraxial analgesia (minutes); Oxy-
tocin is oxytocin use after analgesia (0 = no, 1 = yes).

The indications for cesarean were arrest of fetal descent
(n=33; 35.1%), fetal distress (n = 32; 34.0%), arrest of cervi-
cal dilation (n = 21; 22.3%), and patient’s decision to with-
draw from vaginal delivery (n = 8; 8.5%).

Discussion

In this study, in a public tertiary hospital, 28.4% of the parturi-
ents who received neuraxial analgesia for vaginal delivery pro-
gressed to cesarean. In similar studies, in parturients receiving
neuraxial analgesia, the conversion rates to cesarean ranged
from 21.4% to 28.4%."""3 Cultural issues, patients’ demographic
characteristics, and differences between public and private hos-
pitals may be responsible for the differences between the inci-
dences of cesarean rates in different studies. In the study by
Bannister-Tyrrell and collaborators, reporting a 21.4% cesarean
rate, epidural analgesia in labor was more common among
women aged 35 years and older, primiparous women with labor
induction, women at 41 weeks, and in private hospitals."" Law-
son and collaborators reported an incidence of cesarean rate of
28.4% after labor analgesia. They selected parturients who had
not received augmentation of labor by oxytocin and those who
received regional analgesia were more commonly nulliparous,
obese, admitted to hospital as a private patient and had a higher
socioeconomic status.'”> Wang and collaborators recruited
patients with cervical dilation larger than 1 cm and willing to
have labor analgesia. Their mean age was 27 years, and gesta-
tional age ranged from 39 to 40 weeks. Analgesia was standard-
ized as 15-mL epidural analgesic mixture in a single bolus of
0.125% ropivacaine with 0.3 pg.mL™" sufentanil, followed by
patient-controlled analgesic pump. The mean rate of cesarean
was 23.0% and there was no difference according to initial cervi-
cal dilation." In Brazil, unlike in the past few years, currently, in
public hospitals, parturients in labor can choose to undergo
cesarean at any time, even when they are already under neurax-
ial analgesia for vaginal delivery. This fact was observed in 8.5%
of our patients.

We found that older maternal age and longer duration of
labor analgesia were associated with higher odds ratio of
cesarean, whereas the administration of oxytocin after anal-
gesia reduced the probability of a change in the type of
delivery, in this case, more vaginal deliveries.

An observational study revealed an association between
advanced maternal age and cesarean delivery by showing
that primiparous women aged between 35 and 39 years had
twice the risk of cesarean section, whereas women aged 40
years or older had this risk tripled.> Studies have shown that
cesarean rates are higher in women aged 35 years or older
and that women over 40 years are at greater risk for emer-
gency cesarean.*'* This association occurs regardless of the
administration of neuraxial analgesia during labor. Possible
explanations for the increased chance of cesarean section
with increasing maternal age may be the decline in physio-
logical functions, such as those of the genital tract and its
muscles, uterine muscle and hormonal system. The

contractile function of uterine myometrial cells likely
becomes less responsive to oxytocin or prostaglandins with
aging, causing differences in the duration of labor.'®

Regarding the increased risk of cesarean with prolonged time
under analgesia, a positive relationship between analgesia and
the extension of the first stage of labor has been observed.®
The interruption of painful stimuli reduces uterine activity due
to decreased release of mediators involved in uterine contractil-
ity, such as prostaglandin F2« and oxytocin, resulting in a slowed
labor progression.” However, neuraxial analgesia reduces
plasma adrenaline levels, which may favor uterine contractility
and potentially shorten the duration of labor.'®

Neuraxial analgesia may also prolong the second stage of
labor.""® There is decreased effectiveness of maternal expul-
sive efforts due to abdominal muscle relaxation and reduced
coordination of efforts during uterine contractions, in addition
to pelvic diaphragm relaxation, which impairs fetal head rota-
tion and engagement.?’ Cheng and collaborators observed that
patients under neuraxial analgesia had a one-hour longer dura-
tion of the second stage of labor than did those undergoing labor
without analgesia.?' Lawson and collaborators reported that the
mean duration of the second stage of labor was approximately
30 minutes longer with neuraxial analgesia, in addition to a two-
fold-increased risk in cesarean delivery. '

Neuraxial analgesia during labor may result in a significant
extension of both the dilation and fetal expulsion phases. How-
ever, some studies have failed to associate longer analgesia
duration with a corresponding increase in cesarean rates,?>23
which contrasts with the findings of our study.

Oxytocin is used to induce labor, augment uterine contrac-
tility, and manage labor progression. However, it can be asso-
ciated with an elevated risk of instrumental vaginal delivery
and cesarean.?* In patients in prolonged labor, oxytocin can
shorten the time of labor by approximately two hours without
significantly increasing the risk of cesarean or neonatal
morbidity.2>%¢ A positive association between labor analgesia
and oxytocin administration is observed.?” This may be attrib-
uted to the fact that epidural analgesia prolongs labor, espe-
cially the second stage, leading to the use of oxytocin to
intensify uterine contractions and promote labor progression.
Furthermore, neuraxial analgesia reduces plasma levels of
endogenous oxytocin, justifying the more frequent use of
exogenous oxytocin for labor induction.

In the present study, not using oxytocin during labor anal-
gesia was the factor with the highest statistical weight in
the predictive final model for cesarean. However, our data
diverge from previous studies, which did not show any dif-
ferences in cesarean rates when oxytocin was used for aug-
mentation of spontaneous labor.Z®

The final model constructed with three predictor varia-
bles demonstrated a moderate predictive performance for
unplanned cesarean delivery in parturients receiving analge-
sia for vaginal delivery, with an AUC of 71.8%. The construc-
tion of the predictive model involved progressive steps to
select significant predictive variables (step-up procedure),
based on the idea that a parsimonious model, i.e., with
fewer variables, is preferable to a more complex one. An
AUC with values between 70% and 90% is considered moder-
ate with respect to its discriminatory ability, whereas values
above 90% would indicate high predictive ability.?°

The predominant reasons for cesarean are labor dystocia,
which includes failure in cervical dilation and fetal descent,
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followed by changes in fetal heart rate, which may indicate
fetal distress.3® The main causes of cesarean delivery that
we observed were arrest of descent and fetal distress. Our
findings agree with those in the literature, which identified
arrest of descent as the most common indication for cesar-
ean, both for women who received and for those who did
not receive epidural analgesia.? ">

Our model can predict with moderate accuracy the
occurrence of an unplanned cesarean in patients expecting
to have a vaginal delivery under neuraxial labor analgesia. It
is the first predictive model involving parturients receiving
labor analgesia and may help doctors on changing treat-
ments, specifically according to the variables of our model,
to consider using oxytocin in older parturients in prolonged
time under analgesia. Nonetheless, the model still needs
external validation in different populations.

This study has some limitations. It is a single-center study
conducted in a public hospital, limiting its generalizability to
other types of maternity care units. There may also be other
unmeasured confounders as we did not investigate aspects
related to labor management, such as the frequency of pelvic
exams, the analysis of each stage of labor, the dose of oxytocin
administered, and the quality of uterine contractions after neu-
raxial analgesia. These factors could also help clarify some of
the discrepancies found when comparing our results with those
of other studies. However, we present a parsimonious predictive
model contributing to a better understanding of the magnitude
of factors associated with unplanned cesarean delivery in partu-
rients under labor analgesia for vaginal delivery. Although the
70%-30% split of the limited-size, single-center dataset may
have influenced the final model, it achieved good performance
metrics. Although we performed techniques to support the
internal validation of the model such as train-test split, Hosmer-
Lemeshow goodness-of-fit test, bootstrapping, and LASSO, the
step-up approach might have led to an overfitting of the model,
as suggested by the calibration plot. Nonetheless, as suggested
by the decision curve, the model offers potential clinical utility
in a fair range of threshold probabilities for identifying parturi-
ents who may require cesarean delivery. This study represents
only the first of several steps for developing a practical tool to
support medical decision-making. Future studies should test and
validate the proposed model in multiple medical centers before
it becomes available for clinical use.

Conclusion

Among parturients undergoing labor neuraxial analgesia for
vaginal delivery, 28.4% had unplanned cesareans. The set of
variables, older age, longer time under analgesia, and not
using oxytocin during analgesia increased the odds of a
cesarean delivery, with moderate predictive value. The
most common causes for cesarean delivery in these patients
were arrest of descent and fetal distress. This is a prelimi-
nary study and, although the model shows moderate discrim-
inative ability, further prospective external validation is
needed before clinical application.
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KEYWORDS Abstract

Analgesia; Background: Opioid Epidural Labor Analgesia (OLEA) is commonly used during labor. However,
Epidural; opioid use has been associated with adverse effects on maternal and fetal outcomes. Medica-
Infant; tions administered during epidural analgesia are systemically absorbed; therefore, we per-
Mothers; formed a retrospective cohort study to investigate whether Opioid-Free Labor Epidural
Opioid epidemic; Analgesia (OFLEA) is comparable to OLEA regarding maternal and infant outcomes at delivery.
Pregnancy outcome Methods: Of 1,423 patients initially identified, we excluded those with twin deliveries, dupli-

cate records, or incomplete data. We then matched 1:1 on the mother’s age, including 618
patients for final data analysis. Our OLFEA group included an epidural solution of 0.2% ropiva-
caine, while our OLEA group included an epidural solution of 0.1% ropivacaine + 250 mcg fenta-
nyl. Wilcoxon rank-sum tests were performed to assess our primary outcome of time-weighted
pain scores before and after epidural placement. Secondary outcomes included duration
(minutes) of maternal hypotension, tachycardia, and bradycardia episodes during labor, and inci-
dence of neonatal fever, C-section, and Apgar scores (1 and 5 mins after delivery).

Results: There was no significant difference between the OLEA and OFLEA groups in the time-
weighted pain scores during labor before epidural placement. However, the time-weighted pain
score was significantly lower in the OFLEA group (1.05 £ 1.52) compared to OLEA (1.43 + 1.77,
p = 0.006). Similarly, maximum pain scores after epidural were lower in OFLEA (3.32 & 3.23) vs.
OLEA (3.87 + 3.33, p = 0.03). There were no significant differences in maternal hemodynamic
events, Apgar scores, neonatal fever, or cesarean delivery rates.
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Conclusions: OFLEA is a safe and feasible alternative to OLEA. Avoidance of opioids may support
safer maternal and neonatal care in obstetric anesthesia.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Each year, there are approximately 140 million births glob-
ally.” In the United States, Opioid Epidural Labor Analgesia
(OLEA) is used in most births.? The burgeoning interest in
opioid-free labor epidural analgesia stems from the escalat-
ing need to identify non-inferior alternatives to traditional
opioid-based methods. This interest is driven by the growing
recognition of the potential risks associated with even a sin-
gle use of opioids during labor, which includes the possibility
of Neonatal Opioid Withdrawal Syndrome (NOWS), maternal
respiratory depression, and the initiation of long-term opi-
oid dependence.??

In addition, epidural opioids adversely affect mothers
before and after delivery (sedation, hypoxemia, hypoten-
sion, prolonged labor, itching, nausea and/or vomiting,
infants’ health, and prolonged hospital stay).®® Avoiding
opioids in epidural solutions is a unique approach because
most of it is systemically absorbed and is not necessarily bet-
ter than giving systemic opioids. Despite this emerging prob-
lem, mother and baby are exposed to around 600 mcg of
intravenous fentanyl equivalent dose during normal vaginal
delivery.® It would be clinically impactful if opioid-to-opioid-
free epidural analgesia is as effective as continuous opioid
epidural labor analgesia.

We, therefore, tested three main aims regarding OFLEA
performance. Our primary aim was to determine if OFLEA is
as effective as OLEA regarding labor pain management. We
hypothesized that OFLEA is non-inferior to OLEA in regards
to time weight average and highest pain scores during labor.
Our second aim was to determine whether continuous OFLEA
reduces the duration of hypotension (Mean Arterial Pressure
[MAP] < 65 mmHg) and/or tachycardia (> 90 beats.min™)
and/or desaturation (< 90%) compared to OLEA. We hypoth-
esized that the duration of hypotension, tachycardia, and
desaturation would decrease in the OFLEA cohort. Lastly,
our third aim was to study the effect of OFLEA on infant out-
comes (Apgar scores and if required O,, intensive care unit
admission) and maternal delivery outcomes (fever and inci-
dence of cesarean section). We hypothesized that infant
outcomes would improve in the OFLEA cohort. Our primary
study hypothesis was that OFLEA is non-inferior to OLEA
regarding these three aims.

Methods
Data source

This retrospective cohort study intended to study outcome
differences in OFLEA and OLEA in labor pain management,
intraoperative events, and infant outcomes. The protocols
used were developed by authors at the University of Texas
Medical Branch Department of Anesthesiology. The study
was reviewed and given approval by the Institutional Review

Board (IRB# 22-0149, 21-Jun-2022), and written informed
consent was waived by the IRB. All data utilized in this study
is from patients enrolled at UTMB between the dates of
December 1, 2021, and June 9, 2022. This study adheres to
the applicable STROBE guidelines.

Cohort selection and development

The two experimental cohorts received epidural solutions of
either continuous 0.1% ropivacaine + 250 mcg fentanyl
(OLEA) or solely 0.2% ropivacaine (OFLEA). All parturients in
our study received continuous epidural infusion (10-13 mL.
hr'') with Patient-Controlled Epidural Analgesia (PCEA)
enabled (4 mL bolus, 15-minute lockout). The only differ-
ence between groups was the epidural solution: the OFLEA
group received 0.2% ropivacaine, whereas the OLEA group
received 0.1% ropivacaine with 250 mcg fentanyl added to
the epidural infusion bag. No initial bolus was administered;
analgesia was provided solely through continuous infusion.
All parturients requesting epidural analgesia for delivery at
UTMB Health between December 1, 2021, and June 9, 2022.

Participants were identified using the Epic Electronic
Medical Record to stratify for an initial n = 1423 (OFLEA
n = 330, OLEA n = 1093). We included pregnant women aged
18-50 years of any parity and race who delivered under epi-
dural spinal anesthesia during hospital admission. Those
whose diagnostic criteria had not been clearly documented
or established, patients of gestational age before 24 weeks
who presented to the labor and delivery unit, and those who
did not receive epidural anesthesia during hospital admis-
sion were excluded from the study. Patient characteristics
including age, mode of delivery, and mode of anesthesia
were obtained from chart review. After removing patients
having twin deliveries that were duplicated in either group
or who had extraneous amounts of missing values, we
arrived at a total n = 1346 (OFLEA n = 310, OLEA n = 1036).
Matching (1:1) on the mother’s age gave a final total of
n =618 (OFLEA/OLEA n = 309) (Fig. 1).

Statistical analysis

For Aim 1, a non-parametric, Wilcoxon rank-sum test (Mann-
Whitney U), average time-weighted pain scores and max
pain scores during labor across OFLEA and OLEA groups were
used. For Aim 2, we also utilized a non-parametric Wilcoxon
rank-sum test to assess the total duration of episodes of
tachycardia (> 90 beats.min™"), hypotension (< 65 mmHg,
MAP), and hypoxemia (< 90% O, sat) during labor. For Aim 3,
the newborn’s outcome Apgar score equality was also
checked with a non-parametric, Wilcoxon rank-sum test. If
specific markers were found statistically significant, a linear
regression model was created for the outcome. We found
time-weighted pain score during labor after epidural and
max pain score were significant and hence followed by mul-
tiple linear regression model adjusted for age, ethnicity,



Brazilian Journal of Anesthesiology 2026;76(3): 844750

Total N =1,423

OFLEA
N =330

NON OFLEA
N=1,093

N

Removingtwin deliveries & duplicate who appeared in both groups
Total N = 1,404

OFLEA
N =323

NON OFLEA
N=1,081

NS

Excluding subjects who had extreme or missing values on labor duration
Total N =1,036

OFLEA
N=310

NON OFLEA
N=1,036

N

Random 1:1 Match on subjects age
Total N =618 (OFLEAN =309, NON OFLEA = 309)

Figure 1

and fever, selected based on their potential to confound the
relationship between treatment and pain outcomes.

Results

A total of 618 age-matched parturient were included in the
final data analysis. The OFLEA and OLEA groups consisted of
309 patients. The mean age in both groups was 26.64 years
(SD = 5.59); 59.87% of participants identified as Hispanic
(n = 370) and 45.31% of patients experienced fever during
labor (n = 280) (Table 1); 80.74% (n = 499) of patients deliv-
ered via normal spontaneous vaginal birth, 12.94% (n = 80)
had a cesarean delivery, 3.24% (n = 20) had a vaginal, vac-
uum assisted delivery, as well as 1 breech and 1 forceps
assisted deliveries.

Time-weighted and max pain scores after epidural
placement

There was no significant difference between the two groups
(OLEA and OFLEA) in the time-weighted pain score during
labor before epidural placement. The time-weighted pain
score (mean =+ SD) before epidural for the OLEA group was
2.268 + 2.217 vs. 2.617 + 2.063 in the OLFEA group
(p = 0.15). The time-weighted pain score during labor after
epidural placement in the OFLEA group was statistically sig-
nificantly lower than the OLEA group. The time-weighted
pain score (mean =+ SD) after epidural for the OLEA group
was 1.430 + 1.77 vs. 1.054 = 1.517 in the OLFEA group
(p = 0.0057). The parameter estimates for the linear model
for the time-weighted pain scored during labor after epidu-
ral was -0.413 (95% Cl -0.682, -0.144) (p = 0.0035). The max
pain score during labor before epidural was not significantly
different between groups. The max pain score (mean =+ SD)
before epidural for the OLEA group was 5.802 + 2.647 vs.

Flow diagram.

5.756 + 2.655 in the OFLEA group (p = 0.9058). The OFLEA
group had a significantly lower max pain score during labor
after epidural versus the OLEA group. The max pain score
during labor after epidural for the OLEA group was 3.866 +
3.325 vs. 3.318 + 3.233 for the OFLEA group (p = 0.0345).
The parameter estimates for the linear model for the max
pain score during labor after epidural was -0.534 (95% ClI
-1.076, 0.0077) (p = 0.0881) (Table 2).

Table 1 Demographics of study participants.

Age (Mean, SD) 26.64 5.59
Fever

No 338 54.69%
Yes 280 45.31%
BMI (Mean, SD) 33.44 6.34
Weight (Mean, SD), kg 86.37 18.47
ASA Class

2 520 84.14%
3 98 15.86%
Gestational Age (Mean, SD), day 268.6 14.73
Gestational Age (Mean, SD), week 38.37 2.1
Ethnicity

Hispanic 370 59.87%
Not Hispanic 248 40.13%
Delivery Type

Normal Spontaneous Vaginal Birth 499 80.74%
C-Section, Low Transverse 80 12.94%
Vaginal, Vacuum (Extractor) 20 3.24%
Vaginal Birth after Cesarean Section 15 2.43%
Other (See Comments) 2 0.32%
Vaginal, Breech 1 0.16%
Vaginal, Forceps 1 0.16%
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Table 2 Mean time weighted pain scores for OLEA and OFLEA.

Time-weighted pain score during 2.87 (2.22) (2.62, 3.12) 2.62 (2.06) (2.39, 2.85) 0.15
labor before epidural

Time-weighted pain score during 1.43 (1.77) (1.23, 1.63) 1.05 (1.52) 0.88 (1.23) 0.0057°
labor after epidural

Max pain score during labor before 5.8 (2.65) (5.51, 6.1) 5.76 (2.65) (5.46, 6.05) 0.9058
epidural

Max pain score during labor after 3.87 (3.33) (3.48, 4.25) 3.32(3.23) (2.95, 3.69) 0.0345°
epidural

Outcome Variable Intercept R-square OFLEA Estimate 95% Cl p-value

Time-weighted pain score during 1.5 0.031 —0.413 (—0.682, —0.144) 0.0035%
labor after epidural

Max pain score during labor after 3.72 0.017 —0.534 (—1.076, 0.0077) 0.0881
epidural

Sensitivity analysis with different margin for non-inferiority

Margin (A) Observed Distance from Power

Difference Margin

1 —0.3763 0.6237 19.70%

0.75 —0.3763 0.3737 92.30%

1.5 —0.3763 1.1237 99.10%

@ Provides statistical significance at 0.05 level.

Notes: p-values come from nonparametric Wilcoxon rank-sum tests since the data points do not follow normality assumptions. Each linear
model was adjusted for age, ethnicity, and fever. Asterisk provides statistical significance at 0.05 level. For the time-weighted pain score
during labor after epidural outcome, the p-value is significant. The parameter estimate described as using OFLEA will decrease 0.413 unit

time-weighted pain score during labor after epidural.

Hypotension, tachycardia, and bradycardia episodes
during labor

The total duration (minutes) of tachycardia episodes during
labor before epidural was not significantly different
between groups. The total duration of tachycardia episodes
during labor before epidural (mean + SD) for the OLEA group
was 200.04 + 337.56 vs. 154.98 + 296.64 for the OFLEA
group (p = 0.2463). The median (IQR) total duration of tachy-
cardia episodes during labor before epidural for the OLEA
group was 54.50 (0 to 222.00) vs. 45 (0 to 167.00) for the
OFLEA group (p = 0.2463). The total duration (minutes)
of tachycardia episodes during labor after epidural was
not significantly different between groups. The total
duration of tachycardia episodes during labor after epidu-
ral (mean =+ SD) for the OLEA group was 132.85 + 181.40
vs. 128.59 + 226.10 for the OFLEA group (p = 0.0532).
The median (IQR) total duration of tachycardia episodes
during labor after epidural for the OLEA group was 61
(3.50 to 197.00) vs. 30 (0 to 150.00) for the OFLEA group
(p = 0.0532) (Table 3).

The total duration (minutes) of hypotension episodes dur-
ing labor before epidural was not significantly different
between groups. The total duration of hypotension episodes
during labor before epidural (mean =+ SD) for the OLEA group
was 2.57 + 7.75 vs. 4.58 + 10.31 for the OFLEA group
(p = 0.6252). The median (IQR) total duration of hypotension

episodes during labor before epidural for the OLEA group
was 0.0 (0.0 to 0.0) vs. 0.0 (0.0 to 0.0) for the OFLEA group
(p = 0.6252). The total duration (minutes) of hypotension
episodes during labor after epidural was not significantly dif-
ferent between groups. The total duration of hypotension
episodes during labor after epidural (mean =+ SD) for the
OLEA group was 3.92 + 10.87 vs. 6.66 + 21.19 for the OFLEA
group (p = 0.6724). The median (IQR) total duration of hypo-
tension episodes during labor after epidural for the OLEA
group was 0.0 (0.0 to 2.0) vs. 0.0 (0.0 to 0.0) for the OFLEA
group (p = 0.6724) (Table 3).

The total duration (minutes) of bradycardia episodes
during labor before epidural was not significantly different
between groups. The total duration of bradycardia epi-
sodes during labor before epidural (mean + SD) for the
OLEA group was 32.11 £+ 68.17 vs. 23.17 + 48.41 for the
OFLEA group (p = 0.3296). The median (IQR) total duration
of bradycardia episodes during labor before epidural for
the OLEA group was 0.0 (0.0 to 30.0) vs. 0.0 (0.0 to 30.0)
for the OFLEA group (p = 0.3296). The total duration
(minutes) of bradycardia episodes during labor after epi-
dural was not significantly different between groups. The
total duration of bradycardia episodes during labor after
epidural (mean + SD) for the OLEA group was 16.95 +
40.87 vs. 31.74 + 59.02 for the OFLEA group (p = 0.2388).
The median (IQR) total duration of bradycardia episodes
during labor after epidural for the OLEA group was 0.0
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Table 3

Total duration (minutes) of episodes
of tachycardia during labor
before epidural

Total duration (minutes) of episodes
of tachycardia during labor after
epidural

Total duration (minutes) of episodes
of hypotension during labor
before epidural using BP

Total duration (minutes) of episodes
of hypotension during labor after
epidural using BP

Total duration (minutes) of episodes
of bradycardia during labor
before epidural

Total duration (minutes) of episodes
of bradycardia during labor after
epidural

200.04 (337.56)

132.85 (181.40)

2.57 (7.75)

3.92 (10.87)

32.11 (68.17)

16.95 (40.87)

(157.99, 242.09)

(109.78, 155.92)

(—0.33, 5.46)

(1.40, 6.44)

(11.39, 52.84)

(3.7, 30.2)

Mean duration of adverse events during OLEA and OFLEA labor.

154.98 (296.64) (118.39, 191.56)  0.2463

128.59 (226.10) (100.81, 156.36)  0.0532

4.58 (10.31) (0.23, 8.94) 0.6252

6.66 (21.19) (1.91, 11.40) 0.6724

23.17 (48.41) (9.11, 37.22) 0.3296

31.74 (59.02) (14.41, 49.07) 0.2388

Notes: p-values come from nonparametric Wilcoxon rank-sum tests since the data points do not follow normality assumptions. Since none
of the p-values are statistically significant at a 0.05 level, we did not fit regression models. Since the standard deviations are quite high,
we also reported the interquartile ranges (Q1 to Q3), and this range shows the middle 50% of values when ordered from lowest to highest.
Value of Q1 can be explained as the value under which 25% of data points are found when they are arranged in increasing order. Value of
Q3 can be explained as the value under which 75% of data points are found when they are arranged in increasing order.

(0.0 to 15.0) vs. 0.0 (0.0 to 30.0) for the OFLEA group
(p = 0.2388) (Table 3).

Incidence of maternal labor side effects

The number of patients who experienced at least 1 episode
of tachycardia during labor before epidural for the OLEA
group was 250 (80.91%) vs. 255 (82.52%) for the OFLEA
group. The incidence, n (%), of patients that experienced at
least 1 episode of tachycardia during labor after epidural for
the OLEA group was 240 (77.67%) vs. 257 (83.17%) for the
OFLEA group (Table 4).

The number of patients that experienced at least 1 epi-
sode of hypotension during labor before epidural for the
OLEA group was 30 (9.71%) vs. 24 (7.77%) for the OFLEA
group. The incidence, n (%), of patients that experienced at
least 1 episode of tachycardia during labor after epidural for
the OLEA group was 74 (23.95%) vs. 79 (25.57%) for the
OFLEA group (Table 4).

The number of patients that experienced at least 1 epi-
sode of bradycardia and during labor before epidural for the
OLEA group was 44 (14.24%) vs. 24 (15.53%) for the OFLEA
group. The incidence, n (%), of patients that experienced at
least 1 episode of bradycardia during labor after epidural for
the OLEA group was 39 (12.62%) vs. 47 (15.21%) for the
OFLEA group (Table 4).

Neonatal outcomes

There was no significant difference in Apgar scores for the
infants both 1-minute and 5 minutes from delivery. The
Apgar score for the infant 1-min from delivery (mean =+ SD)

Table 4
OFLEA.

At least 1-episode of tachy- 250 (80.91) 255 (82.52)
cardia during labor
before epidural

At least 1-episode of tachy-
cardia during labor after
epidural

At least 1-episode of hypo-
tension during labor
before epidural using BP

At least 1-episode of hypo-
tension during labor after
epidural using BP

At least 1-episode of brady-
cardia during labor
before epidural

At least 1-episode of brady-
cardia during labor after
epidural

Number of maternal labor side effects OLEA and

240 (77.67) 257 (83.17)

30 (9.71) 24 (7.77)
74 (23.95) 79 (25.57)
44 (14.24) 48 (15.53)

39 (12.62) 47 (15.21)

Notes: This table shows the number and percentages of subjects
who experienced at least one episode for each of the above
characteristics during pre and post epidurals. For example, out
of 309 ‘No OFLEA’ subjects, 250 (80.91%) subjects experienced
at least 1 episode of tachycardia during labor before epidural
and 255 (82.52%) ‘OFLEA yes’ subjects experienced at least one
episode of tachycardia before epidural. All other variables/char-
acteristics can be described in a similar way.
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Table 5 Mean Apgar scores for OLEA and OFLEA groups.

Apgar score for baby 1-min from delivery
Apgar score for baby 5 min from delivery

7.89 (1.29)
8.76 (1.16)

(7.74, 8.05)
(8.62, 8.89)

0.0892
0.5748

7.82 (1.26)
8.74 (1.17)

(7.67,7.97)
(8.6, 8.88)

Notes: p-values come from nonparametric Wilcoxon rank-sum tests since the data points do not follow normality assumptions. As none of
the p-values are statistically significant at the 0.05 level, we did not fit regression models.

for the OLEA group was 7.896 + 1.29 vs. 7.819 + 1.26 for the
OFLEA group (p = 0.0892). The Apgar score for the infant 5
min from delivery (mean =+ SD) for the OLEA group was 8.760
+ 1.16 vs. 8.743 + 1.174 for the OFLEA group (p = 0.5784)
(Table 5).

There was also no significant difference in the incidence
of fever in neonates between the OFLEA and OLEA groups;
141 (45.63%) neonates in the OLEA group developed fever
after delivery compared to 139 (44.98%) in the OFLEA group
(p = 0.872). In contrast, 168 neonates in the OLEA group did
not develop fever compared to 170 (55.02%) neonates in the
OFLEA group (Table 6).

Lastly, no significant difference was identified in the inci-
dence of C-section delivery between the OFLEA and OLEA
groups; 47 patients (15.21%) underwent a C-section in both
the OFLEA and OLEA groups, while 262 patients (84.79%) did
not have a C-section in both the OFLEA and OLEA groups
(p = 1.000) (Table 6).

Discussion

Our retrospective cohort study studied the effect of OFLEA
on pain reduction after epidural placement in 618 patients
compared to OLEA. We found that OFLEA was non-inferior to
OLEA after epidural placement in the reduction of pain
scores. One meta-analysis identified similar findings of non-
inferiority of OFLEA both immediately and 24 hours postpar-
tum.'® Multimodal analgesia has also been used to achieve
similar pain-free responses; one study found a higher dose of

compared to propofol with remifentanil."" Our study used a

similar approach of administering a higher concentration of
ropivacaine in our OFLEA group. Studies further investigat-
ing the use of multimodal labor analgesia regimens are nec-
essary to identify avenues to improve pain control.

The OFLEA group in our study used a higher concentration
of ropivacaine compared to the OLEA group. A study compar-
ing postoperative pain after epidural analgesia using 0.5%
ropivacaine compared to 0.75% ropivacaine and 0.5% bupiva-
caine found greater pain control with a higher concentration
of local analgesia.'? Although this may not be generalizable
to labor, it shows its efficacy as a modality of local analgesia.
Another study using 0.0625% bupivacaine/0.0002% fentanyl
compared to 0.125% bupivacaine identified no significant
difference in pain control during any stage of labor."® This
dose-dependent effect of local analgesia may partly be
explained by a faster onset of sensory and motor loss.™ In
our study, a higher concentration of local analgesia in the
OFLEA regimen may explain the noninferiority in pain con-
trol. Another benefit of using a higher local analgesic con-
centration can be attributed to lower side effect profiles in
the OFLEA group. Opioid analgesia is associated with adverse
effects that may contribute to pain, most notably opioid-
induced hyperalgesia.''® This has been shown to contribute
to greater levels of pain after labor despite its intended
perioperative use.'® A meta-analysis of opioid anesthesia on
postoperative hyperalgesia found that high doses of remifen-
tanil were associated with small yet significant increases in
pain levels postoperatively; however, other studies have
demonstrated no change in pain levels in surgical patients

propofol alone was needed to achieve loss of response  with opioid anesthesia regimens.'”'®
Table 6  Fever and C-Section Incidence in OLEA and OFLEA groups.
Total 618 309 (50) 309 (50)
Fever
No 338 168 (54.37) 170 (55.02) 0.872
Yes 280 141 (45.63) 139 (44.98)
C-section
No 524 262 (84.79) 262 (84.79) 1.000
Yes 94 47 (15.21) 47 (15.21)

Notes: Percentages shown as column percentage. For example, variable ‘Fever’ percentages can be described as: among 309 No OFLEA sub-
jects, 168 (54.37%) had fever and 141 (45.63%) had no fever. On the other hand, among 309 ‘OFLEA’ subjects, 170 (55.02%) had fever and 139
(44.98%) had no fever. C-Section generated from delivery type information. So, if the delivery type included ‘C-Section low transverse’ or ‘vag-
inal birth after cesarean section’ they were flagged as C-section. The p-values come from the Chi-Square test. As none of the p-values are sig-
nificant at the 0.05 level, we can conclude that there is no association between fever and OFLEA (yes/no) C-section and OFLEA.

6



Brazilian Journal of Anesthesiology 2026;76(3): 844750

We also studied the effects of OFLEA on the duration of
episodes of tachycardia, hypotension, and bradycardia
before and after labor. In this study, OLEA was non-inferior
compared to OFLEA after epidural placement in duration of
these adverse effects. One meta-analysis found that in
select surgeries, opioid-free regimens significantly reduced
duration of tachycardia, hypotension, and bradycardia with-
out compromising pain control; however, two studies found
contrasting evidence, reporting increases in the duration of
these episodes when using opioid-free analgesia; one study,
in particular, found that a dexmedetomidine dose of 0.4 to
1.4 ug.kg'.h" is associated with severe episodes of brady-
cardia compared to an opioid-only regimen. Bradycardia was
the most significant adverse effect reported in these two
studies, while there were no differences in rates of tachy-
cardia and hypotension between OFLEA and OLEA."®2" Possi-
ble explanations for this finding are medication-related and
dose-dependent effect on adverse outcomes, as a high-dose
unimodal opioid-free regimen of dexmedetomidine was used
in Beloeil et. al.?° Our data showed no significant difference
in these outcomes when using unimodal ropivacaine. Previ-
ous literature has shown that dose reduction can be
achieved using multimodal analgesia compared to unimodal
analgesia to reduce adverse effects without compromising
pain control.?? Studies using these regimens compared to
opioid-inclusive anesthesia are needed to explain further
differences in adverse outcomes and potentially identify a
dosage that balances adequate pain control with side effect
profile optimization.

We lastly studied rates of neonatal Apgar scores, fever
incidence, and rates of C-section between OFLEA and OLEA.
Our study showed that OFLEA is non-inferior to OLEA in
terms of neonatal outcomes after delivery. While literature
regarding this data is limited, the existing literature has not
found an association between epidural analgesia and neona-
tal outcomes; the common doses of OLEA show no significant
effect on Apgar scores and C-section rates.?>2* One study
did show that epidural analgesia is associated with slightly
lower (but above 7) Apgar scores in neonates who were
exposed to labor epidural analgesia compared to non-epidu-
ral analgesia.?® Our lack of differences in neonatal outcomes
may be due to potential underpowering of the study. Larger,
multi-centered randomized controlled trials would be bene-
ficial to further delineate the impact of OFLEA on neonatal
outcomes. Neonatal withdrawal syndrome may be associ-
ated with maternal opioid usage during pregnancy, but no
study has identified this association in the intrapartum set-
ting. Overall, our study findings concurrent with existing lit-
erature suggest that OFLEA may be a safer alternative for
neonates.

Limitations

Our study has several limitations. We performed a single-
center retrospective cohort study, which limits our power
and generalizability. We also did not use the total volume or
dose (mL) of local anesthetic administered, which limits our
ability to fully evaluate dose-dependent effects on analgesia
and motor block. The higher concentration of ropivacaine
used in the OFLEA group (0.2% vs. 0.1% in OLEA) may have
influenced outcomes and represents a potential confounder.
We also did not include maternal side effects such as

pruritus, nausea, or vomiting. Further, patient records were
not all homogenous which may contribute to the variability
seen in some of the data, such as pain scores and duration of
maternal adverse outcomes. Our study population is not
fully representative of American or global populations. Our
average age at delivery was similar to 2021 national statis-
tics (26.64 vs. 27.3). A large portion of our study population
was Hispanic (n = 370, 59.87%) compared to 24.2% of moth-
ers in 2021. The majority of our patient population under-
went spontaneous vaginal delivery (n = 499, 80.74%) while
the 2021 national percentage was 65.7%. Our cesarean deliv-
ery rates were lower than national rates (n = 80, 12.94% vs.
32.1%). Our Vaginal Birth After Cesarean Delivery (VBAC)
rates were lower than 2021 averages (n = 15, 2.43% vs.
13.5%).2° These differences reflect institutional practice
patterns that may not be generalizable to other centers.
Additionally, we matched groups only on maternal age and
did not adjust for other important obstetric factors such as
parity, body mass index, comorbidities, or labor duration.
Residual confounding is therefore likely, and unmeasured
differences between groups could have influenced the out-
comes. In addition, motor block and ambulation were not
assessed in our retrospective data. These outcomes are fun-
damental when comparing local anesthetic concentrations,
as higher doses can impair maternal mobility and affect the
course of labor. The inability to evaluate motor block or the
ability to walk is therefore an important limitation of our
analysis.

Conclusions

Our study findings suggest that OFLEA can be used as a safer
alternative to OLEA. OFLEA is non-inferior to OLEA regarding
maternal peripartum pain scores, adverse effects, and neo-
natal outcomes. Future studies identifying differences
between OFLEA and OLEA will help tease the differences
between these two modalities of analgesia, as the avoidance
of opioid analgesia is a potential future alternative to OLEA;
prospective trials are warranted to establish safety and effi-
cacy.
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KEYWORDS Abstract

Anestesiologists; Background: Nitrous Oxide (N,O) is a potent greenhouse gas with significant environmental

Climate change; impact and is currently the leading ozone depleting substance in use. Despite its long-standing

General anesthesia; role in anesthetic practice, data on N,0 use and the environmental awareness of Brazilian anes-

Nitrous oxide N,0; thesiologists are scarce. This study aimed to describe patterns of N,O use and assess the level of

Occupational awareness among anesthesiologists regarding its environmental impact.

exposure Methods: A nationwide cross-sectional survey was conducted among anesthesiologists in a pri-
vate Brazilian hospital network. The questionnaire addressed the frequency of N,O use in adult
and pediatric anesthesia, knowledge of its environmental effects, and attitudes toward its con-
tinued availability.
Results: Of 1,238 eligible anesthesiologists, 941 completed the survey (response rate 76%).
Overall, 59.3% (n = 558) reported never using N,O in adult patients, while 14.5% (n = 136)
reported frequent or constant use. In pediatric patients, 27.5% (n = 259) reported never using
N,O, and 38.9% (n = 366) reported frequent or constant use. Eighty percent (n = 753) indicated a
reduction in N,O use since the beginning of their careers, and 34.5% (n = 325) were unaware of
its contribution to climate change. Age and years of professional experience were directly pro-
portional to N,O use in adults (p < 0.05), while awareness of its environmental impact was
inversely associated with use in pediatric cases (p < 0.05).

* Corresponding author.
E-mail: Leopoldo_muniz@hotmail.com (L.M. Silva).
" These authors have contributed equally to this work and share senior authorship.

https://doi.org/10.1016/j.bjane.2026.844739
0104-0014/© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).



L.M. Silva, R.S. Nersessian, A.C. Aradjo et al.

Conclusion: The survey demonstrates a shift toward reduced N,O use, particularly among youn-
ger anesthesiologists, although substantial use in adult practice remains. Persistent knowledge
gaps highlight the importance of targeted education and policy interventions to mitigate envi-

ronmental impact.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The global average surface temperature has increased
~1.1°C compared to pre-industrial levels. Projections indi-
cate that surpassing a 1.5°C increase by 2050 may signifi-
cantly hinder global capacity to adapt to the impacts of
climate change.'-? Within healthcare systems, inhaled anes-
thetics, particularly Nitrous Oxide (N,0), are recognized as
substantial contributors to greenhouse gas emissions.
According to the Intergovernmental Panel on Climate
Change (IPCC), N,O is the third most prevalent anthropo-
genic greenhouse gas worldwide and has a global warming
potential over 100 years (GWP,4,) of 273, more than double
that of sevoflurane (GWP.oo = 130).> This high warming
potential, combined with its status as the leading ozone-
depleting agent currently in use, raises concerns about its
unrestricted use in healthcare. Furthermore, N,O stands as
the leading ozone-depleting agent currently in use.*

Despite its environmental implications, the clinical use of
N,O in hospital settings is not comprehensively documented
and understood, and its application spans various settings,
from pediatric anesthesia to labor analgesia.> A longitudinal
study conducted in a 1,300-bed tertiary UK hospital revealed
a significant decrease in N,0 use over 12 years, yet a quarter
of the physicians surveyed did not perceive it as a meaning-
ful contributor to climate change.® In the Brazilian context,
recent data from a quality improvement initiative con-
ducted in two quaternary hospitals in Sao Paulo demon-
strated that targeted educational and structural measures,
such as disconnecting anesthesia workstations from the cen-
tral N,O pipeline, reduced anesthesia-related N,0 CO,-
equivalent emissions by 82.5% without adverse clinical
effects.” This example shows that significant emission reduc-
tion is feasible, reinforcing the importance of understanding
current clinical practice patterns and practitioners’ level of
awareness as a baseline for future interventions.

Recognizing anesthesiologists’ awareness of the environ-
mental effects of inhalational anesthetics, particularly N,O,
is crucial for guiding sustainable strategies, integrating eco-
consciousness into medical training, and promoting routine
emissions reporting.®® Furthermore, mapping current pat-
terns of N,0 usage can support targeted interventions aimed
at reducing environmental footprint through evidence-based
policy development.’® We hypothesized that awareness
among anesthesiologists regarding the environmental
impact of N,O remains limited and that clinicians with more
years of clinical practice are more likely to continue its use.
This could reflect a generational shift, with newer practi-
tioners opting for alternatives to N,O. This study aimed to
characterize the utilization patterns of N,O administration
among anesthesiologists employed within a private hospital
network in Brazil and to evaluate their understanding of its
ecological impact.

Materials and methods

This was a nationwide, cross-sectional, observational web-
based survey conducted across 72 private hospitals in Brazil
between October 2 and November 2, 2024. At the time of
data collection, no institutional policies or formal protocols
restricting the use of N,O were in place in the participating
hospitals. The study employed a nonprobability census sam-
pling approach that included all anesthesiologists actively
employed within the network during the data collection
period who had an active institutional registration, a valid
institutional email address, and departmental affiliation.
Anesthesiologists who did not meet these criteria (including
inactive or non-affiliated professionals) were excluded.
Heads of departments were contacted directly and asked to
forward the survey link, distributed via institutional email,
to all eligible anesthesiologists. This process resulted in a
total of 1,238 invitations. Participation was entirely volun-
tary and anonymous, and the survey proceeded only after
informed consent was obtained.

The questionnaire was distributed through the leads of
anesthesiology teams and department heads at 72 hospitals
located across all five Brazilian macro-regions. These institu-
tions represented the full hospital network operated by the
private healthcare group involved in the research. While the
network has national coverage, it is part of the private sec-
tor and therefore the sample does not necessarily reflect
the distribution of anesthesiologists in the entire Brazilian
healthcare system.

Surveys were completed via Google Forms® (Google, Cali-
fornia, USA), enabling respondents to answer at their conve-
nience. No identifying personal data beyond hospital
affiliation was collected aside from hospital name; no indi-
vidual selection or sampling techniques were applied, pro-
moting a comprehensive and inclusive collection of
perspectives. Respondents were unable to modify their pre-
vious answers, and the survey could not be paused and
resumed later. Only fully completed questionnaires were
considered for the final analysis. The estimated question-
naire completion time was 3 minutes. To ensure data integ-
rity, responses originated from duplicate IP addresses were
evaluated and excluded when confirmed. Additionally,
responses completed in under 30 seconds from a single IP
address were considered non-engaged and were removed
from the dataset.

Questionnaire design

The questionnaire was designed collaboratively by four anes-
thesiologists affiliated with the network’s quality improve-
ment department. Content validity was established through
review by a panel of six anesthesiologists with expertise in
clinical anesthesia, environmental sustainability, and quality
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improvement. The survey was then conducted with ten anes-
thesiologists from the same hospital network who were not
included in the final analysis. This pilot test evaluated the
clarity of questions, estimated completion time, and techni-
cal performance of the online survey tool. Minor adjustments
were made before the final distribution. The survey was
tested according to previously published guidelines."" To
maintain objectivity and reduce interpretive bias, the ques-
tionnaire employed close-ended, multiple-choice formats.

Based on the American Society of Anesthesiologists’ (ASA)
guidelines on environmentally sustainable anesthesia'? and
other key publications addressing environmental sustainabil-
ity in the perioperative setting,” "' we developed a struc-
tured survey aimed to explore the frequency and profile of
N,O utilization, as well as to assess the level of knowledge
regarding its environmental impact. The frequency of N,0
use in inhalational anesthesia for both adult and pediatric
patients was assessed using a five-point Likert scale with the
options “Never”, “Rarely”, “Sometimes”, “Often”, and
“Always”. The final questionnaire comprised 17 items,
divided into five sections: 1) Frequency of use in adult and
pediatric patients (Questions 6-8); 2) Fresh gas flow deter-
mination during inhalational induction (Question 9); 3) Fre-
quency with which respondents had observed gas flow
meters left open after the completion of anesthesia and
when the anesthesia workstation was no longer in use (e.g.,
post-transport, during room turnover, or prior to initiating a
subsequent anesthesia) (Question 10); 4) Perception of N,O
environmental impact, specifically related to global warm-
ing and ozone depletion (Questions 11-14); 5) Patterns in
N,O clinical use and the underlying motivations for its reduc-
tion or discontinuation (Questions 15-17). The questionnaire
was developed in Portuguese (Supplementary Tables 1-2).
The primary endpoint was the self-reported frequency of
N,O use in adult and pediatric anesthesia. Secondary end-
points included awareness of N,O’s environmental impact
and attitudes toward its continued availability. Potential
harm and/or adverse events were not applicable to this sur-
vey-based study.

This study followed the Checklist for Reporting Results of
Internet E-Surveys (CHERRIES)," the EQUATOR-endorsed
guideline for the design and reporting of web-based surveys
(see Supplementary Material for the completed checklist).
All procedures involving human participants were conducted
in compliance with the ethical standards established by the
institutional and national research committees, as well as
the principles of the Declaration of Helsinki. This study was
approved by the Institutional Research Ethics Committee
(Protocol n° 7,023,106; CAAE 82170024.0.0000.0087), and
the approval can be verified through the public registry at
Plataforma Brazil: https://plataformabrasil.saude.gov.br/
visao/publico/indexPublico. jsf.

Statistical analysis

To ensure that the number of responses would be sufficient
for the planned analyses, we calculated a minimum required
sample size of 294 participants using the formulan = Z2 x p
x (1 — p) / E2, where n represents the sample size, Z is the
Z score corresponding to a 95% confidence level, p is the
estimated population proportion, and E is the margin of
error set at 5%. Anticipating an overall survey response rate

between 40%-60% (based on previous institutional survey
experience and published literature on physician survey par-
ticipation), we invited all eligible professionals (n = 1,238).
Only fully completed questionnaires were included in the
final analysis. Incomplete or partially completed question-
naires were excluded from all analyses; therefore, no impu-
tation for missing data was performed. Responses
completed in less than 30 seconds from the same IP address
were considered non-engaged and excluded from the data-
set. A total of six questionnaires met these criteria and were
removed from the analysis.

Data normality distribution was assessed using the Sha-
piro-Wilk test. Categorical variables were analyzed using
the Chi-Square test to compare proportions. Continuous var-
iables were expressed as means and standard deviations for
normally distributed data, or as medians with interquartile
ranges otherwise. Non-parametric data were analyzed using
the Kruskal-Wallis test for comparisons involving three or
more categories, followed by Dunn’s post hoc method for
multiple comparisons when p < 0.05, and the Mann-Whitney
U test for comparisons between two categories. Adjusted
associations between the self-reported frequency of N,O
administration in adult and pediatric anesthesia (“occasion-
ally”, “frequently” or “always”) and clinician characteristics
were quantified as Odds Ratios (OR) with 95% Confidence
Intervals (95% Cl). Clinician characteristics included age,
years of professional experience, geographic region, and the
respondent’s belief that N,O contributes to climate change.
Multivariable logistic regression was performed with simul-
taneous entry of all covariates. A 95% Cl and p-value < 0.05
represented statistical significance. All analyses were con-
ducted using R software version 3.4.4 (R Foundation for Sta-
tistical Computing, Austria).

Results

All 72 hospitals contacted agreed to participate in the sur-
vey, and a total of 941 anesthesiologists answered the ques-
tionnaire, yielding a completion rate of 76%. The flow of
participants, including invitations, exclusions, and the final
analytical sample, is shown in Figure 1. The median age of

Eligibility
Total anesthesiologists invited (n = 1,238)

Responses received (n = 947)

Excluded (n=6)
* Duplicate IP addresses (n = 3)
*  Completion time < 30 seconds (n=3)

Final analytical sample (n=941)

Figure 1 Study flow diagram showing the number of anes-
thesiologists invited, responses received, exclusions, and the
final analytical sample.
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the participants was 40 (35-49) years, with a median time of
10 (5-21) years since completing medical residency (Supple-
mentary Figs. 1-2).

A five-point Likert scale was applied to assess the fre-
quency of N,O use in inhalational anesthesia for both adult
and pediatric patients. Regarding adult patients, 59.3%
(n = 558) of respondents reported never using N,0O, and 5.8%
(n = 55) reported frequent use (Fig. 2). Age and years of
experience were directly proportional to the frequency of
N,O use in adult patients (p < 0.05; Table 1). There was a sig-
nificant difference in the proportion of responses indicating
the use of N,O among adult patients by geographic location,
with the Southeast (14.2%) and South (14.9%) regions report-
ing the highest rates of “always”, “frequently”, and “occa-
sionally” use (p = 0.009) (Fig. 3; Supplementary Table 3).
Among those who reported N,0 use in adult patients
(n = 383), 15.1% (n = 58) indicated its use for inhalational
sedation, and 3.4% (n = 13) for labor analgesia.

The use of N,O in pediatric anesthesia was reported by
34% (n = 320) of participants (Fig. 2). Unlike in adult prac-
tice, neither age nor professional experience were associ-
ated with N,O use in pediatric patients (p > 0.05; Table 1).
There was no difference in the frequency of N,0 use in pedi-
atric patients across geographic regions (p = 0.38).

Regarding the method for defining Fresh Gas Flow (FGF)
during inhalational induction, FGF based on patient weight
(~120 mL/kg/min") was reported by 35.9% (n = 338), while
27% (n = 334) indicated using an FGF of 10 L/min or more,
regardless of the patient’s weight (Table 1). Thirty seven
percent (n = 349) based their FGF on clinical assessment at
the time of induction. At the conclusion of anesthesia, the
practice of verifying whether the gas flow meter has been
properly shut off plays a critical role in minimizing wastage,
whether oxygen or inhalational agents. Respondents were
inquired about how often they observed gas flow meters left
open after anesthesia had ended and when the anesthesia
workstation was no longer in use (e.g., post-transport, room
turnover, or prior to subsequent anesthesia). Twenty-nine
percent (n = 273) of anesthesiologists reported frequently or
always witnessing gas flow meters left open and unused,
whereas only 5.8% (n = 55) stated they had never witnessed
this practice.

In response to questions about the environmental conse-
quences of inhalational agents such as N,O and their contri-
bution to climate change through global warming, 34.5%
(n = 325) reported being unaware of any relationship
between anesthetic technique and climate change.

18% 34%
|

10% 6%
|
0 50 100

Frequency (%)

Occasionally Frequently . Always

Distribution of respondents’ reported frequency of N,0 use in adults and pediatric patients.

Seasoned anesthesiologists were more likely to be unaware
of this link (p < 0.05). Only 35.8% (n = 337) correctly identi-
fied that N,O persists in the environment for over 100 years
(Table 2).

When comparing current practices with those at the
beginning of their careers, 80% (n = 755) reported a reduc-
tion in the use of N,0 over time. Half of the respondents,
50.7% (n = 477), stated that N,O should not be freely or read-
ily available (Table 2). When asked about future use, 48%
(n = 452) of respondents either reported not currently using
N,O or indicated they intended to discontinue its use in the
short term. In contrast, 27.8% (n = 262) stated they intended
to continue using it. There was no significant association
between these responses and either age or years of profes-
sional experience (p > 0.05).

The main reasons cited for reducing or discontinuing N,O
use were increased incidence of nausea and vomiting
(51.9%, n = 489), greater adoption of Total Intravenous Anes-
thesia (TIVA) (54.2%, n = 510), respiratory adverse effects
such as hypoxia and atelectasis (21.1%, n = 199), its contri-
bution to global warming and ozone layer depletion (32.2%,
n = 303), pollution and occupational exposure in the operat-
ing room (37.0%, n = 349), and the perception that its clini-
cal benefit is negligible (21.3%, n = 201). Most respondents
(70%, n = 657) indicated that the withdrawal of N,0O would
not impact their anesthetic technique. There was no signifi-
cant association between this perception and respondents’
age or years of professional experience regarding the impact
on their anesthetic technique (p > 0.05; Table 2).

In the multivariable logistic model constructed to exam-
ine determinants of self-reported N,O use (“occasionally”,
“frequently”, or “always”), age > 50 years remained inde-
pendently associated with N,O use in adult patients
(adjusted OR = 2.99, 95% Cl 1.95-4.59) (Table 3). By con-
trast, the conviction that N,O aggravates climate change
showed an inverse relation with use in adults (adjusted
OR =0.42, 95% CI 0.29-0.61) and constituted the sole signifi-
cant predictor in pediatric anesthesia (adjusted OR = 0.41,
95% CI 0.31-0.54). Years of professional experience and geo-
graphic region did not achieve significance in either model.

Discussion

This study characterized patterns of N,O use in anesthesia
and identified gaps in anesthesiologists’ awareness of its
environmental impact. Eighty percent of respondents
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Table 1

Frequency and profile of nitrous oxide usage, and assessment of anesthesiologists’ knowledge regarding the environ-

mental impact of this gas in a network of 72 private hospitals in Brazil: Differences by age (years) and years of professional experi-

ence since completion of medical residency in anesthesiology.

Frequency of N,0O use in adults? < 0.001 < 0.001
Never 558 59.3 39 [34 - 45.75] 9[4-17]

Rarely 231 24.6 41 [35 - 49.5] 12 [5-21.5]

Occasionally 97 10.3 40 [36 - 52] 10 [6 - 23]°

Frequently 46 4.9 52 [42.75 - 58.75] 25[12.25 - 30]

Always 9 1.0 55 [51 - 56]° 30[22 - 30]°

Frequency of N,O use in pediatrics® 0.09 0.07
Never 274 29.1 42 [36 - 52] 12 [5 - 24]

Rarely 177 18.8 39 [35 - 46] 9[4-17]

Occasionally 170 18.1 39 [33.25-45.75] 10 [4 - 18.75]

Frequently 226 24.0 40 [35 - 47] 10[5-19]

Always 94 10.0 41 [35-52] 10 [5 - 26.25]

FGF induction method® < 0.001 < 0.001
Patient weight (=120 mL/kg/min) 338 35.9 42 [36 - 51] 12 [5 - 24.75]

FGF of 10 L/min or more 254 27.0 38[33.25 - 45]° 8[4-16]°

Clinical assessment 349 37.1 40 [35 - 49] 10 [5 - 21]

Gas flow shutdown frequency®¢ 0.02 0.08
Never 55 5.8 44 [40 - 54] 14 [8 - 26.5]

Rarely 286 30.4 41 [35 - 50.75] 11[5-21.75]

Occasionally 327 34.7 40 [35 - 47] 9[4-20]

Frequently 262 27.8 40 [35 - 46.75] 10 [5 - 20]

Always 11 1.2 42 [33 -52] 15[4.5-19]

N,O climate change Belief® 0.01 0.01
No 325 34.5 41 [36 - 51] 12 [5-23]

Yes 616 65.5 40 [34 - 48] 10[4 - 20]

Respondents N,0 elimination time® <0.001 < 0.001
1 year 228 24.2 45 [38 - 53.25] 16 [6.75 - 27]

5 years 149 15.8 40 [35 - 48] 9[4-18]

15 years 134 14.2 38 [34.25 - 42]° 8 [4-14]°

50 years 93 9.9 37 [32 - 42]° 8[3-15]°

Above 100 years 337 35.8 40 [35 - 48] 10 [5 - 21]

Kruskal-Wallis test.

Post hoc multiple comparisons using Dunn’s method FGF: Fresh Gas Flow.
Respondents were inquired about the frequency with which they had observed gas flow meters left open after the completion of anes-
thesia and when the anesthesia workstation was no longer in use (for instance, following patient transport, during room preparation, or

a
 Mann-Whitney U test.
C
d

prior to initiating preparations for subsequent anesthesia).

reported a reduction in use since the beginning of their
careers, and nearly half expressed reservations about its
unrestricted availability. In contrast, 34.5% of anesthesiolo-
gists were unaware of its role in climate change. These pat-
terns may be related to differences in training exposure,
evolving clinical preferences, or increasing awareness of sus-
tainability issues in more recent generations of practi-
tioners. Given the cross-sectional nature of this study, these
factors should be interpreted as possible contributors rather
than causal determinants.

Understanding these usage patterns is essential for
informing strategies aimed at sustainable environmental
impact. Our results support the development of targeted
practice protocols aimed at curtailing N,O use, particularly
in cases where its clinical benefits are outweighed by alter-
native anesthetic agents/techniques. Additionally, reports

of frequent gas flow meter misuse after procedures (29%)
suggest inefficiencies that warrant attention, as they may
result in unnecessary emissions and resource waste.'® If N,O
consumption is minimal and not critical for clinical practice,
healthcare leaders should reassess the need to maintain N,O
supply infrastructure and focus on interventions aimed at
optimizing consumption patterns.'’:18

In a Brazilian quality improvement initiative for adult
patients, baseline data over the 16-week pre-intervention
period indicated an average N,0 usage rate of 11%, decreas-
ing to 2% post-intervention.” Considering these results, the
use of N,O in adult patients remains a prevalent practice,
and a cultural shift is necessary to reduce its usage in more
restricted contexts, such as the inhalational induction
of pediatric patients.®® In pediatric anesthesia, targeted
quality improvement interventions have shown substantial
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Longitudinal changes in nitrous oxide usage, access to N,0O in operating rooms and trends in N,O use, in a network of 72

private hospitals in Brazil: differences by age and years of professional experience since completion of anesthesia residency.

Longitudinal N,O usage change®*¢ <0.001 <0.001

Maintaining 186 19.8 37 [32 - 43] 6[3-13]

Reduction 755 80.2 41 [36 - 50] 12 [5.5 - 22]

N,O free access in operating room? 0.93 0.45

No 477 50.7 41 [35 - 47] 10 [5 - 20]

Yes 464 49.3 40 [34.75 - 50.25] 10 [4 - 23]

Trend in the use of N,0° 0.05 0.14

Do not use at all 249 26.5 41 [35-50] 11[5-22]

Consider eliminating 203 21.6 42 [36 - 50] 11 [5-22]

Consider reducing 227 24.1 39 [34 - 46.5] 10 [4 - 18]

Consider maintaining 262 27.8 40 [35 - 49] 10 [4 - 21]

Anesthetic technique impact from 0.37 0.33
N,O removal®

No 657 70.0 41 [35 - 49] 10 [5 - 21]

Yes 284 30.0 40 [35 - 48.25] 10 [4 - 20]

2 Mann-Whitney U test.
b Kruskal-Wallis test.

¢ Comparing the current period with the period since the beginning of their training as anesthesiologists.

environmental benefits. In a 20-month project involving over
33,000 inhalational inductions, reducing N,0O use from 80% to
less than 20% and lowering FGF by 28% was achieved through
education, expert engagement, and visual reminders, with-
out affecting induction times or patient behavior.® This sug-
gests that even minor regulatory or logistical barriers could
substantially reduce N,0O use.>'”

The practice of using high FGF during inhalational induc-
tion was also analyzed. High FGF is often employed to hasten
induction or to compensate for mask leaks during facemask
ventilation. However, this practice results in the consump-
tion of large quantities of volatile agents, almost all of which
are wasted directly into the environment.?® Strikingly, less
than 40% of anesthesiologists regulate FGF based on the
patient’s weight, even though exceeding the minute-venti-
lation does not meaningfully accelerate induction and leads

to significant volatile agent consumption.?' Since minute-
ventilation is correlated with the patient’s weight, the Soci-
ety for Pediatric Anesthesia (SPA) recommends using a
weight-based minimum safe and effective FGF of 0.15 L/
min/kg during inhalational induction.?? This recommenda-
tion includes a safety margin to ensure no rebreathing and
accounts for differences between anesthesia delivery sys-
tems and individual patient variation.® However, our data
demonstrated that pediatric anesthesiologists often used
fixed high FGF (e.g., 10 L/min of oxygen and N,0, with or
without sevoflurane), regardless of patient’s size, contra-
dicting best practices and exacerbating environmental
impact. Coupled with prior studies indicating that elevated
FGF during induction is correlated with increased sevoflur-
ane consumption and higher FGF levels throughout cases,
these results underscore the importance of adopting an
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Table 3

Adjusted odds ratios (95% Cl) from multivariable logistic regression of clinician characteristics associated with self-

reported nitrous oxide administration (“occasionally”, “frequently” or “always”) in adult and pediatric anesthesia.

Adult patients

Age
Up to 40 years 468 (50.1) 409 (52.2) 59 (38.8)
41 to 49 240 (25.7) 213 (27.2) 27 (17.8)
> 50 years 227 (24.3) 161 (20.6) 66 (43.4)
Years of

experience
Less than 10 years 58 (6.2) 49 (6.3) 9(5.9)
10 years or more 877 (93.8) 734 (93.7) 143 (94.1)
Geographic Region
North 4(0.3) 3(0.3) 1(0.7)
Northeast 334 (25.7) 309 (26.9) 25 (16.5)
Central-West 169 (13) 156 (13.6) 13 (8.6)
Southeast 767 (59) 658 (57.3) 109 (71.7)
South 27 (2.1) 23 (2) 4(2.6)
N,O Climate

Change Belief
No 324 (34.7) 244 (31.2) 80 (52.6)
Yes 611 (65.4) 539 (68.8) 72 (47.4)
Pediatric patients
Age
Up to 40 years 468 (50.1) 210 (46.9) 258 (53)
41 to 49 240 (25.7) 124 (27.7) 116 (23.8)
> 50 years 227 (24.3) 114 (25.5) 113 (23.2)
Years of

experience
Less than 10 years 58 (6.2) 25 (5.6) 33 (6.8)
10 years or more 877 (93.8) 423 (94.4) 454 (93.2)
Geographic Region
North 4(0.3) 3(0.4) 1(0.2)
Northeast 334 (25.7) 218 (26.8) 116 (23.8)
Central-West 169 (13) 113 (13.9) 56 (11.5)
Southeast 767 (59) 464 (57) 303 (62.2)
South 27 (2.1) 16 (2) 11 (2.3)
N,O Climate

Change Belief
No 324 (34.7) 110 (24.6) 214 (43.9)
Yes 611 (65.4) 338 (75.5) 273 (56.1)

1 1

0.88 (0.53 - 1.41) 0.60 0.97 (0.57 - 1.60) 0.90
2.84 (1.91 - 4.23) <0.001 2.99 (1.95 - 4.59) <0.001
1 1

1.06 (0.53 - 2.35) 0.87 0.75 (0.36 - 1.74) 0.47

1 1

0.24 (0.03 - 5.00) 0.22 0.19 (0.02 - 4.38) 0.19
0.25 (0.03 - 5.25) 0.24 0.31(0.03 - 7.29) 0.37
0.50 (0.06 - 10.10) 0.54 0.50 (0.04 - 11.09) 0.57
0.52 (0.05 - 12.00) 0.60 0.56 (0.04 - 14.44) 0.67

1 1

0.41(0.29 - 0.58) <0.001 0.42 (0.29 - 0.61) <0.001
1 1

0.76 (0.56 — 1.04) 0.08 0.78 (0.56 - 1.08) 0.13
0.81(0.59 - 1.11) 0.18 0.76 (0.54 - 1.07) 0.11

1 1

0.81(0.47 - 1.39) 0.44 0.93 (0.52 - 1.63) 0.80

1 1

1.60 (0.20 - 32.47) 0.68 1.66 (0.15 - 37.61) 0.68
1.49 (0.19 - 30.43) 0.73 2.05 (0.18 - 46.89) 0.57
1.96 (0.25 - 39.70) 0.56 2.85 (0.25 - 64.23) 0.40
2.06 (0.23 - 44.77) 0.55 2.78 (0.21 - 69.59) 0.44

1 1

0.42 (0.31 - 0.55) <0.001 0.41(0.31 - 0.54) <0.001

Cl, Confidence intervals; OR, odds ratio.

optimized and environmentally sustainable approach to
anesthetic management.'*?%3

Data from Italy align with our observations, showing a
gradual reduction in the use of inhalational agents and a per-
sistent lack of awareness of environmental issues among
anesthesiologists.?* Indeed, the majority of anesthesiolo-
gists stated that TIVA could replace anesthetic gases in more
than 40% of cases, while only 5% believed this could happen
in less than 20% of cases.?* Similarly, 65% of anesthesiologists
were partially or completely unaware of the environmental
impact of anesthetic gases, and the use of high FGF remains
a common practice in inhalational anesthesia.?* Similar to
the reduction observed in our study, a longitudinal evalua-
tion in a 1,300-bed tertiary hospital in the United Kingdom
demonstrated a marked decline in N,O use over 12 years,
indicating that the decrease in N,O utilization is not limited
to Brazil; however, in that UK cohort, one quarter of physi-
cians did not recognize it as a significant contributor to cli-
mate change.®

Senior anesthesiologists were more likely to report fre-
quent N,O use in adult patients, although no significant gen-
erational difference was observed in pediatric use. There

were no differences in age or professional experience
regarding the perception of its impact on anesthetic tech-
nique or the tendency to reduce its use. This suggests that,
despite the historical use of N,O among more senior anes-
thesiologists, they may be open to reducing its utilization,
with unwanted clinical effects being the main driver for lim-
iting its use. This contrasts with results from the UK, where
environmental impact was the primary reason for reducing
N,O use.® Such differences imply that “green anesthesia”
remains in early stages in Brazil, despite global acknowl-
edgement of climate change as “the biggest threat to global
health in the 21%* century”.

Our results delineate a marked generational gradient in
practice patterns: anesthesiologists aged > 50-years were
nearly three times more likely to administer N,O to adult
patients, whereas acknowledging its climate impact was
inversely associated with use and remained the sole signifi-
cant determinant in pediatric anesthesia. One plausible
explanation is that sustainable practice is still insufficiently
embedded in medical training: the environmental knowl-
edge gap among senior educators hampers the transmission
of sustainability principles to trainees, creating a persistent
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barrier to behavior change. Accordingly, environmental
stewardship should be formally integrated into residency
curricula and continuing professional development for prac-
ticing anesthesiologists, as multiple studies across different
countries have already advocated.?*%>

Several factors may influence the discontinuation of N,O
use in Brazil, operating as either barriers or drivers of
change. Cultural barriers include the long-standing tradition
of using N,O for pediatric inhalational induction and the
absence of environmental sustainability as a structured com-
ponent of anesthesiology training. Institutional barriers
involve the persistence of central pipeline supply systems
(which are often faulty/leaky) and the lack of infrastructure
modifications needed to reduce systemic losses. Educational
barriers stem from limited exposure to concepts of sustain-
able anesthesia and occupational safety related to anes-
thetic gases during both residency and continuing
professional development. On the other hand, important
drivers for reducing N,O use include the growing global and
national emphasis on climate change mitigation, the
increasing availability and familiarity with TIVA, and aware-
ness of the occupational hazards associated with waste anes-
thetic gases. Evidence from successful Brazilian initiatives,
such as the 82.5% reduction in N,O emissions achieved in
two quaternary hospitals through targeted education and
pipeline disconnection, reinforces the feasibility of large-
scale change.’” These national experiences, in line with the
global trend toward N,0 phase-out, highlight that meaning-
ful reductions are possible when clinical engagement is com-
bined with infrastructure and policy interventions.” ?-26:27

Despite consistent evidence that occupational exposure to
inhalational anesthetics, particularly in operating rooms with-
out active scavenging systems, exceeds international safety
limits and poses health risks,2®2? only 37% of respondents in
our study cited pollution or occupational exposure as a reason
to reduce N,0O use. This underestimation is particularly con-
cerning since longitudinal evidence shows that such exposures
are not merely theoretical risks.3® A prospective study evaluat-
ing young physicians before, during, and at the end of their
medical residency demonstrated that working in unavenged
operating rooms leads to substantial exposure to inhalational
anesthetics, resulting in lipid and protein oxidation, oxidative
DNA damage, impairment of antioxidant systems, modulation
of gene expression involved in DNA repair, and measurable gen-
otoxic effects.! Our results suggest a significant gap in aware-
ness or a tendency among anesthesiologists to underestimate
the occupational hazards associated with waste anesthetic
gases in the operating room and/or global environment.

The results of this study have relevant implications for
policy, education, and clinical practice in Brazil. In the edu-
cational sphere, environmental stewardship and occupa-
tional safety related to anesthetic gases should be
incorporated into undergraduate, residency, and continuing
medical education curricula to build awareness from the
earliest stages of training. In clinical practice, dissemination
of best practices for optimizing FGF, greater adoption of
TIVA when clinically appropriate, and institution-led quality
improvement programs can collectively contribute to reduc-
ing N,O emissions. Aligning these strategies with interna-
tional sustainability goals offers a pathway for Brazilian
anesthesiology to achieve measurable environmental impact
reduction without compromising patient care. %2425

Contemporary guidance from professional societies and
health systems increasingly supports the reduction of nitrous
oxide use and the decommissioning of centralized piped N,0
systems, primarily due to their disproportionate contribution
to emissions through chronic leakage. The World Federation of
Societies of Anaesthesiologists and partner organizations have
endorsed principles of environmentally sustainable anesthesia
that include minimizing or eliminating routine N,O use, opti-
mizing fresh gas flows, and addressing avoidable infrastructural
losses." More recent consensus from the United Kingdom and
Ireland recommend the removal of piped N,O manifolds and
transition to point-of-use cylinders, driven by data indicating
that a substantial proportion of N,O supplied via pipelines may
be lost to leakage before reaching patients, thereby generating
emissions with minimal clinical benefit.®'® Similar action plans
and toolkits from NHS systems and other jurisdictions highlight
N,O mitigation as a priority, emphasizing leak detection,
decommissioning of underused manifolds, and alighment with
net-zero strategies.'”>2 These positions are consistent with
analyses showing that N,O is a long-lived greenhouse gas and a
leading ozone-depleting substance, and that infrastructural
waste rather than conscious clinical use can account for a large
share of its footprint.* In this context, the reduction in self-
reported N,O use observed among Brazilian anesthesiologists —
particularly the limited perceived dependence on N,O for rou-
tine practice - supports the feasibility of targeted institutional
policies and infrastructure reviews aimed at rationalizing or
discontinuing N,O supply where clinically appropriate, while
maintaining patient safety.

Our results should also be interpreted in light of the
evolving Brazilian regulatory framework for medical gases.
ANVISA RDC n° 870/2024 and Normative Instruction n® 301/
2024, n° 301/2024 classify medicinal gases, including N,O,
as regulated medicinal products and establish contemporary
requirements for notification, registration, and quality
assurance, with defined implementation timelines.3334
Within this framework, hospitals are expected to ensure
that centralized medical gas systems and gas mixers comply
with technical standards such as ABNT NBR 12188 (central-
ized medical gas pipeline systems) and ABNT NBR 15882
(oxygen-nitrous oxide gas mixers). Decisions to maintain,
rationalize, or decommission centralized N,0O infrastructure
should follow these standards, be guided by documented
low clinical demand, robust safety assessments, and leak
prevention, and be integrated into broader environmental
sustainability and patient safety strategies.®>3¢ While our
survey did not directly audit regulatory compliance or engi-
neering practices, the observed trend toward reduced N,0
use among Brazilian anesthesiologists is consistent with and
supportive of this regulatory direction.

This study has limitations. First, the web-based design and
voluntary participation introduce potential selection bias, as
the sample was drawn from a convenience census of eligible
anesthesiologists and relied on self-reporting, which may not
reflect actual clinical behavior. Second, although the sample
size calculation was appropriately performed and largely
exceeded, with 941 completed questionnaires and a high
response rate of 76%, the study employed a nonprobability
sampling approach restricted to anesthesiologists from a pri-
vate hospital network in Brazil. This may limit the generaliz-
ability of the results to other healthcare systems, including
public hospitals and rural settings. Third, the questionnaire
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was not formally validated through psychometric testing,
which may affect the reliability and reproducibility of the
results, although content review by experts was performed
before distribution. Fourth, social desirability bias may
have influenced responses, particularly for items related to
environmentally responsible behaviors. Fifth, the absence of
objective data or verification regarding the actual use of N,O
limits the ability to validate self-reported information. Sixth,
the study did not collect information on the surgical case mix
of each participating hospital, which could influence N,O
usage patterns, as hospitals with surgical profiles less likely to
require N,0O, such as those without pediatric, obstetric, or
specific inhalational sedation cases, might have contributed
disproportionately to lower reported usage rates. Lastly, the
cross-sectional design and absence of longitudinal follow-up
prevent the assessment of temporal trends and causality, and
other potentially relevant variables, such as institutional poli-
cies, availability of TIVA, or local anesthetic protocols, were
not examined.

Conclusion

This national survey identified reduced N,O use among youn-
ger anesthesiologists, suggesting evolving practice patterns
potentially driven by changes in training, increased familiar-
ity with alternative anesthetic techniques, and heightened
awareness of occupational and environmental considera-
tions. However, a substantial proportion of practitioners,
particularly older anesthesiologists, remain unaware of
N,O’s long atmospheric lifetime and its role in global warm-
ing. Addressing this knowledge gap through targeted educa-
tional strategies, coupled with evidence based institutional
and national policies, could support the optimization of N,O
use while reducing its environmental footprint. The fact
that half of the respondents questioned its continued unre-
stricted availability underscores the opportunity for policy
makers to act. Future research using validated instruments
and nationally representative samples will be essential to
confirm these results and inform sustainable anesthesia
practices in Brazil and beyond.
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KEYWORDS Abstract

Abscess; Background: Severe odontogenic infections requiring surgical drainage pose significant airway
Airway Management; management challenges. This study aimed to compare perioperative characteristics and clinical
Focal Infection: outcomes between patients managed with conventional laryngoscopy versus awake fiberoptic
Dental; intubation, to identify factors associated with the selection of airway management technique,
Laryngoscopy; and to determine predictors of hospital length of stay.

Sepsis; Methods: This single-center retrospective study included 85 adult patients who underwent sur-
Trismus gical drainage of severe odontogenic infections under general anesthesia between 2015 and

2024. The primary objective was to identify factors associated with awake fiberoptic intubation
selection. Secondary objectives included comparison of perioperative outcomes and identifica-
tion of predictors of hospital discharge. Multivariable logistic regression and Cox proportional
hazards modeling were used.

Results: Of 85 patients, 60% were managed with AFOI. Multivariable analysis identified trismus
(OR = 6.67, 95% Cl 1.53, 39.53, p = 0.010) and higher BMI (OR = 1.15, 95% CI 1.03, 1.33, p = 0.013) as
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independent predictors of AFOI selection. AFOI patients experienced more complex postoperative
courses, with intraoperative tracheostomy, ICU admission, and septic shock occurring exclusively in
this group. Spontaneous ventilation postoperatively was associated with earlier discharge
(HR =2.14, 95% Cl 1.23, 3.73, p = 0.007), while septic shock (HR = 0.26, 95% CI 0.07, 0.91, p = 0.036)
and lower BMI (HR = 0.95, 95% CI 0.90, 1.00, p = 0.040) were associated with delayed discharge.
Conclusion: AFOIl was preferentially selected for anatomically complex odontogenic infections based
on objective criteria, particularly trismus and elevated BMI. The ability to achieve spontaneous venti-
lation postoperatively serves as a key prognostic indicator, while septic shock is strongly associated
with prolonged recovery. These findings support evidence-based airway management protocols and
early identification of high-risk patients to optimize outcomes in this challenging population.

© 2026 Published by Elsevier Espana, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia. This
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Deep neck space infections of odontogenic origin, a severe
manifestation of dental pathology, can rapidly disseminate
through fascial planes, potentially resulting in life-threaten-
ing complications, including airway compromise, sepsis, and
even death." Surgical drainage of these abscesses under
general anesthesia introduces significant anesthetic chal-
lenges. Common presentations include trismus, floor-of-
mouth edema, pharyngeal swelling, and distorted airway
anatomy, all of which significantly complicate airway
management.*?>

Several airway management strategies have been
described for this patient population, ranging from conven-
tional direct laryngoscopy to video laryngoscopy, Awake
Fiberoptic Intubation (AFOI), and tracheostomy under local
anesthesia.®” However, the optimal approach remains unre-
solved, with each technique carrying unique benefits and
risks in the setting of distorted anatomy and potentially
compromised airways.

Current international guidelines distinguish between
approaches for anticipated and unanticipated difficult air-
ways, providing structured algorithms to guide decision-
making.®® For patients with severe odontogenic infections,
where a difficult airway is often anticipated, these guide-
lines suggest considering awake techniques or securing the
airway before induction when appropriate. However, the
final approach must be tailored to each patient’s clinical
presentation.

The incidence of severe odontogenic infections requiring
hospital admission has been increasing in developed coun-
tries,"® with these infections remaining clinically challenging
despite modern treatment.' The multifaceted nature of
these infections demands a comprehensive understanding of
how patient characteristics, anatomical spread patterns,
and airway management decisions interact to influence clin-
ical outcomes. >3

While existing literature provides insights into surgical
management of these infections, critical knowledge gaps
persist regarding the factors that guide airway management
decisions and their downstream effects on patient outcomes
and hospital resource utilization. In this descriptive, explor-
atory study, we present a single-center experience aimed at
describing the perioperative characteristics and outcomes
of patients managed with different airway techniques, iden-
tifying factors influencing the choice of airway manage-
ment, and determining predictors of hospital length of stay,

rather than evaluating the causal impact of airway manage-
ment strategy on clinical outcomes.

Methods
Ethics, design, and settings

This retrospective cohort study was conducted at Rabin Medi-
cal Center, Beilinson Hospital, Israel. Ethical approval (0202-
22-RMC) was provided by the Institutional Review Board
(Chairperson Prof. Ran Tur-Kaspa). This manuscript adheres
to the STROBE statement (Supplementary Table $3).™

Study population

All adult patients (> 18 years) who underwent surgical drainage
of severe odontogenic infections under general anesthesia
between January 2015 and December 2024 were consecutively
included. Exclusion criteria included arrival at the operating
room already intubated and mechanically ventilated, awake
tracheostomy before anesthesia induction, and substantially
incomplete anesthesia or surgical documentation.

Anesthetic and surgical care

All patients underwent comprehensive preoperative anes-
thesia evaluation, with particular emphasis on airway
assessment, given the presence of severe odontogenic infec-
tion. Preoperative airway evaluation included assessment
for trismus, floor-of-mouth involvement, pharyngeal edema,
and overall infection spread pattern. Standard monitoring,
according to the American Society of Anesthesiologists (ASA)
guidelines, was implemented for all patients, including elec-
trocardiography, non-invasive blood pressure, pulse oxime-
try, capnography, and temperature monitoring. Additional
monitoring modalities were applied based on individual
patient comorbidities and clinical presentation.

Patients were managed with one of two airway
approaches: laryngoscopy after induction (laryngoscopy
group) or AFOI before induction (AFOI group). The airway
management strategy was determined by the attending
anesthesiologist based on preoperative assessment and clini-
cal judgment rather than a formal institutional protocol,
with special consideration given to the extent and location
of infection, presence of trismus, and anticipated surgical
approach.
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For patients in the laryngoscopy group, anesthesia was
induced with intravenous agents, and neuromuscular block-
ing agents were administered to facilitate endotracheal
intubation. The choice between direct laryngoscopy and
video laryngoscopy was based on anesthesiologist prefer-
ence and anticipated difficulty.

For patients in the AFOI group, topical anesthesia of the
airway was achieved using lidocaine spray and/or nebuliza-
tion. Conscious sedation was provided with various combina-
tions of midazolam, fentanyl, ketamine, and/or propofol,
carefully titrated to maintain spontaneous ventilation and
patient cooperation while ensuring comfort. Nasotracheal
intubation was preferred for most AFOI cases to optimize
surgical access.

Following successful airway securing in both groups,
anesthesia was maintained with inhalational agents (typi-
cally isoflurane or sevoflurane) with or without nitrous
oxide, supplemented with opioid analgesics as needed. Fluid
management, antibiotic administration, and additional
medications were provided according to standard institu-
tional protocols.

Maxillofacial surgeons performed surgical drainage fol-
lowing standard procedures for abscess treatment. Intrao-
perative tracheostomy was performed when deemed
necessary based on the extent of infection and anticipated
postoperative airway compromise. Decisions regarding post-
operative airway management, including extubation versus
continued mechanical ventilation, were made collabora-
tively by the anesthesia and surgical teams based on the
extent of infection, degree of airway edema, and overall
patient condition.

Postoperatively, patients were transferred to the Post-
Anesthesia Care Unit (PACU) and monitored according to
institutional protocols. Patients requiring continued airway
support or hemodynamic monitoring were admitted to the
Intensive Care Unit (ICU). All patients received appropriate
antibiotic therapy, analgesics, and supportive care through-
out their hospital stay.

Study outcomes

The primary objective was to identify factors associated
with the selection of AFOI versus conventional laryngoscopy.
Secondary objectives were to compare perioperative char-
acteristics and clinical outcomes between groups, and to
determine predictors of hospital length of stay.

Measurements and data collection

Data were extracted from electronic medical record systems
by trained investigators with domain expertise: anesthesia
and operative data were extracted from Metavision
(iMDsoft, Israel) by two anesthesiologists, and clinical and
surgical data from Chameleon™ (Elad Health, Israel) by two
oral and maxillofacial surgeons. Data accuracy was verified
through cross-checking between investigators within each
domain. Demographic data included age, gender, Body Mass
Index (BMI), ASA physical status, active smoking status, and
relevant comorbidities (chronic obstructive pulmonary dis-
ease, diabetes mellitus, hypertension, ischemic heart dis-
ease, and psychological disorders).

Infection characteristics were documented, including etiol-
ogy (peri-implant disease, pericoronitis, post-extraction infec-
tion, or pulp necrosis) and anatomical spaces involved
(anterior, masticator, peri-mandibular, and pharyngeal spaces).
The presence of trismus, defined as limited mouth opening
(interincisal distance < 20 [t; 20 mm), was also recorded.

Preoperative data included vital signs (heart rate, mean
arterial pressure, and oxygen saturation) prior to anesthesia
induction. Airway management details were recorded,
including the technique used (direct laryngoscopy, video lar-
yngoscopy, or AFOI), medications administered for induction
or sedation (propofol, midazolam, ketamine, fentanyl), neu-
romuscular blocking agents (succinylcholine, rocuronium),
endotracheal tube characteristics (size, route), and time
required to secure the airway (defined as the time from
patient entry into the operating room until confirmation of
successful endotracheal intubation).

Postoperative data included ventilation status at the con-
clusion of surgery (spontaneous versus mechanical ventila-
tion), duration of mechanical ventilation if applicable, PACU
length of stay, occurrence of septic shock, ICU admission
and length of stay, and total hospital length of stay.

Statistical methods

Descriptive statistics were used to summarize the data. The
distribution of continuous variables was assessed visually using
histograms and Q-Q plots. Continuous variables were presented
as median (25%, 75" percentiles). Hodges-Lehmann estimators
with 95% Confidence Intervals (95% Cl) were calculated to
quantify median differences between groups for continuous
variables. Risk differences with 95% Cl were calculated for cat-
egorical variables. Comparisons between groups were per-
formed using the Mann-Whitney U-test for continuous variables
and Fisher’s exact test for categorical variables. Categorical
variables were presented as counts and percentages (%). Given
the limited Events Per Variable (EPV < 10), firth penalized
logistic regression was used for all logistic analyses to address
potential sparse data bias. Univariate logistic and Cox regres-
sion analyses were performed to screen potential predictors.
Variables with p < 0.20 in univariate analysis were included in
the multivariable models. Multivariable logistic regression was
performed to identify factors associated with AFOI selection.
Hospital length of stay was analyzed using Kaplan-Meier sur-
vival analysis and Cox proportional hazards regression; the pro-
portional hazards assumption was assessed using Schoenfeld
residuals. Multicollinearity was assessed using Variance Infla-
tion Factors (VIF). Results were presented as Odds Ratios (OR)
with 95% Cl for logistic regression and Hazard Ratios (HR) with
95% Cl for Cox regression, representing the probability of hos-
pital discharge at any time point. Patients with missing data
were excluded from the respective analyses (complete case
analysis). All statistical tests were two-sided; p < 0.05 was con-
sidered statistically significant. Statistical analyses were con-
ducted using R statistical software (version 4.4.1).

Results

A total of 90 consecutive patients who underwent surgical
drainage of severe odontogenic infections under general
anesthesia were identified between 2015 and 2024. After
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Patients identified between 2015 and 2024
(n=90)

Excluded (n =5)
Arrived intubated (n= 1)
Prior awake tracheostomy (n=1)
Incomplete records (n = 3)

(n=85)

[ Patients included in final analysis ]

Laryngoscopy group AFOI group
(n=34) (n=51)
Figure 1 Patient inclusion flow chart. AFOI, awake fiberoptic

intubation.

exclusions, 85 patients were included in the final analysis.
The patient inclusion flow chart is presented in Figure 1.
Patients were divided into two groups based on airway

Table 1

management technique: laryngoscopy (n = 34, 40.0%) and
AFOI (n =51, 60.0%).

The median age of the cohort was 39.0 years (26.0, 48.0),
with similar distribution between groups. Males comprised
48.2% of the overall cohort. Most patients were classified as
ASA 1 or Il (93.0%) and nearly half were active smokers (47.1%).
Pulp necrosis was the predominant etiology of infection
(55.3%), followed by post-extraction infection (32.9%). Peri-
mandibular spaces were most involved (77.6%), followed by
pharyngeal spaces (47.1%). Patients with pharyngeal space
involvement (58.8% vs. 29.4%, p = 0.009) and trismus (92.2%
vs. 61.8%, p < 0.001) were more frequently managed with
AFOI. Median BMI was significantly higher in the AFOI group
(24.9 vs. 22.3 kg.m2, p = 0.024). Detailed patient characteris-
tics are presented in Table 1.

Preinduction vital signs showed a median heart rate of
90.0 bpm (80.0, 100.0), median mean arterial pressure of
100.0 mmHg (92.0, 108.0), and median oxygen saturation of
99.0% (98.0, 100.0).

Baseline characteristics and clinical variables stratified by airway management technique.

Age, y 39.0 (26.0, 48.0) 32.5(26.0, 52.5)
Male sex 41 (48.2%) 13 (38.2%)
BMI, kg.m™2 23.3(21.1, 28.6) 22.3(20.3, 26.1)
ASA physical status
Class | 27 (31.8%) 7 (20.6%)
Class Il 52 (61.2%) 25 (73.5%)
Class Il 5 (5.9%) 2 (5.9%)
Class IV 1(1.2%) 0 (0.0%)
Active smoking 40 (47.1%) 18 (52.9%)
Background disease
COPD 4 (4.7%) 2 (5.9%)
Diabetes mellitus 10 (11.8%) 7 (20.6%)
Hypertension 8 (9.4%) 4 (11.8%)
Ischemic heart 2 (2.4%) 2 (5.9%)
disease
Psychological 6 (7.1%) 3 (8.8%)
disorder
Infection etiology
Peri-implant 5 (5.9%) 3 (8.8%)
disease
Pericoronitis 5 (5.9%) 2 (5.9%)
Postextraction 28 (32.9%) 10 (29.4%)
infection
Pulp necrosis 47 (55.3%) 19 (55.9%)
Anatomical spaces
involved
Anterior 18 (21.2%) 10 (29.4%)
Masticator 17 (20.0%) 6 (17.6%)
Peri-mandibular 66 (77.6%) 25 (73.5%)
Pharyngeal 40 (47.1%) 10 (29.4%)
Trismus 68 (80.0%) 21 (61.8%)

40.0 (27.5,46.5)  -0.0(-6.0, 7.0) 0.971
28 (54.9%) 16.7 (-4.6, 38.0) 0.184
24.9 (22.0,29.4)  2.4(0.3, 4.5) 0.024
0.196
20 (39.2%) 18.6 (-0.5, 37.7)
27 (52.9%) -20.6 (-40.8, -0.4)
3(5.9%) 0.0 (-10.2, 10.2)
1(2.0%) 2.0 (-1.8, 5.8)
22 (43.1%) -9.8 (-31.4, 11.8) 0.387
2 (3.9%) -2.0 (-11.5, 7.6) 1.000
3(5.9%) -14.7 (-29.8, 0.3) 0.081
4(7.8%) -3.9(-17.0,9.2) 0.708
0 (0.0%) -5.9 (-13.8, 2.0) 0.157
3(5.9%) -2.9 (-14.5, 8.6) 0.679
2 (3.9%) -4.9 (-15.8, 6.0) 0.385
3(5.9%) 0.0 (-10.2, 10.2) 1.000
18 (35.3%) 5.9 (-14.3, 26.0) 0.642
28 (54.9%) -1.0(-22.5, 20.6) 1.000
8 (15.7%) -13.7 (-32.0, 4.6) 0.176
11 (21.6%) 3.9 (-13.2, 21.0) 0.785
41 (80.4%) 6.9 (-11.5, 25.3) 0.596
30 (58.8%) 29.4 (9.0, 49.8) 0.009
47 (92.2%) 30.4 (12.5, 48.3) <0.001

Categorical variables are presented as counts (%). Continuous variables are presented as a median (25", 75" percentiles). Effect sizes pre-
sented as median difference (95% Cl) for continuous variables and risk difference in percentage points (95% Cl) for categorical variables;
positive values indicate higher values in the AFOI group. The Mann-Whitney U-test for comparing medians, and Fisher’s exact test is used
for comparing proportions. p-values compare the laryngoscopy group with the AFOI group. AFOI, Awake Fiberoptic Intubation; ASA, Ameri-
can Society of Anesthesiologists; BMI, Body Mass Index; Cl, Confidence Intervals; COPD, Chronic Obstructive Pulmonary Disease.
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Among laryngoscopy patients, direct laryngoscopy was
used in 58.8% and video laryngoscopy in 41.2%. Anesthesia
was induced with propofol (97.1%, median dose 150.0 mg
[120.0, 200.0]), midazolam (50%, median dose 2.0 mg [1.0,
2.0]), ketamine (5.9%, median dose 22.5 mg [21.2, 23.8]),
and fentanyl (88.2%, median dose 125.0 ug [100.0, 200.0]).
Neuromuscular blockade was achieved with succinylcholine
(41.2%, median dose 100.0 mg [81.2, 100.0]) or rocuronium
(55.9%, median dose 50.0 mg [40.0, 50.0]).

For AFOI patients, sedation was provided with midazolam
(80.4%, median dose 2.0 mg [1.0, 2.0]), ketamine (31.4%,
median dose 32.5 mg [20.0, 50.0]), fentanyl (56.9%, median
dose 100 g [50.0, 100.0]), and propofol (29.4%, median
dose 50.0 mg [40.0, 100.0]). Nasotracheal intubation was
preferred for AFOI cases (94.1% vs. 41.2%, p < 0.001). Time
to secure the airway was significantly longer with AFOI (21.0
[13.0, 28.0] vs. 12.0 [8.0, 21.5] minutes, p = 0.002).

In univariate analysis, factors associated with AFOI selec-
tion included male sex, higher BMI, diabetes mellitus, tris-
mus, pharyngeal space involvement, and anterior space
involvement (Supplementary Table 1). Multivariable logistic
regression identified trismus (OR = 6.67, 95% Cl 1.53, 39.53,
p = 0.010) and higher BMI (OR = 1.15, 95% CI 1.03, 1.33,
p = 0.013) as independent factors associated with AFOI
selection (Table 2).

Mechanical ventilation at surgery conclusion was more
common in AFOI patients (52.9% vs. 29.4%, p = 0.045), as
was prolonged PACU stay (median 6.0 [1.9, 32.1] vs. 2.3
[1.5, 4.5] hours, p = 0.037). Intraoperative tracheostomy
was performed exclusively in the AFOI group (27.5% vs.
0.0%, p < 0.001). ICU admission occurred only among AFOI
patients (17.6% vs. 0.0%, p = 0.010). Septic shock developed
in 7.8% of AFOI patients. Detailed postoperative outcomes
are presented in Table 3.

The overall median hospital length of stay was 5.0 days
(3.0, 8.0). Univariate Cox regression analysis identified BMI,
ASA class, AFOI technique, pharyngeal space involvement,
peri-mandibular space involvement, spontaneous ventilation

Table 2 Multivariable logistic regression analysis of factors
associated with AFOI selection.

Male sex 1.30 (0.47, 3.59) 0.607

BMI, per kg.m? 1.15 (1.03, 1.33) 0.013

Diabetes mellitus 0.76 (0.12, 4.71) 0.762

Trismus 6.67 (1.53, 39.53) 0.010

Pharyngeal space 1.61(0.51, 5.12) 0.413
involvement

Anterior space 0.71 (0.21, 2.49) 0.586
involvement

Firth penalized logistic regression was used to address sparse
data bias. The dependent variable is airway management tech-
nique (AFOI vs. laryngoscopy). Independent variables with p <
0.20 in univariate analysis were included in the model. Multicol-
linearity was assessed using VIF (all VIF < 1.51). OR represents
the increased likelihood of AFOI selection associated with each
factor. AFOI, Awake Fiberoptic Intubation; BMI, Body Mass Index;
Cl, Confidence Interval; OR, Odds Ratio; VIF, Variance Inflation
Factors.

postoperatively, and septic shock as factors potentially associ-
ated with time to discharge (Supplementary Table 2). In the
multivariable Cox proportional hazards model (Table 4), spon-
taneous ventilation postoperatively (HR = 2.14, 95% Cl 1.23,
3.73, p = 0.007) was associated with earlier discharge, while
septic shock (HR = 0.26, 95% ClI 0.07, 0.91, p = 0.036) and
lower BMI (HR = 0.95 per kg.m2, 95% Cl 0.90, 1.00, p = 0.040)
were associated with delayed discharge. The relationship
between pharyngeal space involvement and hospital length of
stay is visualized in the Kaplan-Meier curve (Fig. 2, log-rank
p = 0.054).

Discussion

This retrospective cohort study of patients undergoing surgi-
cal drainage of severe odontogenic infections revealed sev-
eral notable insights into airway management strategies and
clinical outcomes. Our findings demonstrate that AFOI was
selected for anatomically challenging cases, with selection
primarily associated with trismus and elevated BMI. These
patients experienced significantly different perioperative
trajectories, likely reflecting underlying disease complexity
rather than airway technique-related effects.

The striking association between trismus and AFOI selec-
tion aligns with emerging evidence establishing mouth open-
ing as the most reliable predictor of airway difficulty in
maxillofacial infections. Riekert et al. identified that tris-
mus significantly predicted difficult airways and ICU admis-
sion.” Our finding that 92.2% of AFOI patients presented
with trismus, compared to 61.8% in the laryngoscopy group,
reflects appropriate clinical decision-making based on this
anatomical limitation. This is supported by difficult airway
guidelines, which specifically recommend awake techniques
when mouth opening is severely restricted.®° The longer
time required to secure the airway with AFOI (21.0 vs.
12.0 minutes) reflects the technical demands of this
approach rather than complications, as all patients were
successfully intubated without reported adverse events.

BMI emerged as a unique bidirectional predictor: higher
BMI was associated with AFOI selection (OR = 1.15 per kg.
m, p =0.013), while lower BMI was associated with delayed
hospital discharge (HR = 0.95, p = 0.040). This dual associa-
tion reflects the complex interplay between body habitus
and infection severity. The association with AFOI selection
aligns with established literature documenting increased
airway management challenges in obese patients.'® How-
ever, the relationship between lower BMI and prolonged hos-
pitalization may reflect underlying nutritional compromise
or systemic illness affecting recovery capacity. Malnutrition
has been independently associated with nosocomial infec-
tions and prolonged hospital stay.'”""°

Pharyngeal space involvement emerged as a notable ana-
tomical consideration, occurring in 58.8% of AFOI patients
compared to 29.4% in the laryngoscopy group (p = 0.009).
While not reaching statistical significance in multivariable
analysis for AFOI selection, the trend toward prolonged
hospitalization (HR = 0.63, p = 0.073) represents a hypothe-
sis-generating finding that warrants further investigation
in larger cohorts. This finding is consistent with existing lit-
erature identifying parapharyngeal and retropharyngeal
space involvement as independent predictors of airway
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Table 3

Intraoperative details and postoperative outcomes.

Intraoperative data

Endotracheal tube 7.0 (6.5,7.0) 7.0 (6.6, 7.4) 6.5 (6.5,7.0) -0.5 (-0.5, -0.0) 0.002
size, mm
Endotracheal tube
route
Nasal 62 (72.9%) 14 (41.2%) 48 (94.1%) 52.9 (35.2,70.7) < 0.001
Oral 23 (27.1%) 20 (58.8%) 3 (5.9%) -52.9 (-70.7, -35.2) < 0.001
Time to secure AW, min 17.0 (12.0, 25.0) 12.0 (8.0, 21.5) 21.0(13.0, 28.0) 7.0 (2.0, 11.0) 0.002
Surgery time 33.0(19.0, 42.0) 30.0 (19.0, 41.2) 33.0(22.0, 43.5) 3.0(-4.0, 10.0) 0.490
Intraoperative 14 (16.5%) 0 (0.0%) 14 (27.5%) 27.5 (15.2, 39.7) < 0.001
tracheostomy
Postoperative data
Ventilation status at 0.045
surgery conclusion
Spontaneous 48 (56.5%) 24 (70.6%) 24 (47.1%) -23.5 (-44.1, -3.0)
ventilation
Mechanical ventilation 37 (43.5%) 10 (29.4%) 27 (52.9%) 23.5 (3.0, 44.1)
Duration of mechani- 28.0 (12.3, 45.6) 20.3 (8.9, 47.9) 30.1 (13.7, 42.1) 5.5(-21.3, 32.9) 0.580
cal ventilation (h)
PACU length of stay 2.6 (1.7, 17.0) 2.3 (1.5, 4.5) 6.0 (1.9, 32.1) 1.2 (0.0,9.9) 0.037
Septic shock 4 (4.7%) 0 (0.0%) 4 (7.8%) 7.8 (0.5, 15.2) 0.146
ICU admission 9 (10.6%) 0 (0.0%) 9 (17.6%) 17.6 (7.2, 28.1) 0.010
ICU length of stay, 12.0 (9.8, 18.0) - 12.0 (9.8, 18.0)
days
Hospital length of stay 5.0 (3.0, 8.0) 4.0 (3.0, 6.8) 6.0 (3.0, 10.5) 1.0 (-0.0, 3.0) 0.059

Categorical variables are presented as counts (%). Continuous variables are presented as a median (25, 75" percentiles). Effect sizes pre-
sented as median difference (95% Cl) for continuous variables and risk difference in percentage points (95% Cl) for categorical variables;
positive values indicate higher values in the AFOI group. The Mann-Whitney U-test for comparing medians, and Fisher’s exact test is used
for comparing proportions. The p-values compare the laryngoscopy group with the AFOI group. AFOI, Awake Fiberoptic Intubation; AW, Air-

way; ICU, Intensive Care Unit; PACU, Post-Anesthesia Care Unit.

Table 4  Multivariable Cox regression analysis of factors
associated with time to hospital discharge.

BMI, per kg.m™ 0.95 (0.90, 1.00) 0.040

ASA, per class 0.83 (0.55, 1.27) 0.396

AFOI (vs. laryngos- 1.60 (0.91, 2.82) 0.102
copy)

Pharyngeal space 0.63 (0.38, 1.04) 0.073
involvement

Peri-mandibular space 0.75 (0.42, 1.34) 0.331
involvement

Spontaneous ventila- 2.14(1.23, 3.73) 0.007
tion
postoperatively

Septic shock 0.26 (0.07, 0.91) 0.036

Analysis based on 79 patients with complete data. HRs represent
the relative probability of hospital discharge at any time point.
HR > 1 indicates faster discharge (shorter hospital stay). Varia-
bles with p < 0.20 in univariate analysis were included in the
model. Multicollinearity was assessed using VIF (all VIF < 1.51).
The proportional hazards assumption was assessed using Schoen-
feld residuals (global test p = 0.126). AFOI, Awake Fiberoptic
Intubation; ASA, American Society of Anesthesiologists physical
status; BMI, Body Mass Index; Cl, Confidence Interval; HRs, Haz-
ard Ratios; VIF, Variance Inflation Factors.

compromise and severe complications.?>?" The exclusive
need for intraoperative tracheostomy in the AFOI group
underscores the anatomical challenges and severity of infec-
tion involving critical airway structures, often necessitating
temporary airway bypass.2>?3

The ability to achieve spontaneous ventilation at surgery
conclusion emerged as the strongest predictor of favorable
outcomes (HR = 2.14 for earlier discharge, p = 0.007). This
marker likely represents a composite indicator of infection
severity, successful source control, and preserved physio-
logic reserve. The higher rate of postoperative mechanical
ventilation in AFOI patients (52.9% vs. 29.4%, p = 0.045)
reflects the underlying complexity of these cases rather
than a consequence of the airway technique itself.

The exclusive occurrence of septic shock in the AFOI
group, while based on only four cases, aligns with Weise et
al.’s findings that 3.3% of hospitalized odontogenic infection
patients develop septic complications requiring intensive
support.' All septic patients in their series required trache-
ostomy and prolonged ICU care, with 18.8% developing mul-
tiorgan dysfunction. Our finding that septic shock was
strongly associated with delayed discharge (HR = 0.26,
p = 0.036) emphasizes the need for early recognition and
aggressive management of systemic complications. These
observations are particularly relevant given recent epidemi-
ological trends indicating rising ICU admission rates and hos-
pital lengths of stay for odontogenic infections.?*2> In our
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Figure 2

Kaplan-Meier analysis of hospital length of stay by pharyngeal space involvement. Kaplan-Meier curves showing time to

hospital discharge stratified by pharyngeal space involvement. Patients without pharyngeal space involvement (red line) demon-
strated shorter hospital stays compared to those with pharyngeal involvement (blue line). Log-rank test p = 0.054. Shaded areas rep-
resent 95% Cl. Numbers at risk are shown below the plot. Cl, Confidence Interval.

study, 10.6% of patients required ICU admission, exclusively
in the AFOI group, highlighting both the increasing severity
of disease and the appropriate selection of advanced airway
techniques for higher-risk patients.

Dexmedetomidine has emerged as a promising sedation
agent for AFOI due to its ability to provide cooperative seda-
tion with preserved spontaneous ventilation.?®*” However,
its associated bradycardia and hypotension?® warrant cau-
tion in patients with sepsis or hemodynamic instability, as
observed in our cohort.

Our findings support an individualized approach to airway
management in severe odontogenic infections, with particular
attention to trismus and elevated BMI. The prognostic signifi-
cance of postoperative ventilation status and septic shock
development aids patient counseling, resource allocation, and
early identification of cases requiring intensive care. The
observed pattern of AFOI selection for more complex cases,
followed by appropriate postoperative management, reflects
sound clinical judgment in perioperative care. From a practical
standpoint, these findings support the use of trismus and ele-
vated BMI as objective criteria for AFOI selection, and highlight
the importance of postoperative ventilation planning and early
sepsis recognition in institutional protocols for managing
severe odontogenic infections.

Limitations and future directions

This study has several limitations that warrant consider-
ation. First, the retrospective single-center nature may

introduce selection bias and limit generalizability to
other institutions or healthcare settings, particularly as
the extended study period (2015 to 2024) may encompass
changes in clinical protocols or practice patterns, and
availability of resources such as video laryngoscopy and
dedicated maxillofacial surgical coverage. Second, the
non-randomized selection of airway techniques creates
potential confounding, as patients with more severe pre-
sentations are typically more likely to undergo AFOI. This
selection bias, while clinically appropriate, prevents
definitive conclusions about the superiority of either
technique. Third, our modest sample size limits statisti-
cal power and the ability to perform detailed subgroup
analyses. As severe odontogenic infections requiring sur-
gical drainage under general anesthesia are relatively
uncommon, we conducted a complete enumeration of all
eligible cases during the study period rather than
employing sample size calculations. This approach, while
ensuring capture of all available data, limits statistical
power for some comparisons. Fourth, reliance on medical
records for clinical features, such as trismus, rather than
standardized measurements, may introduce variability in
assessment. Fifth, we lack long-term follow-up data
beyond hospital discharge, which prevents an assessment
of delayed complications or readmission rates.

Future research should include prospective studies
with standardized assessment protocols and larger
cohorts to better elucidate relationships between patient
characteristics, infection patterns, airway management,
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and outcomes. The observed bidirectional association
between BMI and outcomes warrants prospective valida-
tion with standardized nutritional assessments. Develop-
ing risk stratification tools incorporating predictors of
prolonged hospitalization and ICU admission could opti-
mize resource allocation. Investigating targeted interven-
tions for high-risk  patients, particularly those
with pharyngeal space involvement or risk factors for
septic shock, may improve outcomes in this vulnerable
population.

Conclusion

This retrospective analysis demonstrates that AFOIl was pref-
erentially selected for anatomically challenging cases of
severe odontogenic infections, particularly those with tris-
mus and elevated BMI. While these patients experience
more complex perioperative courses, including higher rates
of postoperative mechanical ventilation and ICU admission,
these outcomes reflect underlying disease severity rather
than technique-related complications. The ability to achieve
spontaneous ventilation postoperatively emerges as a key
prognostic indicator, while septic shock, though rare, is
strongly associated with prolonged recovery. These findings
support individualized airway management strategies based
on objective clinical criteria and highlight the need for insti-
tutional preparedness to manage these increasingly complex
infections.
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KEYWORDS Abstract

Anesthesia; Background: Pulmonary aspiration during anesthesia, though rare, can be catastrophic. Gastric
Cerebral palsy; ultrasound provides an objective assessment of gastric contents and may be particularly relevant
Fasting; for children with Cerebral Palsy (CP), who are at risk of delayed gastric emptying.

Preoperative period; Methods: We conducted a cross-sectional study in a pediatric hospital including children sched-
Pyloric antrum; uled for elective surgery per ASA fasting guidelines. Preoperative gastric ultrasound measured
Ultrasound antral CSA in right lateral decubitus, and gastric volume was estimated using the Perlas formula.

Fasting time, medication use, and clinical data were recorded. Group comparisons used Wil-
coxon, Fisher’s exact, or Chi-Square tests; multiple linear regression adjusted for confounders.
Results: Sixty-two children were studied: 30 with Cerebral Palsy (CP) and 32 controls. No patient
exceeded the high-risk gastric volume threshold (1.5 mL.kg™") and no surgeries were cancelled.
CP patients had shorter fasting times (6.5 vs. 8.0 h; p < 0.001) and higher medication use (47%
vs. 6.3%; p < 0.001). Gastric CSA (4.0 vs. 3.0 cm?; p < 0.001) and estimated gastric volume per
kg (0.7 vs. 0.4 mL.kg"; p < 0.001) were greater in CP. Multivariable models showed attenuation,
but quantile regression confirmed higher lower CSA (+1.25 cm?; p = 0.007). Excluding medication
users, CP remained associated with greater gastric volume.

Conclusions: Children with cerebral palsy exhibit larger CSA and higher gastric volumes despite
adequate fasting. Although clinically safe, these findings support the role of gastric ultrasound in
preoperative risk assessment for this vulnerable group.
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Introduction

Pulmonary aspiration during anesthesia is a rare but cata-
strophic event, which can lead to a mortality rate of 9%."
Preoperative fasting is essential to prevent complications of
this nature. Over the years, fasting protocols have been
updated and there has been a trend towards flexibility, espe-
cially in relation to ingested liquids.?>

Current guidelines encourage the ingestion of liquids
without residues up to two hours before surgery, to reduce
patient discomfort, catecholamine release and hemody-
namic complications related to dehydration.®

The growth of portable ultrasound in surgical centers has
sparked interest in its use as a diagnostic method to evaluate
gastric contents. Measuring the Cross-Sectional Area (CSA)
of the gastric antrum has proven useful for scenarios in
which fasting is doubtful or there is some risk factor for pul-
monary aspiration.”

The gastric residual volume that increases the risk of
aspiration is considered to be above 1.5 mL.kg™'.% Therefore,
patients taking continuous medications could take them
together with a glass of water up to two hours before surgery
without compromising fasting. However, there is significant
interindividual variation in gastric emptying, regardless of
the duration of fasting, with some patients still presenting
residual gastric content even after prolonged fasting.’

Despite the current trend towards reducing fasting time
for clear liquids recommended by several international pedi-
atric societies;? other societies continue to recommend tra-
ditional fasting times.® This conflict in the literature has
raised questions and many studies are underway to try to
clarify the ideal fasting time for different populations.

Patients with cerebral palsy represent a group of individ-
uals who may benefit from advances in this specific research
area. They are considered a challenge in anesthetic induc-
tion, as they may have delayed gastric emptying and are fre-
quently consuming anticonvulsants and muscle relaxants
that should not be discontinued. '

This study was designed to estimate gastric content and vol-
ume by ultrasonography in children with and without cerebral
palsy undergoing elective surgical procedures and who fol-
lowed the traditional preoperative fasting strategy recom-
mended by the American Society of Anesthesiology (ASA).°

Also, we wanted to verify whether patients with cerebral
palsy require a preoperative fasting period longer than rec-
ommended, in order to increase safety of anesthetic induc-
tion in this group of individuals.

Methods

The study was performed in an exclusive pediatric hospi-
tal, and was submitted to and approved by the research
Ethics Committee and registered under number CAAE
52573121.0.0000.0097. Patients were selected on the day of
surgery in the admission room of the surgical theater and after
the application of the informed consent form. Data collection
was performed at a single time before anesthetic induction by
the same trained operator, according to the standard scanning
protocol,"" no premedication was used. The period of recruit-
ment was 12 months. This article followed EQUATOR Reporting
Guidelines.

Children under 18 years of age, with or without cerebral
palsy scheduled for elective surgical procedures were
selected. All patients without cerebral palsy were ASA | class
(without comorbidities or healthy). We excluded patients
with previous gastrointestinal surgery, gastric tubes or sto-
mas, anatomical abnormalities of the gastrointestinal tract
and pregnancy.

All patients followed the preoperative fasting guideline
recommended by the ASA.3

A convenience sample of 30 patients with cerebral palsy
and 32 healthy patients was recruited representing the two
groups of study.

The use of medications was not an exclusion criterion due
to the difficulty of sampling without their use. No formal a
priori sample size calculation was performed. The chosen
sample size was based on feasibility within the study period.

Ultrasound assessment

All ultrasound scans were performed in the morning to
avoid prolonged fasting, with the same ultrasound device
(M-turbo Sonosite) and a low-frequency curved transducer
(2 to 6 MHz) by a single operator. Patients were first
scanned in the Supine Position (SP) and then in the Right
Lateral Decubitus (RLD). The transducer was placed in the
sagittal plane at the epigastric region to visualize the gas-
tric antrum between the left hepatic lobe and the pancreas
at the level of the aorta. The cross-sectional area of the
gastric antrum (CSA) was calculated using the RLD ultra-
sound image, based on the two-diameter Craniocaudal (CC)
and Anteroposterior (AP) method formula as previously
described by Perlas et al.:® CSA = (AP x CC x 1) / 4.

Qualitative assessment of the gastric content was initially
performed, resulting in three possibilities: 1) Empty-anterior
and posterior walls juxtaposed; 2) Hypoechoic liquid content
or 3) Solid content, distended lumen with a “ground glass”
appearance. Then, the total Volume (V) of gastric fluid was
estimated in milliliters using the mathematical model vali-
dated and suggested by Perlas et al., through the following
formula:® V. = 27.0 + 14.6 x CSA in RLD — 1.28 x age;
where: Volume in milliliters (mL); CSA in right lateral decu-
bitus in cm?; Age in full number of years.

Parameter data were recorded on an electronic spread-
sheet where individual data regarding age, sex, weight,
type of surgery, fasting time and continuous medications
were also recorded.

For each patient, fasting intervals for solids and clear
liquids were recorded separately, in accordance with ASA
guidelines. These variables were analyzed both as continu-
ous values (hours) and categorical thresholds (< 8 h vs. > 8
h), for solids and liquids independently.

Statistical analysis

Continuous variables were summarized as medians with
Interquartile Ranges (IQR) and compared between groups
using the Wilcoxon rank-sum test. Categorical variables
were compared using Fisher’s exact test or the Chi-Squared
test, as appropriate. The primary outcome was the gastric
antral Cross-Sectional Area (CSA). Between-group differen-
ces in CSA were estimated using the Hodges-Lehmann
method for the median difference, with 95% Confidence
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Intervals (95% Cl). To adjust for potential confounding, a
multivariable linear regression model was fitted including
age, weight, fasting time (in hours, as a continuous vari-
able), and continuous medication use. Model assumptions
were verified through residual diagnostics, and robust (HC3)
standard errors were applied when heteroscedasticity or
non-normality was identified. Sensitivity analyses were per-
formed using quantile regression to explore the effect of
group status across the distribution of CSA, rather than
focusing solely on the mean. In addition, estimated gastric
volume (mL) and weight-adjusted volume (mL.kg™"), derived
from established ultrasound-based equations, were evalu-
ated as secondary complementary outcomes to provide clini-
cally interpretable measures. All tests were two-sided, and
a p-value < 0.05 was considered statistically significant.

Results

The study included 62 patients, 30 with cerebral palsy and
32 without cerebral palsy. No patient presented solid or lig-
uid content above 1.5 mL.kg™; therefore no one had an “at-
risk stomach”. No surgical procedures were postponed or
canceled. The most common interventions were application
of botulinum toxin in the cerebral palsy patients and circum-
cision in the healthy ones.

Half of the patients in the cerebral palsy group were users
of anticonvulsant medications and muscle relaxants such as
Baclofen, carbamazepine, phenobarbital, cannabidiol, val-
proic acid, quetiapine, risperidone, lamotrigine (summa-
rized in Supplementary Table).

Baseline characteristics are summarized in Table 1.
Median age and weight were comparable between groups.
However, fasting duration was significantly shorter in chil-
dren with cerebral palsy (6.5 vs. 8.0 h, p < 0.001), and con-
tinuous medication use was more frequent (47% vs. 6.3%,
p < 0.001). The gastric antral Cross-Sectional Area (CSA) was

Table 1

significantly larger in the cerebral palsy group (median 4.0
vs. 3.0 cm?, p < 0.001), as was the estimated gastric volume
per kilogram (0.7 vs. 0.4 mL.kg™", p < 0.001). Visible residual
fluid in the right lateral decubitus position was observed only
in the cerebral palsy group (13%, p = 0.049).

In the multivariable linear regression model for CSA
(Table 2), cerebral palsy was associated with a mean CSA
increase of +0.92 cm? after adjustment for age, weight, fast-
ing time, and medication use. This effect did not reach sta-
tistical significance (95% CI -0.27 to 2.10, p = 0.13). None of
the covariates showed significant independent associations
with CSA.

Quantile regression results are presented in Table 3. The
effect of cerebral palsy on CSA was most pronounced at the
lower quartile (r = 0.24), with an estimated difference of
+1.25 cm? (95% Cl 0.36 to 2.16, p = 0.007). At the median
(r = 0.50) and upper quartile (r = 0.75), the differences
were smaller and not statistically significant. These findings
suggest that children with cerebral palsy consistently
avoided the very low CSA values observed in controls.

For estimated gastric volume (Table 4), the unadjusted
comparison showed significantly higher values in the cere-
bral palsy group (median 23 vs. 10.5 mL, p < 0.001). How-
ever, in the adjusted model, the group effect was
attenuated (+1.9 mL, 95% Cl -4.0 to 7.8, p = 0.50). Age was
strongly associated with increased gastric volume (+2.9 mL.
year™, 95% Cl 1.8 to 4.0, p < 0.001), whereas fasting time
and medication use did not reach significance.

Table 3 Quantile regression for gastric CSA.

0.25 +1.26 0.36t02.16 0.007
0.50 +0.68 —0.28to1.64  0.16
0.75 +1.00 —0.66t02.66  0.23

CSA, Cross-Sectional Area; Cl, Confidence Interval.

Clinical and demographic characteristics of the study population.

Age, years, median (IQR) 6.5(3.0-12.0)
Weight, kg, median (IQR) 31.0(18.0—42.5)
Fasting time, h, median (IQR) 8.0 (8.0-9.5)
Gastric CSA, cm?, median (IQR) 3.0(2.0-4.0)
Volume, mL.kg™", median (IQR) 0.4 (0.3-0.6)
Visible fluid (right lateral) 0 (0%)
Continuous medication use, n (%) 2 (6.3%)

9.0 (6.0-12.0) 0.10
29.0 (18.0-40.0) 0.90
6.5 (2.0-8.0) <0.001
4.0 (4.0-5.0) <0.001
0.7 (0.6—0.9) <0.001
4 (13%) 0.049
14 (47%) <0.001

CSA, Cross-Sectional Area; IQR, Interquartile Range.

Table 2 Multivariable linear regression for gastric CSA.

Group (cerebral palsy vs. control) +0.92
Age (years) -0.02
Weight (kg) +0.02
Fasting time (h) -0.07
Continuous medication (yes vs. no) +0.96

—0.27t02.10 0.13
—0.24t00.19 0.80
—0.05t00.10 0.60
—0.28t00.13 0.50
—0.54t02.50 0.20

CSA, Cross-Sectional Area; Cl, Confidence Interval.
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Table 4  Multivariable linear regression for estimated gastric volume.

Group (cerebral palsy vs. control) +1.9
Age (years) +2.9
Weight (kg) -0.25
Fasting time (h) —0.88
Continuous medication (yes vs. no) +3.5

—4.0t07.8 0.50
1.8t04.0 < 0.001
—0.63t00.12 0.20
—-1.9t00.13 0.087
—4.0to 11 0.40

Cl, Confidence Interval.

Table 5

Descriptive characteristics of the study population (three-group comparison).

Age (years) 6.5(3.0-12.0) 9.0 (6.0 —11.0) 10.0 (5.5 — 12.0) 0.20
Weight (kg) 31.0 (18.0 — 42.5) 28.0 (20.0 — 38.0) 31.5(18.0 — 42.0) 0.90
Fasting time (hours) 8.0 (8.0 —9.5) 2.0(2.0-2.0) 8.0(7.5-28.0) < 0.001
Type of last intake < 0.001
Breast milk or formula 0(0%) 1(7.1%) 3(19%)
Clear liquid 0(0%) 11 (79 %) 1(6.3%)
Solid food 32 (100 %) 2 (14 %) 12 (75 %)
Gastric CSA (cm?) 3.0(2.0-4.0) 4.5(4.0-7.0) 4.0 (3.5 -4.5) < 0.001
Estimated gastric 0.4 (0.3 -0.6) 0.7 (0.6 —1.4) 0.6 (0.5-0.8) < 0.001
volume (mL.kg")
No visible fluid (supine) 32 (100 %) 14 (100 %) 16 (100 %) -
No visible fluid (right 32 (100 %) 10 (71 %) 16 (100 %) 0.002

lateral)

@ Kruskal-Wallis rank-sum test for continuous variables; Fisher’s exact test for categorical variables.

Data are median (Q1, Q3) or number (%).
CSA, Cross-Sectional Area.

A subgroup analysis excluding children on continuous
medication (16 cerebral palsy vs. 30 controls) showed that,
with comparable fasting times and no gastroparesis-inducing
drugs, cerebral palsy was associated with an 8—10 mL higher
gastric volume (p = 0.03) (Supplementary Table).

Descriptive statistics and group comparisons are shown
in Table 4. Median fasting time and type of intake differed
significantly across groups (p < 0.001). Children with CP
using medications presented markedly shorter fasting
times and larger gastric antral Cross-Sectional Areas (CSA)
and estimated gastric volumes per kilogram. Significant
group differences were confirmed for both CSA and gastric
volume.kg™ (p < 0.001). Visible fluid in the right lateral
decubitus position was observed only in the medicated CP
group (p = 0.002).

Table 5 Descriptive characteristics of the study popula-
tion by group. An additional comparative analysis including
three distinct groups: 1) Healthy controls, 2) Children with
Cerebral Palsy (CP) using medications known to affect gas-
tric emptying, and 3) Children with CP not using such medi-
cations.

Discussion

It is well known that prolonged fasting (over 24 hours) can
delay gastric emptying.'? According to the most current pro-
tocols, early refeeding in the postoperative period, as well
as a minimum period of preoperative fasting, is ideal.2* '3

In addition to fasting, the use of ultrasound has improved
the safety and quality of anesthesia by guiding the adoption
of more appropriate strategies to reduce aspiration and by
assessing the nature and volume of gastric contents.” '
With adequate training, the success rate in the evaluation
and correct measurement of the gastric antrum can reach
95%.15,16

Cerebral palsy is a permanent condition of delayed neu-
ropsychomotor development attributed to non-progressive
fetal or early childhood disorders.”"'® Furthermore, delayed
gastric emptying in patients with cerebral palsy has been
reported even with adequate fasting.'®

In this series, cerebral palsy patients presented a higher
antrum CSA than healthy patients and consequently a larger
estimated gastric volume.

However, when we inferred about gastric emptying by
correcting the variables for fasting time, age and medication
use, this difference was not statistically significant, proba-
bly due to the limited sample size. Adjusted analysis indi-
cates that part of the higher CSA observed in children with
cerebral palsy is associated with confounding factors (espe-
cially fasting time and medication use), as controlling for
these factors reduced the significance of the difference
between the groups. However, robust statistical methods
indicate that the difference in CSA still persists, suggesting
that the neurological condition itself possibly contributes to
greater gastric filling independently of these factors.

Although children with cerebral palsy presented more fluid
in the lateral decubitus position, this was associated with the
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use of continuous medications and shorter fasting time. Chil-
dren with cerebral palsy and their parents were advised not to
discontinue anticonvulsants and muscle relaxants before pro-
cedures resulting in shorter fasting time, which was a con-
founding factor in half of the children of this group.

No child had a full stomach (solid or liquid content above
1.5 mL.kg"). This may be attributable to the rigorous preop-
erative fasting and it aligns with results of similar studies in
the recent literature.?°

One limitation of dealing with this disease is that there are
several degrees of impairment in cerebral palsy; some patients
are completely dependent on mechanical ventilation, and
other patients are able to walk and feed themselves without
the help of tubes or stomas.?! This variability in the degrees of
impairment of cerebral palsy may have led to no difference
being initially found in the groups, since the most severe cases
were excluded for being users of gastrostomy.

In a recent study, it was not possible to correlate the
severity of the disease and the increase in gastric volume,?°
possibly due to the same limitation of humber and homoge-
neity present in the sample of our study.

Furthermore, the mathematical formula used to estimate
gastric volume has not yet been validated in children, espe-
cially in those with cerebral palsy, who may have distortions
in their results since, compared to healthy children of the
same age, they are smaller.?’

There was difficulty in increasing the sample of patients
with cerebral palsy because it is an uncommon condition,
and the most severe patients with gastrostomies and gastric
tubes were excluded from the study. In addition, during the
data collection period, although some patients had returned
to the hospital to undergo a new procedure, they were not
included again in the sample.

The use of gastric ultrasound in this specific area of clini-
cal investigation still requires some standardization, includ-
ing, for example, the definition of minimum training
requirements for anesthesiologists to ensure accurate
assessments. "> The gold standard for more accurate assess-
ment continues to be scintigraphy,?? however, its use in a
preoperative scenario is unfeasible. In addition, most of the
data currently published refer to healthy adults. The volume
assessment models, in particular, have only been validated
for adult and non-pregnant populations, and more data are
needed from pediatric populations.?

A subgroup analysis excluding children on continuous
medication suggests that medication use and shorter fasting
partially masked the effect of the neurological condition.
When controlled, cerebral palsy itself impacted residual gas-
tric volume, likely due to reduced gastrointestinal motility.
Despite reduced sample size and potential selection bias,
the evidence supports a genuine effect of cerebral palsy on
increasing gastric volume.

The three-group comparative analysis confirmed that the
use of medications known to delay gastric emptying is asso-
ciated with shorter fasting times and higher gastric volume.
However, even among non-medicated children with cerebral
palsy, gastric volume remained higher than in healthy con-
trols, suggesting that the neurological condition itself con-
tributes to altered gastric motility independently of
pharmacologic effects.

Possibly a larger and more homogeneous sample, exclud-
ing the use of medications that can affect gastric emptying,

could show a more reliable result regarding the neurological
disease and its impact on the digestive tract.

The major difficulty in carrying out this type of work was
obtaining a relatively large, homogeneous sample, free of
confounding factors such as the use of medications, surger-
ies or malformations of the gastrointestinal tract.

Our results reinforce the use of tools such as ultrasound in
special cases, such as pregnant women, diabetics, and those
with neurological and digestive tract diseases, since there is
no harm to the patient in applying this method.”

3D and 4D ultrasound are newer imaging modalities that
may play a future role in gastric ultrasound evaluation and
bring greater safety to clinical practice.?*

Conclusion

Pediatric patients with cerebral palsy demonstrated signifi-
cantly larger gastric antral CSA and higher estimated gastric
volumes than healthy controls, despite adherence to preopera-
tive fasting guidelines. Although none exceeded the threshold
for aspiration risk, these findings suggest that neurological
impairment itself may contribute to increased residual gastric
content, and these patients may require individualized preop-
erative fasting strategies, incorporating adjunctive tools such
as gastric ultrasound. Larger studies, including patients across
the full spectrum of cerebral palsy severity, are warranted to
confirm these results and refine clinical recommendations.

Data availability statement
The datasets generated and/or analyzed during the current

study are available from the corresponding author upon rea-
sonable request.

Al assistance disclosure
The authors declare that no Artificial Intelligence (Al) tools
were used in the preparation, writing, language editing, or

analysis of this manuscript. The authors take full responsibil-
ity for the integrity and accuracy of its content.

Funding
This study was supported by a scholarship from the Surgical

Department of the Federal University of Parana (CAPES—DS
agency, government program, grant number 40001016018P0).

Conflicts of interest

The authors declare no conflicts of interest.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.bjane.2026.844728.



C.P. Bernardin, J.T. Menck, B.B. dos Santos et al.

Associate Editor

Vinicius Caldeira Quintao

References

1.

Green SM, Mason KP, Krauss BS. Pulmonary aspiration during
procedural sedation: a comprehensive systematic review. Br J
Anaesth. 2017;118:344—54.

. Zhang E, Hauser N, Sommerfield A, Sommerfield D, von Ungern-

Sternberg BS. A review of pediatric fasting guidelines and strat-
egies to help children manage preoperative fasting. Paediatr
Anaesth. 2023;33:1-8.

. Ghimire A, Moharir A, Yamaguchi Y, Tram NK, Tobias JD. Preop-

erative gastric point-of-care ultrasound in nonelective surgical
procedures in pediatric-aged patients. Saudi J Anaesth.
2024;18:17-22.

. Frykholm P, Disma N, Andersson H, et al. Pre-operative fasting

in children: a guideline from the European Society of Anaesthe-
siology and Intensive Care. Eur J Anaesthesiol. 2022;39:4—25.

. Valencia A, Trujillo A, Arango F. Preoperative ultrasound

evaluation of gastric contents in children one hour after
ingestion of clear liquid: an observational study. Saudi J
Anaesth. 2023;17:368—-72.

. American Society of Anesthesiologists Task Force on Preopera-

tive Fasting. Practice guidelines for preoperative fasting and
the use of pharmacologic agents to reduce the risk of pulmonary
aspiration. Anesthesiology. 2017;126:376—93.

. Valero Castaner H, Vendrell Jorda M, Sala Blanch X, Valero R.

Preoperative bedside ultrasound assessment of gastric volume
and evaluation of predisposing factors for delayed gastric emp-
tying: a case—control observational study. J Clin Monit Comput.
2021;35:483-9.

. Van de Putte P, Perlas A. Ultrasound assessment of gastric con-

tent and volume. Br J Anaesth. 2009;113:12—22.

. Valadares CP, Duarte MA, Silva RAP, Tavares Junior WC, Penna

FJ. Correlation between gender, age, body mass index, body
surface area and ultrasonographic gastric emptying time of a
milk formula in children and adolescents. Rev Med Minas Gerais.
2008;18(Suppl 1):533-9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Aradjo LA, Silva LR, Mendes FAA. Neuronal control and digestive
manifestations in cerebral palsy. J Pediatr (Rio J). 2012;88:455—64.
Cubillos J, Tse C, Chan VWS, Perlas A. Bedside ultrasound
assessment of gastric content: an observational study. Can J
Anaesth. 2012;59:416—23.

Jones RB, Dockray GJ, Thompson DG. The effects of fasting
duration on gastric emptying in man. Neurogastroenterol Motil.
2012;24:1-8.

Brindle ME, McDiarmid C, Short K, et al. Consensus guidelines
for perioperative care in neonatal intestinal surgery. World J
Surg. 2020;44:2482-92.

Zhang G, Huang X, Shui Y, Luo C, Zhang L. Ultrasound to guide
the individual medical decision. Asian J Surg. 2020;43:1142—-8.
Arzola C, Carvalho JCA, Cubillos J, Ye XY, Perlas A. Anesthesiolo-
gists’ learning curves for ultrasound assessment of gastric con-
tent. Can J Anaesth. 2013;60:771-9.

da Rocha CAT, Kamada LMK, de Andrade Filho PH, Villaverde IA,
Shiro JYB, Silva JM. Ultrasonographic evaluation of gastric con-
tent and volume. Rev Assoc Med Bras. 2020;66:1725—30.

Gulati S, Sondhi V. Cerebral palsy: an overview. Indian J Pediatr.
2018;85:1006—16.

Martinelli M, Staiano A. Motility problems in developmental dis-
orders. In: Di Lorenzo C, Thapar N, Faure C, eds. Pediatric Neu-
rogastroenterology, Cham: Springer International Publishing;
2017:303-9.

Andrew MJ, Parr JR, Sullivan PB. Feeding difficulties in children
with cerebral palsy. Arch Dis Child Educ Pract Ed. 2012;97:222-9.
Han J, Na HS, Min S, Shin HJ. Preoperative gastric volume
assessment using ultrasound in cerebral palsy pediatric
patients: a prospective observational study. Braz J Anesthesiol.
2024;74:844541.

Alshryda S, Wright J. Development and reliability of a system
to classify gross motor function. Clin Orthop Relat Res.
2014;472:575-7.

Szarka LA, Camilleri M. Methods for measurement of gastric motil-
ity. Am J Physiol Gastrointest Liver Physiol. 2009;296:G461—75.
Perlas A, Mitsakakis N, Liu L, et al. Validation of a mathematical
model for ultrasound assessment of gastric volume. Anesth
Analg. 2013;116:357—63.

Manini ML, Burton DD, Meixner DD, et al. Feasibility and appli-
cation of three-dimensional ultrasound for gastric volume mea-
surement. J Pediatr Gastroenterol Nutr. 2009;48:287-93.



Brazilian Journal of Anesthesiology 2026;76(3): 844735

BJAN  Brazlian Journal of

ANESTHESIOLOGY

Brazilian Journal of

oreense ANESTHESIOLOGY

de Anestesiologia

ORIGINAL INVESTIGATION

Erector spinae plane block versus thoracic
paravertebral block in pediatric patients undergoing
percutaneous nephrolithotomy: a prospective
randomized clinical trial

Check for
updates

Fatma Nabil ©®2, Ahmed M. Mandour ®2, Amr M. Abdelgawad ® P, Deiaaeldin M. Tamer ©®°¢,
Ahmed A. Shahat ©®°, Mohamed Anwar ©2, Hany M. Osman ©® &*

2 Assiut University, Faculty of Medicine Department of Anesthesia Intensive Care and Pain Management, Assiut, Egypt
b Assiut University, Faculty of Medicine Department of Urology, Assiut, Egypt
¢ Assiut University, Faculty of Medicine Pediatric Department, Assiut, Egypt

Received 24 June 2025; accepted 25 January 2026
Available online 4 February 2026

KEYWORDS Abstract

Analgesia; Background: Percutaneous Nephrolithotomy (PCNL) is a well-established surgical procedure for
Anesthesia; removal of large, multiple, and complex renal calculi in children. Combining loco-regional tech-
Block; niques with general anesthesia has gained increasing popularity in pediatric anesthesia. The
Pediatric; objective of this trial was to evaluate the efficacy of Erector Spinae Plane Block (ESPB) versus
Percutaneous thoracic Paravertebral Block (PVB) in pediatric patients undergoing PCNL procedure.
nephrolithotomy; Methods: Fifty-six children, aged 2-7 years, who underwent PCNL procedure under general
Postoperative pain anesthesia were randomly assigned to receive either ESPB (n = 28) or thoracic PVB (n = 28) with

the same anesthetic mixture of 0.3 mL.kg™" bupivacaine 0.25% in epinephrine 1:100000. The pri-
mary outcome was time to first rescue analgesia (nalbuphine).

Results: The time to first rescue analgesia was 15.98 + 10.17 hours (95% Cl: 12.14—19.82) in the
ESPB group versus 18.18 + 9.18 hours (95% Cl: 14.7—21.58) in the thoracic PVB group with no sig-
nificant difference (p = 0.464, log-rank test). Moreover, the total dose and frequency of adminis-
tration of nalbuphine during the first 24 postoperative hours were comparable between the two
studied groups (p = 0.488 and 0.479 respectively). However, the time to conduct the block was
significantly shorter in the ESPB group versus the thoracic PVB group (4.37 4+ 1.08 minutes vs.
5.05 + 1.17 minutes respectively, p = 0.028).

Conclusion: ESPB was not found to be more effective than thoracic PVB for postoperative pain
management in children undergoing PCNL procedure. Moreover, intraoperative hemodynamics
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and maximum sevoflurane concentration were comparable. The time to conduct ESPB was signif-
icantly shorter; hence, it could be considered as an easy alternative to thoracic PVB for this pro-

cedure.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Over the past decades, Percutaneous Nephrolithotomy
(PCNL) has become a well-established procedure for extrac-
tion of large, multiple, and complex renal stones in pediatric
patients.! Despite being a minimally invasive procedure,
patients still experience postoperative pain that is attrib-
uted to renal capsule & parenchymal tract dilation, the cre-
ation of access tract via the tissues, and the nephrostomy
tube inserted by the end of the procedure.?

Nowadays, regional blocks are frequently used as adju-
vants to general anesthesia in pediatric patients to achieve
better operating conditions and less opioid consumption,
and to provide better postoperative analgesia.?

Paravertebral Block (PVB) has been used effectively for
pain relief in pediatric patients after renal surgeries includ-
ing PCNL procedure.*> Nevertheless, it requires high experi-
ence to minimize probable complications such as
pneumothorax, pleural puncture, epidural or intrathecal
spread, or vascular injury.

Erector Spinae Plane Block (ESPB) is a recently intro-
duced interfascial plane block that was first conducted for
neuropathic pain management.® Thereafter, ESPB was
reported for management of postoperative pain in numerous
surgical procedures in pediatric patients.””

The objective of this trial was to test whether ESPB is
more effective than thoracic PVB block for management of
postoperative pain in pediatric patients undergoing PCNL
procedure considering the time to first rescue analgesia as
the primary outcome.

Materials methods
Trial design, setting, and ethics

This prospective, randomized, assessor-blind, superiority
clinical study was performed at Assiut University Urology
Hospital after approval of its protocol by the Institutional
Review Board (IRB) of the Faculty of Medicine, Assiut Univer-
sity, Egypt, on July 21, 2022 (IRB number: 17300787). It was
also registered in clinicaltrials.gov (NCT05589649) before
recruitment. The study protocol was discussed with the
parents/legal guardians of the participants prior to obtain-
ing written informed consents. This study was carried out in
accordance with the Helsinki declaration (2013) and consid-
ering the Consolidated Standards of Reporting Trials (CON-
SORT) guidelines, including the flow diagram.'®

Participants, randomization, and masking

The inclusion criteria were children aged 2 to 7 years with
American Society of Anesthesiologists (ASA) physical status
class | or Il who were scheduled for PCNL procedure.

Exclusion criteria were refusal of the parent or legal guard-
ian, coagulation disorders, local site infection, known
allergy to the used drugs, spinal cord abnormalities, or neu-
rological deficits.

Based on a computer-generated random list conducted by
a biostatistician, the children who fulfilled the inclusion cri-
teria were allocated either to the ESPB group (n = 28) or tho-
racic PVB group (n = 28). Opaque, sealed envelopes were
used to conceal the allocation and were unsealed in the
morning of the procedure by a nurse who had no further
roles. For all patients, the regional blocks were conducted
by the same anesthesiologist who is well-experienced in
ultrasound-guided regional blocks in pediatric patients. This
anesthesiologist had no further participation in the periop-
erative management. Another anesthesiologist, who was
unaware of the regional block performed, was responsible
for intraoperative monitoring and management according to
the study protocol. Furthermore, assessment and manage-
ment of postoperative pain were achieved by a pediatrician
and trained nurses who were unaware of the group alloca-
tion.

General anesthesia and regional blocks

Thirty minutes before shifting to the Operative Theatre
(OT), all children were sedated orally with midazolam
(0.5 mg.kg™!, maximumly 15 mg). Inhalational induction of
anesthesia was performed with sevoflurane (2%-8%). There-
after, propofol (1 mg.kg™"), cis-atracurium (0.15 mg.kg™"),
and fentanyl (1 ug.kg™') were administered to facilitate
intubation then ventilation with parameters adjusted to
keep EtCO, as 35-40 mmHg. Anesthesia was continued with
sevoflurane (1-2 MAC) and incremental doses of cis-atracu-
rium.

After ensuring stable hemodynamic parameters, the
patient was turned into prone position then under fully asep-
tic conditions, either ESPB or thoracic PVB was performed
according to the patient’s group allocation. For all patients,
blocks were given under ultrasonographic guidance using a
linear transducer (Vivid S6, GE, 4-13 MHz). For both blocks,
the same volume was given as 0.3 mL.kg™" of the anesthetic
mixture (bupivacaine 0.25% in epinephrine 1:100000) in the
ipsilateral side of the surgical procedure.

In the ESPB group: T11 spinous process was identified by
counting from C7 spinous process downwards. The ultra-
sound transducer was then applied at this level in transverse
position to locate the tip of the T11 transverse process. The
transducer was then rotated to a longitudinal position to
visualize the Erector Spinae Muscle (ESM). Thereafter, a 22-
G echogenic needle (50—80 mm) was inserted using the in-
plane technique in a caudal-to-cranial direction aiming to
contact T11 transverse process. After negative aspiration,
the accurate needle tip position was verified by injecting 1-
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2 mL saline to elevate the ESM. Finally, the anesthetic mix-
ture was injected.

In the thoracic PVB group, T10 and T11 spinous processes
were identified by counting from C7 spinous process down-
wards. The ultrasound transducer was then applied in a par-
asagittal position slightly lateral to T10 and T11 spinous
processes to visualize the superior costotransverse ligament,
pleura, and paravertebral space. Thereafter, the needle was
inserted using the in-plane technique in a caudal-to-cranial
direction to penetrate the ligament targeting the T10-T11
paravertebral space. After negative aspiration, hydrolocali-
zation was done by injecting 1-2 mL saline to confirm the
correct position of the needle tip by displacing the ipsilat-
eral pleura anteriorly. Finally, the same anesthetic mixture
was injected.

Surgery was authorized to begin 15 minutes after the
regional blockade. Rise of the Heart Rate (HR) > 20% in
response to the surgical procedure was controlled first by
increasing the inspired concentration of sevoflurane to 4%
and then with a single bolus dose of fentanyl (1 pg.kg™).
Prior to the end of surgery, IV dexamethasone (0.2 mg.kg™),
ondansetron (0.1 mg.kg™"), and paracetamol (15 mg.kg™)
were administered to the patient. After returning the
patient to the supine position; sevoflurane was turned off,
and the neuromuscular agent was reversed. After extuba-
tion, the child was transferred to the Post-Anesthesia Care
Unit (PACU) for two hours and then to a surgical intermedi-
ate care unit.

Surgery

The surgical technique was standardized for all patients as
follows: while the patient in lithotomy position, the urethra
was anesthetized with lidocaine gel then, a 5-French ure-
teric catheter was inserted. The patient was then put into
prone position with careful padding of the knees and feet. A
16-gauge needle was used to access the pelvicalyceal system
through the targeted calyx under fluoroscopic guidance with
injection of contrast material through the ureteric catheter.
After introduction of a guidewire through the needle, the
percutaneous tract was dilated by serial dilators and estab-
lished by placing an 18-French access sheath. Nephroscopy
was done using a 12-French rigid nephroscope. After stone
disintegration using a ballistic lithotripter, the maneuver
was concluded by the placement of a 14-French nephros-
tomy tube that remained in place at least 24 hours postoper-
atively.

Postoperative pain management

Starting from admission to the PACU, patients were allowed
to be accompanied by one of their parents/care givers. Post-
operative pain was scored from 0-10 based on the Face,
Legs, Activity, Cry and Consolability (FLACC) scale."" Pain
assessment was done in the PACU at 0.5-, 1-, and 2 hours of
arrival; then in the surgical intermediate care unit at 4, 6,
12, and 24 hours. IV paracetamol was prescribed regularly
every six hours. If the pain score was > 4 during routine
assessment or in between upon patient or relative request,
nalbuphine (0.1 mg.kg™') was administered. If the pain score
remained > 4, another dose of nalbuphine was administered.

Block failure was considered if the patient received two
doses of nalbuphine in the PACU.

Study outcomes

The primary outcome was time to first rescue analgesia (nal-
buphine) based on FLACC > 4. The secondary outcomes
included the total dose and frequency of nalbuphine in the
first 24 hours postoperatively, the time needed to conduct
the block, the intraoperative HR and Mean Arterial Pressure
(MAP), the maximum inspired sevoflurane concentration,
and the incidences of complications.

Sample size calculation and statistical analysis

Based on a former trial,® in which the time to first rescue
analgesia after PVB was 664.4 + 223.4 minutes, G*Power 3
was used to compute the minimum sample size as 26
patients in each arm to detect an absolute difference of 0.8
in the meantime to first rescue analgesia assuming 40%
change and a power of 80%. A two-tailed p-value was consid-
ered statistically significant if < 0.05. To compensate for
probable dropouts, the sample was increased to 28 patients
in each arm.

SPSS-IBM (23.0) was utilized for data analysis. Variables
are presented as mean =+ standard deviation, number (%), or
median (Q1, Q3). Survival analysis with log Rank test and
Kaplan-Meier plot was done for time to first rescue analge-
sia. Numerical variables were compared with independent-
samples t-test/Mann-Whitney U test as appropriate. Chi-
Square/Fisher’s exact test was used as appropriate to com-
pare the categorical variables.

Results

From October 2022 to September 2023, we screened 73
patients. Out of them, 56 patients fulfilled the inclusion cri-
teria of this trial and were randomly enrolled into two equal
groups to receive ESPB or thoracic PVB. The surgical proce-
dure was changed for one patient intraoperatively. So, the
final analysis included 27 patients in the ESPB group and 28
patients in the thoracic PVB group (Fig. 1).

Patients’ characteristics are presented in Table 1. The
time to conduct the block was significantly shorter in the
ESPB group compared to the thoracic PVB group (p = 0.028).
The side and duration of surgery was not significantly differ-
ent between both groups (Table 1).

The survival analysis and the Kaplan-Meier plot showed
no significant difference between both groups in the time to
first rescue analgesia postoperatively (15.98 £+ 10.17 h [95%
Cl: 12.14—19.82] in the ESPB group versus 18.18 + 9.18 h
[95% Cl: 14.7—21.58] in the thoracic PVB group, [p = 0.464,
log-rank test]) (Fig. 2).

The percentages of patients who had FLACC scores < 4
without any rescue analgesia were comparable between
both groups during the first 2, 6, 12, and 24 hours postopera-
tively. Furthermore, during the first 24 hours postopera-
tively, the total dose and frequency of rescue analgesia
showed no significant differences between both groups
(Table 2). Only one patient in each group received two doses
of nalbuphine in the PACU to achieve a pain score < 4.
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[ Enrollment ]

Assessed for eligibility (n=73)

/

Excluded (n=17)
Not meeting inclusion criteria (n=11)
Declined to participate (n=6)
Other reasons (n=0)

Randomized (n=56)

| |

Allocation

) |

Allocated to ESPB group (n=28)
Received allocated intervention (n=28)
Did not receive allocated intervention (n=0)

Allocated to thoracic PVB group (n=28)
Received allocated intervention (n=28)

Did not receive allocated intervention (n=0)

(™ otown ] l

Discontinued intervention (n=0)

Lost to follow-up for primary outcome (intraoperative
change of the surgical procedure) (n=1)

Completed the study protocol (n=27)

Discontinued intervention (n=0)
Lost to follow-up for primary outcome (n=0)
Completed the study protocol (n=28)

1 [

Analysis

) l

Analyzed for primary outcome (n=27)
Excluded from analysis (n=0)

Figure 1
PVB, Paravertebral Block.

Baseline HR and MAP were comparable between
both groups, and so were the next intraoperative meas-
urements. Moreover, the percentage of children who had
> 20% increase in the HR after nephroscopy did not
significantly differ between both groups. There was also

Table 1

Analyzed for primary outcome (n=28)
Excluded from analysis (n=0)

Consolidated standards of reporting trials (CONSORT) flow diagram of the participants. ESPB, Erector Spinae Plane Block;

no significant difference in the maximum inspired
sevoflurane concentration (Table 3). No cases of pneumo-
thorax, Local Anesthetic (LA) toxicity, repeated
vomiting, or significant hemodynamic changes were
reported.

Patients’ characteristics and anesthetic and surgical data.

4.49 £ 1.66
12/15

Age (years)
Gender (male/female)

Weight (kg) 16.0 (13.0-19.0)
Height (cm) 106.0 (90.0-110.0)
ASAPS (I/11) 18/9

Time to conduct the block (min) 4.37 +1.08

Side of surgery (right/left) 16/11

Duration of surgery (min) 86.41 +21.89

4.91+1.44
11/17

17.0 (15.0-20.0)
107.0 (101-115)

15/13 0.3222
5.05+1.17 0.028°
13/15 0.3412
84.75 &+ 31.73 0.823°

Data are presented as mean =+ SD, median (Q1, Q3), or number.

ESPB, Erector Spinae Plane Block; PVB, Paravertebral Block; ASA PS, American Society of Anesthesiologist Physical Status.

@ Chi-Square test.
® Independent sample t-test
Statistically significant difference is considered as p-value < 0.05.
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Figure 2 Kaplan-Meier survival plot illustrating the time to

first rescue analgesia in both groups. ESPB, Erector Spinae Plane
Block; PVB, Paravertebral Block.

Discussion

In this trial, the analgesic efficacy of ESPB was compared to
that of thoracic PVB in children undergoing PCNL procedure.
The main findings of this trial were that the time to first res-
cue analgesia and the total dose and frequency of nalbu-
phine administration in the first 24 hours postoperatively
were comparable in both arms.

Over several decades, caudal block was the most common
regional block to be conducted with general anesthesia for
pediatric patients undergoing infraumbilical surgeries.'?
However, with the advances in ultrasound technology, new
regional techniques emerged with an observed gradual

Table 2 Postoperative pain.

transition from central neuraxial blocks to peripheral and
truncal blocks.'® An additional advantage of the truncal
blocks is the injection of the anesthetic agents in a muscle
plane with no need to identify a certain plexus or nerve.™
Among those are the thoracic PVB and ESPB.

Providing adequate analgesia for patients undergoing
open renal surgeries or PCNL requires blocking both the vis-
ceral and somatic innervations to the kidney, ureter, muscle,
and skin. This can be readily achieved by ipsilateral paraver-
tebral block at the level of T10-L1.">"® In this context, tho-
racic PVB has been reported in many occasions to provide
effective analgesia for open renal surgeries or PCNL proce-
dures in pediatric patients.*>'”

Shortly after its first description in 2016,° several case
reports and series reported ESPB as part of the analgesia in
pediatric patients undergoing numerous surgical proce-
dures.® Holland et al.'® reviewed the data of 164 children
who received ESPB at a single institution, and reported
encouraging results in the surgeries that involved incisions
from T1-L4. Another retrospective observational study
reported that ESPB was effective to achieve opioid-free
analgesia after different surgical procedures in pediatric
patients.' These initial promising findings encouraged the
design of Randomized Clinical Trials (RCTs) that reported
positive results in pediatric patients undergoing different
surgical procedures in terms of reduced postoperative pain
scores and decreased intraoperative and postoperative opi-
oid and non-opioid analgesic consumption.?’?? Further-
more, some trials reported ESPB to be more effective than
caudal block in lower abdominal, renal, and hypospadias sur-
geries. 2224

In the literature, various studies evaluated using the ESPB
for pain management in adult patients undergoing PCNL pro-
cedure. Liu et al.,?® in a meta-analysis that included 456
adult patients in eight RCTs, described ESPB as a safe and
effective technique for this purpose as compared to no
block, local anesthetic infiltration, or conventional intrave-
nous analgesia.

FLACC score < 4 without any res-
cue analgesia

During the first 2 postoperative 21 (77.8)
hours
During the first 6 postoperative 19 (70.4)
hours
During the first 12 postoperative 16 (59.3)
hours
During the first 24 postoperative 16 (59.3)
hours
Rescue analgesia during the first 24
hours
Total dose of nalbuphine (mg) 0(0,2)
Frequency of nalbuphine 0(0, 1)

24 (85.7) 0.907 (0.705-1.167)  0.4467
22 (78.6) 0.896 (0.656-1.224)  0.485%
20 (71.4) 0.830 (0.561-1.226)  0.3432
19 (67.9) 0.873 (0.583-1.307)  0.5082
0 (0, 1.65) 0.488°
1(0,1) 0.479°

Data are presented as number (%) or median (Q1, Q2).

ESPB, Erector Spinae Plane Block; PVB, Paravertebral Block; RR, Relative Risk; Cl, Confidence Interval; FLACC, Face, Legs, Activity, Cry,

and Consolability.
2 Chi-Square test.
b Mann-Whitney U test.
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Table 3  Intraoperative data.

Patients with > 20% increase in HR after 1(3.7)
nephroscopy

HR (beats/min)

Baseline 112.93 £ 19.62

113.15+25.33
100.48 + 20.03
101.63 £+ 20.77
102.78 +£19.25

5 minutes after intubation
Before nephroscopy

1 min after nephroscopy
During skin closure

MAP (mmHg)
Baseline 71.62 +12.10
5 minutes after intubation 69.7 +12.50
Before nephroscopy 68.59 +12.92
After nephroscopy 70.15 + 11.61
During skin closure 75.85 + 14.67
Maximum inspired sevoflurane (%) 2.1 (1.8-2.7)

3(10.7) 0.3192
109.57 & 14.97 -12.77, 6.06 0.478°
102.32 £ 13.73 -21.99, 0.37 0.057°
93.75 + 10.69 -15.53, 2.07 0.345°
98.71 % 14.51 -12.58, 6.75 0.893°
97.21 +12.48 -14.31, 3.18 0.427°
69.74 +17.86 -10.32, 6.57 0.226°
64.68 = 10.11 -11.24, 1.14 0.129°
71.50 & 14.39 -4.50, 10.31 0.469°
70.50 + 11.45 -5.95, 6.65 0.913°
74.82 £12.75 -8.45, 6.39 0.782°
2 (1.9-2.4) 0.892°¢

Data are presented as mean + SD, median (Q1, Q3), or number (%).

ESPB, Erector Spinae Plane Block; PVB, Paravertebral Block; HR, Heart Rate; MAP, Mean Arterial Pressure.

2 Fisher’s Exact test.
® Independent sample t-test
€ Mann-Whitney U test.

To our knowledge, the current trial is the first to compare
ESPB with thoracic PVB in pediatric patients undergoing
PCNL procedure. Consistent with our findings, Khot et al.?®
compared both blocks in adult patients undergoing PCNL
procedure and reported that both blocks were equally effec-
tive in providing postoperative analgesia. Similarly, Fan et
al.?” compared both blocks for pain management after lapa-
roscopic nephrectomy in adult patients and reported that
ESPB provided non-inferior analgesia within the first 24 hours
postoperatively.

In PVB, the LA is injected into the Paravertebral Space
(PVS) to block the spinal nerves in close proximity to their
roots generating ipsilateral sensory, motor, and sympathetic
block.>8 In ESPB, the target is to inject the LA into the erec-
tor spinae facial plane, a virtual space beneath the erector
spinae muscle that communicates with the PVS. The exact
mode of action of ESPB is still not fully understood. However,
some imaging and cadaver models showed coverage of the
dorsal rami with frequent extension towards the ventral rami
and the PVS.8% This relative similarity of the mode of action
of ESPB and thoracic PVB may explain the comparable analge-
sic effects of both blocks that are noticed in the current study,
and in various previous studies.?¢:*"-3

In the current study, we used a single-shot technique.
This technique has been widely accepted as in both thoracic
PVB and ESPB, the injected local anesthetic agents tend to
spread caudally and cranially to cover multiple levels.’'®
Moreover, the single-shot technique is less time-consuming
and carries less risk of complications. In addition, we found
that the time to conduct the block was significantly shorter
in the ESPB group. This is consistent with some previous
results,?®3° and can be explained by the relative ease to get
the sono-anatomic view required to conduct the ESPB. More-
over, the site of injection is superficial compared to the par-
avertebral space which is deeper and has close proximity to
the pleura.®28 Nevertheless, in the current study, the statis-
tically significant difference in the time to conduct the block

between the two studied groups should be interpreted cau-
tiously as it did not reach a clinically important value. More-
over, the current study was not powered for this secondary
outcome.

The safety profile of any regional block is a cornerstone
that encourages or discourages considering it in clinical
practice as part of the anesthetic and analgesic plan. In this
study, no incidents of pneumothorax or LA toxicity were
mentioned in the two studied groups. In this context, Vec-
chione et al.,*' in their observational study that included
871 pediatric patients, described the thoracic PVB to have
low risk of complications. With regard to the ESPB, different
studies reported it as associated with no or low risk of com-
plications in the pediatric population undergoing various
types of surgeries.®?* Furthermore, De Cassai et al.>? ana-
lyzed 45 RCTs that included 1,386 adult patients who
received unilateral or bilateral ESPBs for different surgical
procedures and reported no complications. Therefore, in
general, the ESPB was described to have a better safety pro-
file compared with other loco-regional techniques including
the PVB,? and hence it can be advised as an alternative
whenever epidural block or PVB are contraindicated or diffi-
cult to conduct.

This work had some limitations. First, postoperative pain
was assessed by different nurses during the 24-hour period
of follow-up. Nevertheless, all the involved nurses were
well-trained to use the FLACC scale in pediatric patients.
Second, as we assumed a power of 80% during sample size
calculation and since no significant difference was detected
in the primary outcome, type Il error cannot be excluded
and small, yet clinically significant, differences might be
unrevealed. Third, the sample size might be insufficient to
compare the incidence of complications in both blocks.

Finally, we recommend further RCTs with larger sample
sizes to confirm the current findings or to detect small, yet
clinically significant differences between both groups. We also
suggest future RCTs with different volumes/concentrations of
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the local anesthetic, or with adding adjuvant agents to achieve
optimum postoperative pain management.

Conclusion

ESPB was not found to be more effective than thoracic PVB
for postoperative pain management in children undergoing
PCNL procedure. Moreover, the intraoperative hemodynam-
ics and maximum sevoflurane concentration were compara-
ble. The time to conduct ESPB was significantly shorter;
hence, it could be considered as an easy alternative to tho-
racic PVB for this procedure.
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KEYWORDS Abstract

Anesthesia and Introduction: Surgery remains one of the most important treatments for breast cancer. In this
analgesia; context, the quality of postoperative recovery has become a key concern. Adequate control of
Anesthesia recovery acute pain is essential to optimize patient comfort and recovery. Pregabalin may contribute to
periods; this goal by preventing central sensitization and reducing perioperative anxiety.

Mastectomy; Objectives: To evaluate the effect of perioperative pregabalin versus placebo on postoperative
Postoperative pain; recovery quality in patients undergoing breast cancer surgery.

Pregabalin Method: In this randomized controlled trial, 92 patients received either pregabalin (150 mg

orally, 1 hour before surgery) or a matching placebo, both prepared in identical capsules. The
primary outcome was the QoR-15 score measured preoperatively, and at 24 and 48 hours postop-
eratively. The 24- and 48-hour assessments were conducted via telephone. The QoR-15 is a vali-
dated instrument that assesses the quality of recovery, with total scores ranging from 0 (very
poor recovery) to 150 (excellent recovery). Secondary outcomes included opioid consumption,
pain scores, incidence of nausea and vomiting, and lengths of stay in the Post-Anesthesia Care
Unit (PACU) and hospital. An exploratory analysis of longitudinal changes in QoR-15 scores within
each group was also performed. Analyses were performed per protocol.

Results: Eighty-four patients completed the study. There were no differences in overall QoR-15
score between the groups at any of the three assessment time points (preoperative, 24h, and
48h). In the exploratory longitudinal within-group analysis, better maintenance of recovery qual-
ity was observed in the pregabalin group compared with baseline, with medians (IQR) of 138
(122.3—-145), 132.5 (125.8—135.3), and 134 (131.5—136) [p = 0.006 between 24h and 48h]. In
the placebo group, the medians (IQR) were 140 (128—145.3), 129 (126—134.3), and 134 (126.8
—136.3) [p = 0.002 between pre and 24h; p = 0.026 between pre and 48h].

"REBEC identifier: U1111-1278-3266.

* Corresponding author.
E-mail: fabiotoledonovo@gmail.com (F.V. Toledo).

https://doi.org/10.1016/j.bjane.2026.844749
0104-0014/© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).



F.V. Toledo, J.F. Meletti, L.M. Silva et al.

Conclusion: Although exploratory analysis showed a trend toward improvement within the pre-
gabalin group, there was no significant difference in QoR-15 scores between groups.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Breast cancer affects millions of women worldwide. In Brazil
alone, 73.610 new cases were reported in 2023." Surgery is
widely recognized as one of the most important and fre-
quently used treatments for breast cancer, particularly in
cases diagnosed at early stages.2 Consequently, the man-
agement of acute postoperative pain represents a funda-
mental component of care, as patients often experience a
combination of nociceptive and neuropathic pain. In addi-
tion, preoperative anxiety influences the subjective percep-
tion of pain and may contribute to increased postoperative
pain, morbidity, and mortality.’ In this context, pregabalin
has received attention due to emerging evidence supporting
its benefit in the multimodal perioperative management of
acute pain and anxiety.® Despite its limited formal indica-
tions, the off-label use of pregabalin has increased substan-
tially, making it the tenth most prescribed medication in the
United States in 2017.7

Therefore, it is essential to assess the effectiveness of
such medications using instruments that capture a patient-
centered perception of recovery.

Few studies in the literature have evaluated pregabalin’s
impact on the quality of recovery as a primary outcome, and
none of them have specifically focused on breast cancer
surgery.®® Hence, a gap remains in the literature regarding
a comprehensive evaluation of pregabalin use in the periop-
erative period, particularly in this surgical context.

We hypothesized that preoperative pregabalin, compared
with placebo, would improve the perception of recovery in
patients undergoing oncologic breast surgery, as assessed by
the Quality of Recovery-15 (QoR-15) questionnaire. In addi-
tion, secondary outcomes such as the incidence of nausea
and vomiting, opioid consumption, pain scores, and lengths
of stay in the PACU and hospital were also assessed.

Methods

Study design and participants

This was a prospective, randomized clinical trial. Eligible
patients were aged 20—65 years, classified as ASA | or |l
(American Society of Anesthesiologists), and scheduled for
elective oncologic breast surgery at the University Hospital
of the Jundiai Medical School, Sao Paulo, between Septem-
ber 2022 and December 2023. All procedures were per-
formed by the same surgical team. Patients initially enrolled
in the study were subsequently excluded from the analysis if
they had incomplete data or did not comply with the estab-
lished protocols, such as failing to complete the postopera-
tive assessment questionnaires.

Exclusion criteria included: patient refusal; altered level
of consciousness or inability to communicate; any contrain-
dication to the use of agents described in the study protocol;

history of seizure disorder; current use of pregabalin or
gabapentin; presence of chronic pain or current use of
opioids; insulin-dependent diabetes mellitus; and renal
insufficiency (estimated glomerular filtration rate < 60 mL/
min/1.73 m?). Patients were also excluded after randomiza-
tion if there was any protocol violation, such as the use of
non-protocol medications or refusal to complete the periop-
erative QoR-15 questionnaire.

Randomization

Patients were randomly assigned in a 1:1 ratio to receive
either pregabalin or placebo by a researcher not involved in
anesthesia management or questionnaire collection. Group
allocation was determined on the morning of surgery using a
computer-generated random sequence (www.random.org).
The study medications were prepared in identical capsules
to ensure blinding. For each patient, an opaque envelope
containing a single capsule (150 mg pregabalin or placebo)
was prepared, sealed, and labeled with an identification
number (1 or 2) by an anesthesiologist who was not involved
in the study. The envelopes were stored securely by a
research assistant.

One hour before the start of surgery, the assigned capsule
was administered orally by a member of the clinical staff
who was not involved in anesthesia care. The randomization
sequence was kept confidential by one investigator until
completion of data analysis. The statistician, independent
from the anesthesia team and data collection, conducted all
analyses while blinded to group allocation. Patients, sur-
geons, anesthesiologists, and all personnel involved in anes-
thesia management or data collection were unaware of
treatment assignment.

Outcomes

The primary outcome of the study was to evaluate the effect
of perioperative pregabalin versus placebo on postoperative
quality of recovery through the QoR-15 questionnaire. Addi-
tionally, an exploratory within-group (longitudinal) analysis
was conducted to assess potential trends in recovery over
time within each group.

Secondary outcomes included postoperative pain (at rest
and during movement), opioid consumption, incidence of
nausea and vomiting, length of stay in the PACU, and overall
hospital length of stay.

Anesthesia

Patients were monitored according to standard ASA guide-
lines. General anesthesia was induced with fentanyl (4 ng-
kg"), propofol (2.0 mg-kg™), rocuronium (0.6 mg-kg™'), and
esketamine (0.3 mg-kg™). Sevoflurane was used to maintain
the desired anesthetic depth.
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Intraoperative medications included dexamethasone (10
mg), ketoprofen (100 mg), dipyrone (2000 mg), and ondan-
setron (4 mg). At the end of the procedure, the surgical
wound was infiltrated with local anesthetic (ropivacaine
0.75%, 20 mL). Neuromuscular blockade was reversed based
on Train-Of-Four (TOF) monitoring, with atropine (0.01 mg-
kg') and neostigmine (20—70 ng-kg ") administered accord-
ing to the degree of residual blockade.

Measurements and treatment of postoperative pain

Pain was assessed in the PACU every 15 minutes using a Ver-
bal Numeric Rating Scale (VNRS) from 0 to 10, both at rest
and during movement, where 0 represented no pain and 10
represented the worst possible pain. To assess pain during
movement, patients were asked to perform a 90° arm
abduction on the surgical side.

Intravenous morphine (1—2 mg) was administered every
10 minutes until a pain score below 4 was achieved (1 mg if
pain < 7, 2 mg if pain > 7). The occurrence of nausea and
vomiting, as well as the number of vomiting episodes, was
recorded. These symptoms were treated with intravenous
dimenhydrinate (30 mg), and if needed, metoclopramide
(10 mg) was administered subsequently.

After PACU discharge (Aldrete score > 9), patients
received ketoprofen 100 mg every 12 hours and oral dipyr-
one 500 mg every 6 hours. In the hospital ward, intravenous
tramadol 100 mg was administered if the pain score
exceeded 4.

Post-discharge follow-up was conducted by telephone at
24 and 48 hours, during which resting, and movement-
related pain were recorded.

Assessment of patient’s characteristics and
perioperative data

Data collected included age, sex, ASA physical status, BMI,
creatinine clearance (Cockcroft-Gault), duration of surgery,
pain scores, and total consumption of morphine and trama-
dol.

The QoR-15 questionnaire was administered at three time
points: 1-hour before surgery (in person) and at 24 and 48
hours postoperatively (by telephone). The QoR-15 is a short
version of the QoR-40 and has been adapted into Portuguese
following established guidelines (Fig. 51)."°

It consists of 15 items divided into two parts: A and B. In
Part A, the items reflect positive aspects of recovery and are
rated on an 11-point numerical scale ranging from 0 (“none
of the time”) to 10 (“all of the time”). In Part B, the scoring
is reversed: 10 corresponds to “none of the time” and 0 to
“all of the time”.

The QoR-15 evaluates five key dimensions of recovery:
pain (2 items), physical comfort (5 items), physical indepen-
dence (2 items), psychological support (2 items), and emo-
tional state (4 items). The total score ranges from 0 (poor
recovery) to 150 (excellent recovery).

Sample size

A sample size of 37 patients per group was estimated to
achieve 85% power to detect a 12-point difference in the
QoR-15 score, with a standard deviation of 17. This

calculation was based on a 12-point difference in mean
scores observed in a previous study using the QoR-15 in
medium- and major-sized surgeries, as this reflects a realis-
tic effect expected in our population. The Standard Devia-
tion (SD) of QoR-15 scores in that study ranged from 17 to
18; therefore, an SD of 17 was considered acceptable.!" Con-
sidering potential dropouts during the study, a total of 92
patients were recruited.

Ethics statement

This study was approved by the University Hospital of Jundiai
and the Ethics Committee (CAAE: 60819922.0.0000.5412,
approved on 20/09/2022) at the Jundiai Medical, registered
on the Brazilian Clinical Trials Registry website (REBEC -
U1111-1278-3266, approved on 14/03/2023), and all
patients were informed and signed the Informed Consent
Form.

Statistical analysis

After data collection, the distribution of the primary out-
come was assessed using the Kolmogorov-Smirnov test and
did not meet the assumption of normality; therefore, it was
expressed as median and Interquartile Range (IQR). The
groups (independent samples) were compared using the
Mann-Whitney test for all quantitative factors. Categorical
data and their frequencies were compared using the x test.
Finally, for the exploratory analysis of QoR-15 evolution in
each group (preoperative, 24 and 48 hours), since there
were three measurement time points, the Friedman test
was used, followed by the Wilcoxon test for pairwise post-
hoc comparisons. Additionally, a subgroup analysis was per-
formed excluding minor surgical procedures to assess
whether surgery size influenced the results for both the pri-
mary outcome and pain scores.

The criterion for rejecting the null hypothesis was a p < 0.05
for both primary and secondary outcomes. Statistical analyses
were performed using SPSS V26 (2019), Minitab 21.2 (2022),
and Excel Office 2010.

Results

Initially, 92 patients were enrolled in the trial; however,
8 were excluded after randomization: 7 due to failure to
reach patients by phone to complete the 24- and 48-hour
questionnaires, and 1 for receiving a dose of tramadol in the
PACU, which was not part of the study’s analgesic regimen.
Following the per-protocol analysis, 84 patients were
included in the final analysis, with 44 in the pregabalin group
and 40 in the placebo group (Fig. 1).

It was noted that both groups consisted mainly of patients
classified as ASA 2. The most common surgery performed was
segmental mastectomy without axillary dissection, resulting
in a predominance of medium-sized surgeries in both groups.
Four complications were observed, all of which were minor,
occurring during the intraoperative and immediate postop-
erative periods: one intraoperative hypertensive peak in
each group, one episode of delirium upon awakening in the
placebo group, and one vascular injury related to the surgi-
cal procedure in the pregabalin group. There were no
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‘ Assessed for eligibility (n=122) ‘

Excluded (n=30)

> | = Not meeting inclusion criteria (n=22)
* Declined to participate (n=8)
Randomized (n=92)
l Allocation l

I Allocated to pregabalin (n=49) H—‘fﬁated to placebo (n=43) |

Follow-Up

Lost to follow-up:

Lost to follow-up:
Unable to reach by phone (n=5)

Unable to reach by phone (n=2)
Discontinued intervention:
Received tramadol in PACU (n=1)

¢ = ! Analysed (n=40)
Excluded from analysis (n=3)

Analysed (n=44)
Excluded from analysis (n=5)

Figure 1 CONSORT Flow diagram of patient enrollment in the study.

statistically significant differences in demographic or clinical
characteristics between the groups (Table 1 and S1).

A comparison of the QoR-15 scores at three time points
(preoperative, 24 hours, and 48 hours) revealed no signifi-
cant difference between the groups (Table 2 and Fig. 2).

Next, an exploratory longitudinal analysis of the QoR-15
was performed to evaluate changes in scores within each
group. The three time points were first assessed, followed by
pairwise post-hoc comparisons between assessment points.
The p-values from Table 3 indicate a statistical difference in

Table 1 Demographic data and patient characteristics.

Age (years), Median (Q; - Qs) 49 (43.3 — 57.5) 53 (44.7 — 59) 0.754°

Height (m), Median (Q; - Q3)

1.6(1.5-1.6)

1.6 (1.5 —-1.6) 0.896°

Weight (kg), Median (Q; — Q3) 71 (62.8 — 83.3) 71.5 (64 — 78.5) 0.6572
BMI (kg.m2), Median (Q; - Q3) 28.4 (25 - 31.5) 27.5(25.1 —30.2) 0.658%
ASAL1:ll, n 6:34 6:38 0.858°
Previous surgery, n (%) 28 (70%) 30 (68.2%) 0.857°
Surgical duration (min), Median (Q; - Q3) 57.5 (40 — 75) 50 (40 — 60) 0.1422
Time to awakening (min), Median (Q; - Q3) 12.5 (10 — 15) 10 (10 — 15) 0.7322
Surgery complexity, n (%)¢

Major 4 (10%) 6 (13.6%) 0.607°
Moderate 32 (80%) 33 (75%) 0.584°
Minor 4 (10%) 5 (11.4%) 0.840°
Complications 2 (5%) 2 (4.5%) 0.922°

Q1, First Quartile; Q3, Third Quartile.

2 Mann-Whitney test.

b % test.

¢ Major, including unilateral or bilateral mastectomy, with or without prosthesis removal or placement; Moderate, segmental mastec-
tomy or wide local excision; Minor, Unilateral excisional biopsy and nodulectomy.

Table 2 QoR-15 scores at the three time points in each group.

QoR-15° Pre 140 (128 - 145.3) 138 (122.3 — 145) 0.616
24 hours 129 (126 - 134.3) 132.5 (125.8 — 135.3) 0.495
48 hours 134 (126.8 - 136.3) 134 (131.5 — 136) 0.634

@ Median and Interquartile Range.
b Mann-Whitney test.
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Figure 2 Comparison of QoR-15 scores between groups. Data are presented as median (interquartile range); points represent indi-
vidual patients.

Table 3 Compares the evolution of QoR-15 score by Group and post-hoc p-values.

Placebo® 140 (128 — 145.3) 129 (126 - 134.3) 134 (126.8 - 136.3) 0.002 0.002 0.026 0.054
Pregabalin® 138 (122.3 — 145) 132.5(125.8 — 135.3) 134 (131.5 - 136) 0.008 0.176 0.398 0.006

@ Median and Interquartile Range.
® Friedman test.
¢ Wilcoxon test.

the evolution of the QoR-15 score at different time points in the preoperative time and both postoperative time points
both groups, with a p = 0.002 for the placebo group and a (p = 0.002 for 24 hours and p = 0.026 for 48 hours). In the pre-
p = 0.008 for the pregabalin group. In the placebo group, the gabalin group, the median started at 138, dropped to 132.5 at
median started at 140 preoperatively, dropped to 129 at 24 24 hours, and ended at 134 at 48 hours. Post-hoc analysis
hours, and then increased to 134 at 48 hours. Post-hoc analysis showed only a significant difference between the 24-hour and
revealed a significant decrease in the QoR-15 score between 48-hour postoperative scores (p = 0.006), representing an

QoR-15 Items? Pregabalin Control

Pre 24h  48h Pre 24h 48h

1.Able to breathe easy

2.Been able to enjoy food

3.Feeling rested

4.Have had a good sleep

5.Able to look after personal toilet and hygiene unaided
6.Able to communicate with family or friends

7.Getting support from hospital doctors and nurses
8.Able to return to work or usual home activities
9.Feeling comfortable and in control

10.Have a feeling of general well-being - 8.80 8.66 8.80 8.70 873
11.Moderate pain 870 7.30 770 845 6.50 6.85
12.Severe pain

13.Nausea or vomiting 8.90
14.Feeling worried or anxious 6.16 8.30 8.84 m 8.65 8.78

15.Feeling sad or depressed 8.48 __

Figure 3  Heat map of the mean score for each QoR-15 item at the three perioperative time points. Part A (questions 1—10) and
Part B (questions 11—15). Colors indicate score levels: dark green = high, yellow = medium, orange = low. Higher scores reflect better
recovery. ® Mean scores for each item.
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improvement in the QoR-15 median during this interval
(Table 3).

Analyzing Figure 3, which shows the heatmap of average
QoR-15 item scores, it can be observed that “severe pain”
was not a concern in the postoperative period for either
group. The item with the lowest score in the preoperative
period was the question “| felt worried or anxious”, and in
the postoperative period, the lowest scores were for “mod-
erate pain” and “ability to return to work or domestic activi-
ties”.

Postoperative pain scores, assessed using the Verbal
Numerical Rating Scale (VNRS), did not differ between
groups in the PACU, at 24 hours, or at 48 hours after surgery.
Pain levels were low, with most median values in the PACU
being 0 and interquartile ranges also at O (Table S2).

No significant differences were observed between the
groups in the incidence of nausea and vomiting in the PACU
and hospital ward, morphine consumption, or length of stay
in the PACU and hospital (Table S3).

A subgroup analysis was performed, excluding minor sur-
geries (unilateral excisional biopsy and nodulectomy), eval-
uating both the primary outcome and pain. However, the
null hypothesis could not be rejected, and the median values
were very similar to those observed in the total study popu-
lation (Table S4).

Discussion

The primary outcome of this study did not reveal significant
differences in total QoR-15 scores between the pregabalin and
placebo groups at 24 and 48 hours postoperatively. Similarly,
no differences were observed in pain scores or opioid con-
sumption. Exploratory longitudinal analyses within each group
suggest that preoperative oral pregabalin may help maintain
recovery quality over the postoperative period; however,
these findings are hypothesis-generating and require confirma-
tion using pre-specified longitudinal models in future studies.

Currently, both gabapentin and pregabalin are used to
enhance postoperative recovery, serving as multimodal
medication strategies for the control of acute pain and peri-
operative anxiety.>'?'® Several studies have been con-
ducted evaluating pain and opioid consumption, and a
recent meta-analysis demonstrated that pregabalin has
modest efficacy in managing acute pain after breast cancer
surgery, with greater efficiency in reducing chronic postop-
erative pain after 3 months. Acute pain at rest 24 hours after
surgery was reduced by 0.31 points on a 0—10 VNRS (95% ClI
0.05t0 0.57; p=0.02).""

As demonstrated by Verret et al., it is crucial to consider
a minimum difference of 10% on the pain scale to support
the evidence that there is a clinically significant analgesic
effect. Their meta-analysis found no relevant effects of
gabapentinoids on postoperative pain - acute, subacute, or
chronic - were found. This analysis included a wide range of
surgical procedures, from endoscopic to major surgeries,
with high heterogeneity, highlighting the variability of the
included studies.'®1°

It is known that determining whether a medication is
effective or not depends on many factors, including the type
of surgery performed and its extent. Mastectomies, in par-
ticular, are surgeries that involve nociceptive mechanisms,

especially when the axillary region is involved.'” Other stud-
ies have evaluated gabapentin specifically in oncologic
breast surgery. For example, Jiang et al. demonstrated a
reduction of 16.14 points (95% Cl: 10.24—21.85; p < 0.001)
and 27.33 points (95% Cl: 3.63—51.03; p = 0.024) on the 110-
point Visual Analog Scale (VAS) immediately after surgery
and at 24 hours, respectively.?®

Rai and colleagues also conducted a meta-analysis in the
context of oncologic breast surgery, expanding the evalua-
tion to include not only gabapentin but also pregabalin. A
total of 516 patients were included in the gabapentin group
and 209 in the pregabalin group. In the gabapentin group,
using the 0—10 VNRS, pain in the PACU was reduced by 1.68
points (95% Cl 0.77—2.59; p < 0.001), by 0.52 points (95% Cl:
0.01—-1.02; p = 0.04) at 24 hours, and morphine consumption
on the first postoperative day decreased by 4.00 mg (95% Cl
0.91-7.09; p = 0.01)."°

In the same meta-analysis, only four pregabalin studies
were included, and acute pain scores were reported in two
trials. Pain in the PACU was reported in a single trial, show-
ing a significant reduction in the pregabalin group (p = 0.01),
while pain at 24 hours postoperatively was reported in both
trials, with no significant reduction observed when pooled
(p = 0.21). Three studies reported morphine consumption in
the PACU, demonstrating a significant reduction of 4.8 mg
(95% Cl 0.83-8.76; p = 0.02) in the pregabalin group. It is
noteworthy that two studies (accounting for nearly 60% of
the patients in this subgroup) used a 75 mg pregabalin dose,
one used 150 mg (16%), and the highest dose used was 300
mg (24%)."® The use of multiple dosing regimens, in addition
to the limited number of studies included in the analysis,
may be the main reasons for the conflicting results reported
in the literature.

However, the efficacy of a multimodal analgesic approach
should not be assessed solely based on pain scores, as effec-
tive pain control methods with morphine or gabapentinoids
may not reflect differences in final pain scores. In addition,
postoperative opioid consumption is not considered a
patient-centered outcome, as it may reflect both improved
analgesia and decreased comfort or the occurrence of
adverse events.?' In this way, there is currently a growing
concern regarding patients’ perception and evaluation of
the healthcare they receive. This perspective is often sum-
marized by the expression “Through the Patient’s Eyes”.?

Borde et al. conducted a randomized clinical trial in
patients undergoing off-pump coronary artery bypass sur-
gery. Participants received 150 mg of pregabalin preopera-
tively, followed by 75 mg twice daily for 2 days after
extubation. The primary outcome was the quality of recov-
ery, assessed using the QoR-40 questionnaire. Patients in the
pregabalin group had higher global QoR-40 scores 24 hours
after extubation compared with the placebo group (177 £ 9
vs. 170 + 9; p = 0.002). The pregabalin group also showed
better scores in the emotional state, physical comfort, and
pain dimensions.® Martins et al. also conducted an investiga-
tion in individuals undergoing bariatric surgery (non-laparo-
scopic); however, they did not find an improvement in
recovery quality (assessed by QoR-40), raising the question
of whether the lack of effect was due to the low pregabalin
dose of 75 mg.®

Hetta et al. conducted a clinical trial in the context of
oncologic breast surgery, aimed at predicting the optimal
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dose for achieving analgesic effects with minimal adverse
effects. They compared placebo with three escalating doses
of pregabalin (75, 150, and 300 mg) and found that a single
preoperative dose of 150 mg pregabalin reduced pain and
morphine consumption in the first 24 hours after mastecto-
mies without increasing the incidence of pregabalin-related
adverse events such as dizziness or visual disturbances.?

Based on these findings, our study selected a single pre-
operative dose of 150 mg pregabalin. However, we did not
find statistically significant differences in pain scores (PACU,
24 and 48 hours) or opioid consumption. This result can
partly be attributed to the multimodal analgesia employed
both in the anesthetic technique and in the postoperative
period for both groups (dexamethasone, ketoprofen, dipyr-
one, esketamine, local infiltration, and morphine rescue),
which may have led to a redundant effect of pregabalin in
this context of optimized multimodal analgesia.

Previous studies have shown that other agents, such as
esketamine, can improve the quality of anesthetic recovery
not only through analgesic effects and attenuation of hyper-
algesia but also via their antidepressant properties. For
instance, Gao et al. observed that esketamine contributed
to better postoperative recovery in patients undergoing
mastectomies, likely due to these multifaceted effects.?*
Considering that a significant proportion of women with
breast cancer experience postoperative depression,?® such
pharmacological properties may enhance overall recovery.

Furthermore, most of the patients underwent small and
medium-sized surgeries without axillary dissection, which
are associated with lower nociceptive mechanisms.’” To
evaluate whether surgical extent could influence the
results, we performed a subgroup analysis excluding minor
procedures, such as nodulectomies and excisional biopsies.
No differences in the primary outcome were observed at any
time point between the groups. However, most of the
included procedures were of moderate extent, such as seg-
mental mastectomy without axillary dissection. It was not
possible to perform an analysis exclusively on major surger-
ies, as the sample size for this type of procedure was small,
which could compromise the validity of any conclusions.

As highlighted by Campfort et al., longitudinal analysis of
individual patient trajectories can identify those with recov-
ery below expectations, allowing more personalized periop-
erative management.?® In our study, longitudinal analysis
showed that pregabalin group-maintained baseline recovery
scores in the first 24 hours, with an increase from 24 to 48
hours postoperatively. Conversely, the placebo group experi-
enced a decline in recovery quality at 24 hours, which per-
sisted at 48 hours. It was observed that the median in the
placebo group decreased by 11 points 24 hours after surgery,
which, according to Myles et al., represents a clinically rele-
vant change of 8 points on the scale."

This finding raises concern, as a reduced score within the
first 24 hours after surgery is correlated with complications
that can persist up to a month after the procedure.?® Addi-
tionally, Chazapis et al. emphasized the importance of the
48-hour postoperative questionnaire approaching preopera-
tive baseline levels. Failure to achieve this return may indi-
cate undesirable recovery drift. This aspect was observed in
the placebo group in our study, where the comparison of
scores at 24 and 48 hours postoperatively was significantly
lower than the preoperative baseline.?’

In this study, most included procedures were segmental
mastectomy without axillary dissection, generally associated
with moderate complexity, lower pain levels, and faster
recovery. This predominance of less extensive surgeries may
limit the generalizability of our findings to mastectomies and
other more extensive procedures, in which pregabalin could
potentially have a greater impact. Therefore, many patients
had high scores on the questionnaire, possibly reaching a ceil-
ing effect, particularly on questions 11 and 12, which
addressed pain. As a result, small differences in questionnaire
scores may have gone undetected. The use of a robust multi-
modal analgesic regimen and local infiltration likely minimized
detectable between-group differences in pain and overall
QoR-15 scores. An additional limitation identified was the lack
of Patient-Controlled Analgesia (PCA), which may have impli-
cations for pain perception and management in the postopera-
tive period. Moreover, we did not assess pain during the period
between PACU discharge and the first 24 hours post-proce-
dure. We also did not systematically evaluate adverse effects
such as visual disturbances or sedation using validated scales,
which could have provided further insights into patient com-
fort and well-being. Finally, an important methodological limi-
tation is the absence of pre-specified longitudinal modeling.
Although exploratory within-group analyses in the pregabalin
group suggest a more favorable recovery trajectory, these
findings should be interpreted with caution. It is crucial to
consider these limitations when interpreting the results and
applying the conclusions of this study.

Conclusion

A single preoperative dose of 150 mg pregabalin did not pro-
duce significant differences in total QoR-15 scores between
groups at 24 and 48 hours, nor in pain control or opioid con-
sumption. In an exploratory longitudinal analysis, within-group
trajectories suggest that pregabalin may help maintain recov-
ery quality over the postoperative period, a finding that
requires confirmation using pre-specified longitudinal models.
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KEYWORDS Abstract

Breath holding; Introduction: The Voluntary Breath-Hold Test (VBHT) is a simple, bedside, and rapid assessment
Diagnostic accuracy; that measures the duration of voluntary apnea. It has shown potential for clinical use, including
Pulmonary function; as a triage tool prior to spirometry in primary care. However, its diagnostic accuracy in detecting
Respiratory function abnormal pulmonary function before non-thoracic surgeries has not been established. This study
tests; aimed to determine the correlation between VBHT results, Maximal Voluntary Apnea Inspiratory
Screening; Time (MVAIT) and Maximal Voluntary Apnea Expiratory Time (MVAET), and spirometry, the refer-
Spirometry ence test for assessing pulmonary function.

Methods: This diagnostic-accuracy study included adults with normal spirometry and those with
obstructive or restrictive ventilatory defects. Participants were divided into normal and abnor-
mal spirometry groups. Maximal Voluntary Apnea Inspiratory Time (MVAIT) and Expiratory Time
(MVAET) were evaluated using Receiver Operating Characteristic (ROC) curve analysis to assess
their accuracy in distinguishing between normal and abnormal spirometry patterns.

Results: The study included 293 participants. MVAIT and MVAET were significantly lower for
the abnormal (median: 29.32 s; 95% Confidence Interval [95% Cl]: 25.99-32.35 s and median:
20.40 s; 95% Cl: 18.66-22.88 s) than for the normal (median: 47.55 s; 95% Cl: 43.93-51.87 s and
median: 28.53 s; 95% Cl: 26.74-30.63 s) group. For the prediction of normal spirometry, MVAIT >
45.49 s and MVAET > 32.86 s had sensitivity and specificity of (90.43%, 55.06%) and (90.43%,
33.71%), respectively.

Conclusion: VBHT is a bedside, low-cost, and safe method that shows moderate-to-good discrim-
inative ability for identifying abnormal spirometry results. As an innovative adaptation of a long-
known physiological maneuver, VBHT may serve as a rapid preliminary triage (rule-out) tool prior
to formal spirometry, pending external validation in preoperative populations.
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Introduction

Pulmonary dysfunction is a major cause of morbidity and
prolonged hospital stay after non-thoracic surgery, particu-
larly among patients with Chronic Obstructive Pulmonary
Disease (COPD)."® Spirometry is the most widely used test
for assessing lung function, especially through measure-
ments such as Forced Vital Capacity (FVC). Identifying
patients with abnormal spirometry before surgery is essen-
tial for optimizing perioperative management and reducing
respiratory risk.?

Spirometry requires its own equipment, trained techni-
cians, and interpretation by a specialist physician, which
can limit its availability immediately before surgery, partic-
ularly in emergency abdominal, vascular and orthopedic sur-
geries.* The Voluntary Breath-Hold Test (VBHT) is a simple,
inexpensive, bedside, and rapid assessment that may pro-
vide useful information about ventilatory function when spi-
rometry is not readily available.

Apnea is defined as the temporary cessation of gas
exchange between the lungs and the atmosphere.> In
breath-holding, there is a period without respiratory sensa-
tion or electromyographic activity of the respiratory muscles
after the onset of voluntary apnea. The period between the
onset of apnea and the onset of the sensation of dyspnea
can be considered a “comfort phase”. After a few seconds,
electromyographic activity of the diaphragm and sensation
of dyspnea (uncomfortable awareness of difficulty breath-
ing) evolve and progressively increase to the endpoint of
apnea (breaking point), constituting the “struggle phase”.”
Expiration essentially involves passive recoil, but in volun-
tary breath-holding, voluntary muscles may contribute to
keeping the chest open against the recoil force, which is not
explained only by closure of the glottis and airways.®

VBHT is a simple and rapid procedure that measures the
duration of voluntary apnea after a maximal inspiration,
using a low-cost stopwatch. The maximum duration of volun-
tary apnea varies among individuals and depends on chemi-
cal and nonchemical stimuli.” Previous studies have
evaluated VBHT in limited clinical contexts, suggesting
potential usefulness® in the assessment and follow-up of
patients with COPD.

This study aimed to determine whether the results of the
VBHT are consistent with spirometry findings in healthy indi-
viduals and in patients with ventilatory disorders, assessing
its diagnostic ability for identifying abnormal pulmonary
function.

Methods

This was a two-gate (case-control) diagnostic-accuracy
study conducted at a tertiary, university-affiliated hospital
between January and December 2023. In the design, partici-
pants with known obstructive or restrictive ventilatory
defects (cases) and healthy volunteers with normal

spirometry (controls) were recruited through separate path-
ways, both from the same institution. Pulmonologists ana-
lyzing spirometry results were blinded to VBHT outcomes,
and the technician conducting the VBHT had no access to
spirometry data. The exclusion criteria were pregnancy;
cognitive impairment and behavioral disorders; use of bron-
chodilators, stimulant and/or illicit drugs, or use of central
nervous system depressant drugs within 24 h before the
examination; pain or infectious symptoms that compromised
the examination; hemoptysis; pneumothorax; cardiopulmo-
nary instability; myocardial infarction or pulmonary embo-
lism within the past six months; cerebral, thoracic, or
abdominal aneurysm; eye surgery within the past two
months; previous thoracic surgery; abdominal surgery within
the past 2 months; or use of continuous home oxygen ther-
apy.

The local ethics committee approved the study (CAAE
62652722.3.0000.5259), and all participants provided writ-
ten informed consent. Each participant was interviewed,
and data was collected using a standardized questionnaire
that included demographic data, smoking history, comorbid-
ities, use of medicines, and labor information.

The VBHT was performed by a trained investigator using a
digital stopwatch AK68 (AKSO, Brazil). The maximal volun-
tary apnea inspiratory and expiratory times (MVAIT and
MVAET, respectively) were measured. The VBHT was per-
formed with participants seated, wearing a nose clip, and
breathing through a mouthpiece to maintain tidal volume
control. After two tidal cycles, participants were instructed
to perform a maximal inspiration and hold their breath until
intolerable discomfort (MVAIT), or a maximal expiration fol-
lowed by breath-holding at residual volume (MVAET). Each
participant received a brief demonstration and two practice
trials before measurement. The test stopped if dizziness,
coughing, or discomfort occurred. For MVAIT determination,
participants inhaled from tidal volume to total lung capacity
and then held their breath. For MVAET determination, par-
ticipants breathed at tidal volume, inspired to total lung
capacity, and exhaled to residual volume before holding
their breath. Each maneuver was repeated twice within a 5-
minute interval, and the best result was recorded. VBHT and
spirometry were performed sequentially with a rest period
between tests to avoid fatigue. Inter-operator reliability
was evaluated in a pilot subset (n = 30), showing excellent
agreement between technicians (ICC = 0.96 for MVAIT and
0.94 for MVAET). Spirometry was performed using a comput-
erized spirometer (Spirom-3; Codax Medica, Brazil) accord-
ing to the American Thoracic Society/European Respiratory
Society (ATS/ERS) guidelines’” and published reference val-
ues.® All spirometry results were independently analyzed by
two experienced pulmonologists.

Data analysis was performed using GraphPad Prism ver-
sion 10.0.2 for Windows (GraphPad Software, Boston, Massa-
chusetts, USA). Continuous variables are presented as mean
=+ Standard Deviation (SD), median with interquartile range,
or 95% Confidence Interval (95% Cl), as appropriate.
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Parametric data were analyzed using analysis of variance
(ANOVA), whereas non-parametric data were analyzed using
the Kruskal-Wallis test and Spearman’s correlation. Categor-
ical variables were compared using Fisher’s exact test. The
sample-size calculation was based on estimating an
expected Area Under the ROC Curve (AUC) of approximately
0.75 with a precision of +0.05, using « = 0.05 and 80% power,
resulting in a minimum required sample of 245 participants.
The quality of the spirometry results was assessed using
Cohen’s kappa coefficient. Diagnostic accuracy of MVAIT and
MVAET for identifying normal and abnormal spirometry was
assessed using Receiver Operating Characteristic (ROC)
curve analysis, with internal validation by bootstrap resam-
pling (1,000 iterations). Statistical significance was set at p
< 0.05 for all analyses. This study adheres to STARD 2015
guidelines; the completed checklist is provided in Supple-
mentary Material 1.

Results

A total of three hundred individuals met the inclusion crite-
ria and provided written informed consent (Fig. 1). Seven
participants were excluded due to low-quality spirometry
(not meeting ATS/ERS quality standards) or inability to per-
form the Voluntary Breath-Hold Test (VBHT). The final analy-
sis included 293 participants, of whom 185 (63.1%) were
female. The demographic and clinical characteristics of the
study population and the corresponding VBHT results are
summarized in Table 1.

Participants were initially classified according to spirom-
etry results into normal, obstructive ventilatory disorder, or
restrictive ventilatory disorder groups, based on the consen-
sus of two independent experts (Cohen’s kappa = 0.881; 95%
Cl: 0.826—0.936). For patients with obstructive disorders,
the median MVAIT and MVAET were 31.61 s (Interquartile Range
[IQR], 22.71—-37.88 s) and 20.96 s (IQR: 15.50—28.96 s), respec-
tively. For those with restrictive disorders, the median MVAIT
and MVAET were 26.74 s (IQR: 17.44—33.71 s) and 20.10 s (IQR:

15.93—-25.04 s), respectively. No statistically significant differ-
ences were observed between the obstructive and restrictive
groups in MVAIT (p = 0.125) or MVAET (p = 0.479) (Table 2). Sim-
ilarly, there were no significant differences in sex, ethnicity, or
BMI between these two groups. Therefore, participants with
abnormal spirometry results (obstructive or restrictive) were
combined into a single abnormal group for subsequent analy-
ses. To complement the non-parametric comparisons, we esti-
mated the Hodges-Lehmann median differences between
groups. For MVAIT, the median difference between normal and
abnormal spirometry was 14.6 s (95% Cl 10.4—19.5 s). For
MVAET, the Hodges-Lehmann difference was 6.6 s (95% Cl 4.3
—8.8 s), further supporting the marked separation between
groups.

Participants in the abnormal spirometry group showed
significantly lower MVAIT (median: 29.32 s; 95% Cl: 25.99
—32.35 s) than those in the normal group (median: 47.55 s;
95% Cl: 43.93—-51.87 s) (p < 0.0001). The MVAET was also sig-
nificantly lower in the abnormal group (median: 20.40 s; 95%
Cl: 18.66—22.88 s) compared with the normal group
(median: 28.53 s; 95% Cl: 26.74—30.63 s) (p < 0.0001). These
findings demonstrate the discriminative capacity of the
VBHT to identify abnormal spirometry patterns (Table 1).

The correlations of MVAIT and MVAET with parameters of
spirometry are shown in Table 3. Diagnostic accuracy was
assessed by comparing the MVAIT and MVAET values between
participants with normal and abnormal spirometry. The
areas under the Receiver Operating Characteristic (ROC)
curves were 0.791 (95% Cl: 0.740—0.841) for MVAIT and
0.733 (95% Cl: 0.675—0.787) for MVAET, validated by boot-
strap resampling (1,000 iterations). Positive and negative
predictive values (PPV and NPV) for the proposed cutoffs
were 73.5% and 84.2% for MVAIT > 45.49 s, and 65.9% and
80.7% for MVAET > 32.86 s, respectively (Supplementary
Table 1). These PPV and NPV estimates reflect the preva-
lence observed in this two-gate study sample and are there-
fore sample-dependent. For using VBHT as a diagnostic
triage tool, a minimum sensitivity of 90% was established.
An MVAIT > 45.49 s yielded a sensitivity of 90.43% (95% Cl:

300

Eligible subjects

Excluded subjects: 7

o Low quality spirometry: 3
Low quality apneatest:4

293

Subjects enrolled

!

82

Obstrutive defeck

Restrictive defecs
33

N

L

Normal spirometries
178

Abnormal spirometries

115

Figure 1

Study flowchart. A total of 300 eligible participants were screened. Seven were excluded due to low-quality spirometry

(n = 3) or low-quality Voluntary Breath-Hold Tests (VBHT; n = 4). The final sample comprised 293 participants: 178 with normal spirom-
etry and 115 with abnormal spirometry (82 obstructive and 33 restrictive ventilatory defects).
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Table 1 Data of all groups.

Sex: Female (%) 185 (63) 105 (59) 80 (70) 0.0824
Ethnicity: White (%) 145 (49) 90 (51) 55 (48) 0.7198
Age (years), median (95% Cl) 55 (49-59) 50 (46-51) 55 (52-59) 0.004
BMI (kg/m?), median (IQR) 27.18 (23.78-32.84) 27.50 (24.22-34.10) 26.77 (22.57-31.44) 0.033
MVAIT (s)

Median (IQR) 38.06 (25.97-54.56) 47.55 (34.32-64.17) 29.32 (19.63-36.94) <0.0001
HL diff (95% Cl) 14.6 (10.4—19.5)

MVAET (s)

Median (IQR) 25.62 (19.27-32.73) 28.53 (22.80-36.44) 20.40 (15.72-26.93) <0.0001

HL diff (95% Cl) 6.6 (4.3-8.8)

BMI, Body Mass Index; IQR, Interquartile Range; Cl, Confidence Interval; MVAIT, Maximal Voluntary Apnea Inspiratory Time; MVAET, Maximal
Voluntary Apnea Expiratory Time; HL diff, Hodges-Lehmann median difference (estimated difference in medians between normal and
abnormal spirometry groups). Non-parametric variables were analyzed using the Mann-Whitney U test, and categorical variables using Fish-
er’s exact test. Participants with obstructive or restrictive ventilatory disorders were grouped under “abnormal spirometry” for analysis.

Table 2  Data of the abnormal group.

MVAIT (s) 31.61 26.74 0.1255
Median (IQR) (22.71-37.88) (17.44-33.71)

MVAET (s) 20.96 20.10 0.4794
Median (IQR) (15.50-28.96) (15.93-25.04)

MVAIT, maximal voluntary apnea inspiratory time; MVAET, maximal voluntary apnea expiratory time. IQR, interquartile range.

Observation: The Kruskal—Wallis test was used for non-parametric variables.

Table 3 Apnea test data and spirometry volumes and flows analysis.

CVF (L) 0.4806 < 0.0001 0.3799 < 0.0001

VEF; (L) 0.3304 < 0.0001 0.1409 0.0158

VEF;/CVF (%) 0.0655 0.2641 -0.0228 0.6970

FEFmax (L/s) 0.3371 < 0.0001 0.1649 0.0047

VVM (L/min) 0.3253 < 0.0001 0.1352 0.0208

MVAIT, maximal voluntary apnea inspiratory time; MVAET, maximal voluntary apnea expiratory time; FVC, forced vital capacity; FEV1,
forced expiratory volume in one second; FEV1/FVC, FEV1/FVC ratio; FEFmax, maximal expiratory flow rate; VVM, maximum voluntary
ventilation.

Observation: Spearman’s correlation was used for non-parametric variables.

83.68—94.57) and specificity of 55.06% (95% Cl: 47.72
—62.18). An MVAET > 32.86 s showed sensitivity of 90.43%
(95% Cl: 83.68—94.57) and specificity of 33.71% (95% Cl:
27.17—40.93) for the diagnosis of normal spirometry (Figs. 2
and 3). Positive (LR+) and negative (LR-) likelihood ratios for
MVAIT > 45.49 s were 2.01 and 0.17, respectively, and for
MVAET > 32.86 s they were 1.36 and 0.28, respectively.
The ROC-derived cutoffs for MVAIT (> 45.5 s) and MVAET
(> 32.9 s) were established to maximize sensitivity for
identifying normal spirometry. Internal validation was per-
formed using bootstrap resampling (1,000 iterations). A
multivariable logistic regression including age, sex, BMI,
smoking status, MVAIT, and MVAET confirmed both variables

as independent predictors of abnormal spirometry (p <
0.001). To further assess the diagnostic performance of
VBHT, we evaluated the discrimination and calibration of the
multivariable logistic regression model. The adjusted AUC
was 0.74 (95% Cl 0.69—0.80), obtained through bootstrap vali-
dation with 1,000 resamples, indicating preserved discrimina-
tive ability after adjustment for age, sex, BMI, smoking
status, MVAIT, and MVAET. Model calibration was adequate,
with a bootstrap-corrected calibration intercept of approxi-
mately 0.00 (95% Cl: 0.25 to 0.26) and slope of 1.01 (95% Cl:
0.73 to 1.33), demonstrating good agreement between pre-
dicted and observed probabilities. A detailed calibration
curve is available in the Supplementary Material.
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Figure 2

ROC curve of normal versus abnormal maximal voluntary apnea inspiratory time (MVAIT). Receiver Operating Characteris-

tic (ROC) curve for Maximal Voluntary Apnea Inspiratory Time (MVAIT) in identifying normal spirometry results. Area Under the Curve
(AUC) = 0.791 (95% Cl: 0.740—0.841). The optimal cut-off (> 45.49 s) provided 90.43% sensitivity and 55.06% specificity. Internal vali-

dation was performed using bootstrap resampling (1,000 iterations).
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Figure 3

ROC curve of normal versus abnormal Maximal Voluntary Apnea Expiratory Time (MVAET). Receiver Operating Characteris-

tic (ROC) curve for Maximal Voluntary Apnea Expiratory Time (MVAET) in identifying normal spirometry results. Area Under the Curve
(AUC) = 0.733 (95% Cl: 0.675—0.787). The optimal cut-off (> 32.86 s) provided 90.43% sensitivity and 33.71% specificity. Internal vali-

dation was performed using bootstrap resampling (1,000 iterations).

There were no major complications, such as desatura-
tion, respiratory failure, or symptoms of myocardial ische-
mia. The overall incidence of minor, transient adverse signs
and symptoms was 20.48%. Few participants experienced
coughing (6.83%), tiredness (5.12%), headache (7.85%),
blurred vision (1.36%), tachycardia (3.41%), and/or transient
peak hypertension (0.34%). VBHT was safe and well toler-
ated, with only mild, self-limited symptoms observed in 21%
of participants (e.g., transient dizziness, cough, or dys-
pnea). Participants were observed for at least two minutes
after each test, and all symptoms resolved spontaneously
without any medical intervention or test interruption. The

complete dataset used for all analyses is provided as Supple-
mentary Material.

Discussion

VBHT is a non-invasive, inexpensive, and easily reproducible
bedside test with potential value as a triage (“rule-out”)
tool prior to spirometry for assessing ventilatory function.'®
During the procedure, individuals voluntarily hold their
breath for as long as possible, beginning from total lung
capacity (Maximal Voluntary Apnea Inspiratory Time, MVAIT)
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or from residual volume (Maximal Voluntary Apnea Expira-
tory Time, MVAET). Using a low-cost accessory device such
as a stopwatch, trained staff can perform the measurements
after a brief learning period. Our findings support the diag-
nostic ability of VBHT to discriminate normal from abnormal
spirometry patterns.” In a pragmatic clinical pathway, indi-
viduals with VBHT values equal to or above the proposed
cut-offs may be classified as “likely normal”, whereas those
with values below the cut-offs should undergo formal pulmo-
nary function testing.

Statistical validation of VBHT by comparing the values of
healthy patients with those of patients with obstructive
and restrictive ventilatory disorders was necessary. The
diagnosis was based on the results of spirometry and, when
necessary, confirmed by whole-body plethysmography ana-
lyzed by two specialists based on pulmonary function
tests.® Patients with obstructive and restrictive ventilatory
disorders were included into a distinct group (abnormal
group), because their MVAIT and MVAET values were not sig-
nificantly different.

Given the two-gate (case-control) design, the contrast
between normal and abnormal participants may be artificially
amplified, which can lead to overestimation of diagnostic
accuracy parameters, including sensitivity and the AUC. This
phenomenon, known as spectrum bias, is intrinsic to case-
control diagnostic studies. Therefore, although our results
support the discriminative capacity of VBHT, they require
confirmation in a single-gate, prospectively recruited conse-
cutive cohort before clinical implementation.’ Because par-
ticipants were recruited from a pulmonary function testing
environment and included healthy volunteers, the estimated
diagnostic performance may not directly reflect that of a rou-
tine preoperative clinic population.

In this context, VBHT demonstrated high sensitivity but
only modest specificity, a profile that aligns more closely with
a triage (“rule-out”) application rather than a diagnostic
replacement for spirometry. The test may help identify indi-
viduals who are very unlikely to have abnormal ventilatory
patterns, potentially reducing unnecessary spirometry evalu-
ations in selected settings. However, VBHT should not be used
as a standalone diagnostic tool, and any abnormal or border-
line result must still be confirmed by conventional spirometry.
Because the present two-gate design may overestimate dis-
crimination, especially sensitivity and AUC, external valida-
tion using a single-gate, consecutively recruited cohort is
essential before any clinical integration.'® Because predictive
values depend on disease prevalence, the PPV and NPV
reported here are not directly transportable to routine preop-
erative settings, where the pretest probability of abnormal
spirometry is typically lower.

The diagnostic performance of the VBHT was statistically
validated by comparing values from participants with normal
spirometry to those with obstructive or restrictive ventilatory
disorders."" Spirometry was used as the reference standard,
and, when clinically indicated, whole-body plethysmography
was used for diagnostic confirmation.® Because MVAIT and
MVAET values did not differ significantly between patients
with obstructive and restrictive disorders, these participants
were combined into a single abnormal group for analysis.
These findings are consistent with the results reported by Bar-
nai et al.,"> who demonstrated that voluntary breath-holding
times correlate with ventilatory limitation in patients with

cystic fibrosis, supporting the physiological rationale for VBHT
as a diagnostic screening tool.

Moreover, Hedhli et al.> conducted a cross-sectional
study in 2021 including patients with stable COPD. Their
results showed that MVAIT was significantly correlated with
FEV, (r = 0.686; p < 0.0001), FVC (r = 0.632) and FEV,/FVC
ratio (r = 0.645). In addition, MVAIT demonstrated good
discriminative power for severe forms of COPD with an
area under the ROC of 0.822 (95% Cl: 0.7—0.945). An MVAIT
< 20.5 s allowed the detection of FEV; < 50% with 96%
specificity and 72% sensitivity. In the present study, lower
correlation coefficients were observed, and no statistically
significant correlations were found between MVAIT or
MVAET and the FEV./FVC ratio. These differences likely
reflect the broader heterogeneity of our population, which
included individuals without established COPD, rather than
methodological discrepancies. This correlation likely
reflects the integrative nature of VBHT, which assesses
chemosensitivity and voluntary respiratory control, provid-
ing complementary, not redundant, information to spirom-
etry volumes and flows.

Dankerk et al.? conducted a systematic review showing
that, due to limited evidence and methodological variabil-
ity, it remains unclear whether preoperative spirometry is
sufficient to identify ventilatory impairment before non-tho-
racic surgery. The available literature remains inconclusive,
with 65% of prospective studies supporting and 35% question-
ing the diagnostic contribution of preoperative spirometry.
Nevertheless, spirometry prior to upper abdominal surgery
is still recommended for individuals presenting typical symp-
toms of COPD according to GOLD key indicators. Our findings
complement this discussion by suggesting that the VBHT may
be a simple and accessible alternative for detecting abnor-
mal spirometry patterns in the preoperative setting.

Tak et al.® reported that a lower preoperative FVC was
associated with the occurrence of PPCs after laparoscopic
abdominal surgery, whereas FEV; and the FEV,/FVC ratio
were not. This finding highlights the clinical relevance of FVC
as an indicator of ventilatory limitation. In the present study,
MVAIT and MVAET were both significantly correlated with FVC,
suggesting that the VBHT may serve as a simple diagnostic
tool for identifying reduced ventilatory capacity in the preop-
erative evaluation of non-thoracic surgical candidates.

No major complications occurred during the performance
of the VBHT, confirming that the procedure is safe and well
tolerated, supporting its feasibility for use in the preopera-
tive setting.

The present study has limitations. All participants were
recruited from a single pulmonary disease monitoring cen-
ter, which may limit external generalizability and introduce
selection bias. The age, sex, and BMI distribution of partici-
pants was not uniform, and the sample size was not powered
for subgroup analyses. The pooling of obstructive and
restrictive disorders may have masked subtle differences in
VBHT performance between these patterns; future studies
should analyze them separately. Excluding participants with
recent surgery, cognitive impairment, or medication effects
likely reduced variability and may underestimate challenges
in real-world settings. Additionally, spirometry was used as
the reference standard rather than an independent gold
standard for diagnosis. Future research should include dif-
fusing capacity of the lungs for carbon monoxide and
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cardiopulmonary exercise testing to refine diagnostic char-
acterization and further validate the VBHT as a screening
tool. Incorporating Diffusion Capacity (DLCO) and cardiopul-
monary exercise testing variables may help clarify how
VBHT reflects overall ventilatory reserve and gas exchange
efficiency, supporting the future development of composite
diagnostic or preoperative screening indices.

Conclusion

In conclusion, VBHT is a simple, reproducible, and low-cost
test with potential utility as a preliminary triage tool to
identify individuals unlikely to have abnormal spirometry. Its
feasibility and minimal resource requirements make it
appealing for preoperative screening or in settings with lim-
ited access to formal pulmonary function testing. Neverthe-
less, because VBHT showed high sensitivity but modest
specificity and was evaluated in a two-gate design, it should
not replace spirometry. Validation in a single gate, prospec-
tively recruited population is required before VBHT can be
recommended for routine clinical use.
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KEYWORDS Abstract

Ambulatory care; Background: Outpatient preanesthetic consultation improves patient assessment and anesthetic
Observational study; planning, enhancing safety and reducing complications. Conducted in advance, it allows system-
Perioperative atic, individualized planning. Uncontrolled hypertension, common in 60% of people over 60, is a
medicine; major cause of surgery cancellation and increases cardiovascular risk. This study evaluates its
Preoperative care; impact on preventing perioperative complications and optimizing clinical and surgical outcomes
Urological diseases in urological patients.

Methods: This retrospective observational study analyzed 700 patients (> 18 years) who
attended outpatient preanesthetic consultation before urological surgery. Clinical conditions,
systemic blood pressure, heart rate was analyzed during outpatient, preoperative, and intrao-
perative periods. Preoperative and intraoperative complications were recorded to evaluate con-
sultation impact.
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Results: Among 700 patients (89.6% male, mean age 64.2), ASA Il was most common classifica-
tion. Hypertension was identified in 53.7% of patients during outpatient evaluation. All hyperten-
sive patients received antihypertensive treatment until surgery, with blood pressure maintained
within normal limits. Preoperative findings in the operating room included hypertension (2.0%),
anemia (0.57%), atrial fibrillation (0.14%), and asthma (0.14%). Intraoperative events included
hypertension (2.28%), hypotension (8.14%), bradycardia (1.14%), and inadequate neuraxial block
(2.85%). One surgery was canceled due to hypertension. Blood pressure significantly decreased
preoperatively and intraoperatively compared to outpatient values (p < 0.0001). Heart rate also
decreased significantly intraoperatively. This single-center study has limitations, including
absence of comparison groups assessed by other specialties or only day of surgery.

Conclusion: Reductions in systolic and diastolic blood pressure were documented upon operating
room entry among patients evaluated in outpatient preanesthetic consultation, with a very low

surgery cancellation rate.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The outpatient preanesthetic consultation was first proposed
in 1949 by Alfred Lee, who emphasized its role in preventive
medicine. He noted many patients arrived for surgery in inad-
equate clinical condition, avoidable with earlier prepara-
tion." A preoperative assessment conducted days before
surgery is essential to understand clinical profile, perform
evaluations, plan anesthesia, and educate patients. Its main
goals are to reduce morbidity and mortality, improve aware-
ness, and alleviate anxiety.?™ Preoperative education reduces
anxiety across all age groups, highlighting the value of tai-
lored preanesthetic information.®”

Beyond preparation and education, outpatient preanes-
thetic consultation plays a central role in perioperative care
by enabling early risk assessment and identification of
comorbidities that may affect outcomes. More than a
screening opportunity, it is also a moment for clinical adjust-
ment of known or newly diagnosed conditions, contributing
to safety and reducing complications.

A brief preanesthetic visit shortly before surgery does not
replace a comprehensive assessment. In Brazil, Resolution n*
2.174/2017 of the Federal Council of Medicine recommends
anesthesiologists know the patient’s clinical condition before
surgery. Assessment should be performed on an outpatient
basis, except in urgent or emergency cases, when the anes-
thetist evaluates the patient immediately before entering
the operating room. Preoperative evaluations by clinicians or
cardiologists, while important, are not sufficient to address
anesthetic-specific risks. The resolution requires anesthesia-
specific informed consent before the procedure.®

Practice guidelines were adopted in France in 1994° and
by the American Society of Anesthesiologists in 2001."° In
countries like the USA, clinics exist solely for preoperative
evaluation, with surgeons referring patients to anesthesiolo-
gists and nurses.'® Many hospitals, including Brazil, use tele-
medicine for preanesthetic assessments, increasing
convenience and satisfaction while reducing costs. Studies
show telemedicine does not increase surgery cancellations,
maintaining quality and safety.'""3

Shared decision-making has emerged, combining patients’
preferences with medical expertise to determine personal-
ized care. Perioperative professionals must develop guide-
lines and interventions promoting meaningful dialogue. '

In surgical specialties such as urology, where many proce-
dures are elective and patients often have chronic condi-
tions, outpatient consultation is essential. Common
comorbidities - hypertension, uncontrolled diabetes,
chronic respiratory diseases, obesity, and tobacco use - are
risk factors for perioperative complications, including hemo-
dynamic instability, delayed recovery, and infections. Inade-
quate preparation increases intra- and postoperative risks,
while early management improves safety and outcomes. '®

This study hypothesizes that outpatient preanesthetic
consultation is the most appropriate method for preparing
patients for surgery, potentially reducing perioperative com-
plications and ensuring greater safety in urological proce-
dures. The general objective was to demonstrate impact on
preventing complications and optimizing clinical and surgi-
cal outcomes. Specific objectives were: (1) Describe base-
line patient characteristics; (2) Assess cardiovascular
abnormalities; (3) Analyze systemic blood pressure and
heart rate across outpatient, preoperative, and intraopera-
tive periods; and (4) Identify preoperative and intraopera-
tive complications.

Methods

This retrospective observational study was based on the
review of medical records of patients who underwent surgi-
cal procedures at Clementino Fraga Filho University Hospital
(HUCFF), Federal University of Rio de Janeiro, Brazil. A con-
venience sample of 700 patients who underwent urological
surgeries and completed outpatient preanesthetic consulta-
tion was included. These patients were selected from a
broader surgical population involving multiple specialties.

Consultations at the Preanesthetic Outpatient Clinic
(PAC) were conducted by anesthesia residents and medical
students under the supervision of an anesthesiology profes-
sor. During these evaluations, patients received guidance on
anesthetic techniques and intraoperative monitoring.

The study was approved by the HUCFF Research Ethics
Committee (CAAE: 3973.3020.0.0000.5257) on February 2,
2021, and registered in the Brazilian Registry of Clinical
Trials (ReBEC n° 3vxknd7) on August 10, 2022. It followed
the Declaration of Helsinki and STROBE guidelines for
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observational studies. The Free and Informed Consent Form
(FICF) was waived.

The inclusion criteria were patients over 18 years of age,
of both sexes, and classified as ASA physical status | to lll. No
patients were excluded from the study (Fig. 1). Data were
collected from HUCFF medical records (2022—-2023), includ-
ing outpatient Preanesthetic Consultation (PAC) forms, anes-
thesia and surgical reports, and documentation of
preoperative and intraoperative complications. Baseline
variables included age, sex, ethnicity, weight, height, and
ASA physical status. Electrocardiography (ECG) and Echocar-
diography (ECHO) results were also recorded.

Information on comorbidities was obtained from clinical
history, physical examination, and complementary tests,
and was used to assess their frequency and relevance for
anesthetic risk stratification. All data were collected
according to a predefined study protocol and subsequently
analyzed using appropriate statistical methods.

The preoperative period began with the patient’s admis-
sion to the operating room for monitoring and venous access.
Blood pressure and other physiological measurements were
performed by anesthesiology staff and residents, trained in
standardized measurement techniques. Monitoring was con-
ducted using a Narcosul multiparametric monitor for all
patients, including five-lead electrocardiography, pulse
oximetry, noninvasive blood pressure, and capnography, fol-
lowing institutional protocols. Standardization of equipment
and measurement procedures was adopted throughout the
study to ensure consistency and reliability of collected data.
The intraoperative period extended from anesthesia induc-
tion or anesthetic blockade to the end of the surgical proce-
dure. Blood pressure and heart rate were recorded at three
defined points: during the outpatient preanesthetic consul-
tation and upon admission to the operating room (preopera-
tive). Intraoperatively, three measurements were taken: at

the beginning, middle, and end of surgery, and their average
was used for analysis. Hypertension was defined as blood
pressure > 140/90 mmHg, tachycardia as heart rate > 100
bpm, hypotension as blood pressure < 90/60 mmHg, and bra-
dycardia as heart rate < 60 bpm.

As a retrospective study, no standardized anesthetic pro-
tocol was applied. The anesthetic technique was selected by
the attending anesthesiologist, based on the patient’s clini-
cal condition and the surgical procedure. The distribution of
techniques is detailed in the results. Complications were
recorded during both preoperative and intraoperative peri-
ods. The study protocol remained unchanged throughout.

Sample size was calculated based on the rate of surgery
cancellations for medical reasons (2%),'® with a 5% alpha and a
margin of error of 1.1%, resulting in a required sample of 622
patients. An additional 5% was added to account for potential
losses to follow up, yielding a final sample size of 700 patients.

Selection was by convenience sampling. Univariate and
multivariate analyses identified factors associated with pre-
operative and intraoperative complications. Descriptive
results are shown in tables using measures of central ten-
dency and dispersion for numerical variables, and frequen-
cies for categorical ones. Data normality was tested using
the Shapiro-Wilk test, with results expressed as mean =+
standard deviation or median (interquartile range).

To assess Systolic (SBP), Diastolic (DBP), and Heart Rate
(HR) variations across three time points, repeated-measures
ANOVA with Bonferroni correction or Friedman’s test with
Dunn’s post hoc was used, depending on normality. Associa-
tions between complications and ASA status, hypertension,
and heart disease were tested using Chi-Square or Fisher’s
exact test. Binary logistic regression identified associations
between patient characteristics and complications. A 5% sig-
nificance level was adopted. Statistical analysis was per-
formed using SPSS v26.

Assessed for eligibility (n = 700)

[ Enrollment ]

A 4

Excluded (n = 0)

A 4 r
{

Allocation

] A 4
J

Allocated to study (n = 700)

A

Follow-Up J v

Lost to follow-up (n = 0)

Analysis 1 v

Analysed (n = 700)
Excluded from analysis (n = 0)

Figure 1

Flowchart of patient selection and inclusion.
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Table 1 Baseline characteristics of the study participants.

Sex, n (%)

Male 627 (89.6)

Female 73 (10.4)
Color, n (%)

White 415 (59.3)

Brown 201 (28.7)

Black 84 (12.0)
ASA, n (%)

| 92 (13.1)

Il 426 (60.9)

1 182 (26.0)

Mean SD

Age (years) 64.2 12.7 67
Weight (kg) 70.1 1.7 69
Height (cm) 166.6 6.7 166

Median

lQ Minimum Maximum
59-73 18 93

62-78 42 114
162-170 148 190

ASA, Physical Status Classification. Numerical data expressed as mean =+ standard deviation; categorical data expressed as frequency (per-

centage) IIQ, Interquartile range (Q1-Q3).

Results

A total of 700 Urology Department patients were included.
Table 1 summarizes baseline characteristics, and Table 2
reports comorbidities identified during outpatient consulta-
tions. The total number of comorbidities is 1,048, as some
patients had more than one condition, so cumulative fre-
quency exceeds participants. The most prevalent were
hypertension (53.7%), tobacco use (40.6%), cardiovascular
disease (17.7%), and diabetes mellitus (14.3%). Patients with
any comorbidity were treated and stabilized in the outpa-
tient setting and returned for preanesthetic reassessment
and surgical clearance. A total of 376 hypertensive patients
were identified; some had long-standing hypertension,
others were newly diagnosed. All initiated antihypertensive
treatment and remained on therapy until surgery, maintain-
ing normal blood pressure. These factors influenced risk
stratification, anesthetic management, and preoperative
optimization. Table 3 shows variations in blood pressure and
heart rate across outpatient, preoperative, and intraopera-
tive periods for ASA I, Il, and lll physical status groups.

Table 2 Comorbidities and clinical risk factors detected in
preanesthetic evaluation.

Hypertension 376 (53.7)
Tobacco use disorder 284 (40.6)
Heart disease 124 (17.7)
Diabetes mellitus 100 (14.3)
Obesity 60 (8.6)
Lung disease 53 (7.6)
Anxiety 29 (4.1)
Cancer 22 (3.1)

Data presented as frequency (percentage).
2 The same patient could present more than one comorbidity
and risk factor.

Systolic and diastolic pressures significantly decreased from
outpatient to preoperative and intraoperative phases in all
ASA groups (p < 0.0001). Heart rate also decreased intrao-
peratively in ASA | (p = 0.0012) and Il (p = 0.0010) patients.

Of the 700 patients, 650 were over 40 years old and
underwent Electrocardiography (ECG). Sinus rhythm was
observed in 341 patients (52.5%), while abnormalities were
present in 47.5%. The most frequent findings were extrasys-
toles (18.2%), left ventricular hypertrophy (12.5%), right
bundle branch block (8.4%), and signs of acute myocardial
infarction (8.2%). Ninety-one patients with ECG abnormali-
ties and suggestive clinical signs were referred for echocar-
diography. Structural or functional alterations were
identified in 69 cases (10.6%), including hypertensive heart
disease (3.5%), ischemic heart disease (3.1%), ventricular
dysfunction (2%), diastolic dysfunction (1.4%), and mitral
insufficiency (0.6%).

The main surgeries performed were Transurethral Resec-
tion (TUR) of the prostate (52.3%) and bladder tumor (6.9%),
followed by pyelolithotomy (4.7%), nephrectomy (4.6%),
radical prostatectomy (4.1%), and suprapubic prostatectomy
(4.1%). Additional surgeries included orchiectomy, cysto-
pexy, hydrocelectomy, and transgenitalization.

Spinal anesthesia was the predominant technique
(77.9%), followed by general anesthesia (21%), epidural
(9.4%), sedation (1%), and local anesthesia (0.7%). These
percentages also account for cases in which anesthetic tech-
niques were combined.

Table 4 presents preoperative and intraoperative compli-
cations according to ASA physical status. The preoperative
findings refer to events observed upon entry into the operat-
ing room, during monitoring, before any anesthetic tech-
nique was initiated. This includes both patients with a
previous history of hypertension and those without such a
history who experienced a transient elevation in systemic
blood pressure immediately prior to surgery.

Preoperative monitoring in the operating room revealed
hypertension (2.0%), anemia (0.6%), atrial fibrillation
(0.1%), and bronchospasm (0.1%). One case, a 77-year-old
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Table 3

Blood pressure and heart rate by ASA class and perioperative timepoint.

ASA 1 (n =92)
SBP (mmHg) 129.1 £ 14.62 127.1 £15.92 116.3 + 14.9° <0.0001
DBP (mmHg) 80.7 +9.8° 77.6 +9.4° 73.1£10.7° <0.0001
HR (bpm) 75.9 +10.0% 75.7 £9.13P 73.2 +£8.9° 0.0012
ASA Il (n = 426)

SBP (mmHg) 143.8 +19.82 139.3 +19.5° 124.0 + 19.9° <0.0001
DBP (mmHg) 86.5+ 11.4% 82.9 +£10.7° 76.2 £ 12.14° <0.0001
HR (bpm) 76.3 £ 10.6 76.04+9.5 75.294+9.2 0.2270
ASAIl (n = 182)

SBP (mmHg) 143.2 £ 18.72 139.6 £ 19.72 124.8 + 21.4° <0.0001
DBP (mmHg) 86.8 + 11.0% 82.4 +10.1° 74.8 £12.7° <0.0001
HR (bpm) 77.6 £10.52 75.3 £ 4.4° 74.4 £ 8.9° 0.0010

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HR, Heart Rate; ASA, Physical Status Classification. Data presented as mean +
standard deviation. Different letters denote a significant difference (p < 0.05; repeated measures ANOVA test, with Bonferroni post-test).
Different letters indicate statistically significant differences. In ASA | patients, both Systolic (SBP) and Diastolic Blood Pressure (DBP) were
significantly lower intraoperatively compared to the outpatient and preoperative periods. Heart rate was also lower intraoperatively com-
pared only to the outpatient measurement. In ASA Il, SBP and DBP were lower intraoperatively than in both outpatient and preoperative
periods, with preoperative values also lower than outpatient. In ASA Ill, SBP was lower intraoperatively compared to both outpatient and
preoperative periods. DBP followed the same pattern, with preoperative values also lower than outpatient. Finally, heart rates in both
preoperative and intraoperative periods were lower than in the outpatient setting.

Table 4

Preoperative and intraoperative complications according to ASA physical status classification.

Preoperative

Hypertension 1(1.1) 12 (2.8) 1(0.5) 0.1599
Atrial fibrillation 0(0.0) 0(0.0) 1(0.5) 0.2405
Intraoperative

Hypotension 4 (4.3) 36 (8.5) 17 (9.3) 0.3371
Hypertension 0(0.0) 12 (2.8) 4(2.2) 0.2597
Bradycardia 1(1.1) 6 (1.4) 1(0.5) 0.6584

ASA, American Society of Anesthesiologists physical status classification. Data presented as frequency (percentage).

male (ASA Il) with hypertension and heart disease, had sur-
gery canceled due to severe blood pressure elevation (200/
130 mmHg). Intraoperative complications included hypoten-
sion (8.1%), inadequate neuraxial block (2.6%), hypertension
(2.3%), bradycardia (1.1%), dura mater perforation (0.1%),
and allergic reactions (0.7%).

No preoperative or intraoperative deaths occurred.
Hemodynamic parameters progressively declined from the
outpatient to intraoperative periods across ASA groups. Both
systolic and diastolic blood pressures decreased significantly
(p < 0.0001), while heart rate declined significantly in ASA |
and ASA Il patients. These changes likely reflect anesthetic
effects rather than instability. Even in ASA lll, reductions
were not excessive, suggesting effective preoperative opti-
mization. Structured preanesthetic consultations may be
associated with intraoperative stability by addressing modi-
fiable risks, supporting the value of comprehensive assess-
ment, especially in high-risk patients.

Binary logistic regression identified independent risk fac-
tors for preoperative and intraoperative complications, as
shown in Table 5. Outpatient SBP (p = 0.029), preoperative
SBP (p < 0.001), preoperative DBP (p = 0.001), and

intraoperative heart rate (p = 0.026) were associated with
an increased risk of preoperative complications. Addition-
ally, age (p = 0.008) and preoperative SBP (p = 0.029) were
associated with a higher risk of intraoperative complica-
tions. In contrast, intraoperative SBP (p < 0.001), DBP (p <
0.001), and heart rate (p < 0.001) were protective factors
against intraoperative complications.

Discussion

In this retrospective study of 700 patients undergoing uro-
logical procedures, outpatient preanesthetic consultation
conducted in advance played a key role in improving patient
preparation and perioperative outcomes. Early evaluation
allowed time for diagnostic testing, clinical optimization,
and, when needed, multidisciplinary input. It also enabled
individualized anesthetic planning, early risk identification,
and reduced surgical cancellations. This structured
approach enhances perioperative safety and supports effi-
cient, patient-centered care.
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Table 5

Sex? 0.608 0.079-4.693
Color® 1.840 0.230-14.719
ASA 0.845 0.367-1.945
Age 1.010 0.968-1.055
Weight 0.974 0.929-1.021
Height 0.963 0.891-1.040
Outpatient SBP 1.028 1.003-1.054
Outpatient DBP 1.002 0.957-1.048
Outpatient HR 0.988 0.941-1.038
Preoperative SBP 1.062 1.035-1.088
Preoperative DBP 1.072 1.027-1.118
Preoperative HR 1.018 0.963-1.077
Intraoperative SBP 1.018 0.994-1.043
Intraoperative DBP 1.018 0.976-1.061
Intraoperative HR 1.073 1.008-1.141

Multivariate logistic analysis to evaluate associations between patient characteristics and complications.

0.633 0.701 0.294-1.676 0.425
0.566 2.802 0.984-7.976 0.054
0.692 1.270 0.860-1.876 0.229
0.640 1.031 1.008-1.054 0.008°
0.276 0.992 0.972-1.013 0.461
0.336 0.979 0.944-1.014 0.235
0.029° 1.008 0.996-1.021 0.169
0.943 1.013 0.992-1.034 0.222
0.638 1.005 0.982-1.027 0.693
<0.001°¢ 1.013 1.001-1.025 0.029°
0.001¢ 1.008 0.986-1.031 0.472
0.525 1.012 0.986-1.038 0.377
0.139 0.961 0.948-0.974 <0.001¢
0.406 0.941 0.922-0.961 <0.001¢
0.026° 0.904 0.879-0.931 <0.001¢

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HR, Heart Rate; Reference variables were those that presented the highest fre-

quency.
@ Male sex as a reference variable.
b White color as a reference variable.
¢ Significant association (p < 0.05).

In contrast, same-day evaluations tend to be brief and
reactive, focused on excluding immediate contraindica-
tions, which limit comprehensive assessment, risk stratifica-
tion, and preventive or optimization strategies. According
to the ASA’s Practice Advisory for Preanesthesia Evaluation,
assessments should preferably occur within 30 days before
surgery and be updated within 48 hours, especially for high-
risk or complex cases. '°

In recent years, telemedicine has emerged as promising
strategy for outpatient preanesthetic evaluations, particu-
larly for ASA | and Il patients, in accordance with ASA guide-
lines. The ASA emphasizes that remote consultations must
maintain core elements such as clinical history, physical
examination when feasible, and informed consent."” Studies
such as Kamdar et al."" have demonstrated the safety, feasi-
bility, efficiency, and patient satisfaction of this model in
major academic centers. In Brazil, Machado et al.'? and
Freitas'® reported similar positive outcomes in public hospi-
tals, noting improved access, reduced costs, and no increase
in surgical cancellations. These findings support telemedi-
cine as a viable alternative for selected low-risk patients.

The most prevalent chronic conditions identified during
outpatient consultations were hypertension, smoking, heart
disease, diabetes, and obesity, all known to significantly
increase perioperative risk. These findings are consistent
with Klopfenstein et al.'® and Zambouri,'® who also reported
high rates of hypertension, obesity, and tobacco use in surgi-
cal populations, reinforcing the importance of early identifi-
cation and management of chronic conditions.

Hypertension was diagnosed in 53.7% of patients dur-
ing the preanesthetic evaluation, aligning with preva-
lence rates of around 60% in individuals over 60, as
reported by Dix et al.?° and De Paula.?' This is consistent
with mean age of 64.2 years in this study. Early identifi-
cation enabled therapeutic adjustments that may be

associated with better perioperative management and
surgical outcomes.

Patients received individualized care and anesthesia-
focused guidance in outpatient setting. This facilitated early
detection and control of hypertension. As a result, significant
reduction in preoperative blood pressure was observed across
all ASA classes (1, II, [ll) compared to outpatient values. Intra-
operative heart rate also significantly decreased in ASA | and
Il patients. These results are consistent with Shirdel et al.,??
who reported that qualified preoperative counseling and con-
tinued care until admission led to reductions in anxiety, sys-
tolic blood pressure, heart rate, and respiratory rate.

In the present study, causal inferences regarding the effect
of preanesthetic consultation on blood pressure reduction can-
not be drawn in absence of control group. Our project was to
characterize the clinical trajectory of patients following the
preanesthetic consultation rather than perform comparative
analyses. Reductions in blood pressure were observed both upon
entry into operating room and during intraoperative period;
nevertheless, these findings warrant cautious interpretation.
Preoperative changes may reflect the combined influence of
pharmacologic optimization, preanesthetic medication, periop-
erative anxiolysis, or other contextual factors. Accordingly, con-
clusions were framed to reflect descriptive and observational
design of study, avoiding unwarranted causal attribution.

Elective surgeries are often canceled due to uncontrolled
hypertension, particularly in older adults, as noted by Dix et
al.?% and De Paula.?' However, in this study, only one surgery
was canceled, suggesting early outpatient evaluation
allowed timely intervention and effective risk management.
This emphasizes the role of preanesthetic assessment in clin-
ical optimization, improving surgical scheduling, and reduc-
ing preventable cancellations.

Several studies, including Fischer et al.,? Kristoffersen et
al.,’> Tait et al.,” and Rosner,”* show preanesthetic
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consultations reduce delays, cancellations, hospital costs,
unnecessary tests, and complications. Among 700 scheduled
procedures in this study, only one was canceled, reflecting the
effectiveness of outpatient evaluations. Early consultations
help identify and manage clinical issues in advance, enhancing
care coordination and minimizing avoidable delays.

Conversely, Epstein et al.?> reported high cancellation
rates when patients were assessed only the night before sur-
gery. Similarly, Zambouri'® found many patients were exam-
ined only minutes before surgery. These scenarios highlight
the benefits of a proactive, structured preanesthetic
approach. In this study, patients were initially assessed in
the outpatient clinic and re-evaluated the day before sur-
gery by anesthesiology residents, who also prescribed prean-
esthetic medications as needed.

ECGs were performed in patients aged 40 and older, with
47.5% showing abnormalities, supporting findings from Alanzy et
al.,?® Correll et al.,”” and Mossie et al.® regarding increased car-
diovascular risk in older adults. Echocardiograms were requested
only when ECG abnormalities were accompanied by clinical
signs, aligning with Kristoffersen et al.? Fischer et al.? noted that
preanesthetic assessments led to fewer unnecessary tests com-
pared to surgeon-managed preoperative care. At HUCFF, tests
were requested by surgeons but followed ASA-based recommen-
dations jointly established with the Anesthesiology Outpatient
Clinic, ensuring a standardized, clinically appropriate approach.

This study was carried out in a teaching hospital, where
anesthesiology residents and medical students assumed a
central role in outpatient consultations. This model aligns
with Fischer,? who highlights the importance of active resi-
dent involvement in preanesthetic evaluations.

This study has limitations. Being conducted at a single
center may limit external validity. Total surgical duration
was not recorded, and the exact timing of intraoperative
complications was not documented, preventing analysis of
associations with specific phases or procedure length. The
retrospective design and institutional constraints precluded
inclusion of a control group or comparison with patients
evaluated by other specialties or only on the day of surgery.
Consequently, findings should be interpreted as exploratory,
and observed blood pressure reductions may reflect multiple
factors, including pharmacologic optimization, preanes-
thetic medication, perioperative anxiolysis, or clinical
course. Future prospective comparative studies with control
groups and standardized protocols are needed to confirm
these observations and clarify their clinical significance.

In Brazil, where structural inequalities affect access to
quality of healthcare, particularly in public system (SUS),
cost-effective strategies that improve patient experience
and optimize preoperative conditions are especially valu-
able. Preanesthetic consultation enables clinical assess-
ment, builds trust, reduces anxiety, and enhances patient
safety. In public healthcare, where time constraints and lim-
ited follow-up are common, this approach supports quality
care, equity, and helps mitigate disparities.

Conclusion
The study population consisted mainly of older adults, with a

high prevalence of chronic conditions such as hypertension,
tobacco use, heart disease, diabetes, and obesity.

Cardiovascular abnormalities, particularly ECG changes,
were commonly detected during outpatient consultations,
emphasizing the importance of early risk identification and
timely treatment. Reductions in preoperative and intraoper-
ative systolic and diastolic blood pressure were observed
compared with outpatient values, while intraoperative
heart rate was also significantly lower. Only one surgery was
canceled due to hypertension. Preoperative and intraopera-
tive complications were infrequent and manageable, sug-
gesting early assessment helps prevent complications and
promotes intraoperative stability.

Reductions in systolic and diastolic blood pressure were
documented upon operating room entry among patients
evaluated in outpatient preanesthetic consultation, with a
very low rate of surgical cancellations, although further
comparative and prospective studies are needed. This
approach may also support better perioperative outcomes
by enabling early risk identification, individualized planning,
and reduced cancellations. Additionally, standardized test
protocols based on clinical criteria, rather than those
defined solely by surgical teams, proved appropriate and
efficient.

In a healthcare system with structural inequalities and
limited resources, such as Brazil’s public system, cost-effec-
tive strategies optimizing preoperative preparation and
enhancing patient experience are particularly relevant.
These findings support broader implementation of outpa-
tient preanesthetic assessments to improve surgical care
quality and system efficiency.
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KEYWORDS Abstract

Intracranial Pressure; Introduction: Intracranial pressure can increase during video-laparoscopic prostatectomy due to
Mannitol; the Trendelenburg position and pneumoperitoneum, potentially leading to complications. The
Optic nerve; Optic Nerve Sheath Diameter (ONSD) has emerged as a reliable, non-invasive method to assess
Prostatectomy ICP. Mannitol is commonly used to reduce ICP, but its intraoperative effects in this surgical setting
ultrasonography remain unclear. This study aimed to evaluate the impact of mannitol administration on ICP, as

assessed by ONSD.

Methods: This single-center, randomized, parallel-group, non-blinded clinical trial, 1:1 alloca-
tion, included 48 patients undergoing video-laparoscopic prostatectomy at a tertiary hospital in
Brazil. Participants were randomly assigned to either the Mannitol Group, receiving 0.5 g.kg™" of
intravenous mannitol after 120 minutes in Trendelenburg, or the Control Group, which did not
receive mannitol. ONSD was measured using ultrasonography at four intraoperative time points
(T1—-T4). Additional variables analyzed included hemodynamic and respiratory parameters, sur-
gery duration, and extubation time. Statistical analysis was conducted using a linear mixed-
effects model.

Results: ONSD increased in both groups between T1 and T3, followed by a reduction at T4. How-
ever, the decrease in ONSD in the Mannitol Group was not statistically significant compared to
the Control Group. Regarding extubation, the mean extubation time was 24.04 &+ 15.71 minutes
in the Mannitol Group and 22.79 + 15.37 minutes in the Control Group (p = 0.782).

* Corresponding author.
E-mail: wallaceandrino@yahoo.com.br (W.A. da Silva).

https://doi.org/10.1016/j.bjane.2026.844733
0104-0014/© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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Conclusion: Mannitol administration during video-laparoscopic prostatectomy did not result in
significant differences in ONSD trajectory or extubation time compared with the control group.
At the dose and timing used, mannitol did not modify intraoperative surrogate measures of intra-

cranial pressure.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Prostate Cancer (PC) is the most common malignant neo-
plasm in men, with an estimated 1.6 million cases and
366,000 deaths annually, making it the second leading cause
of cancer-related mortality in men."? There are various
treatment options for PC, with radical video-laparoscopic
prostatectomy being widely performed as a definitive treat-
ment for localized disease. However, to establish an ade-
quate surgical field, a pneumoperitoneum with dioxide of
Carbon (CO,) insufflation and Trendelenburg positioning
(35-45°) is required. These specific conditions alter normal
physiology, leading to increased intra-abdominal, intratho-
racic, and intracranial pressure due to a reduction in cranial
venous drainage. Additionally, CO, is known to cause cere-
bral vasodilation, leading to increased cerebral blood vol-
ume and flow. These factors collectively result in a
significant increase in Intracranial Pressure (ICP).3

Intracranial pressure monitoring has traditionally relied
on neuroimaging or invasive methods. Ultrasonographic
measurement of the Optic Nerve Sheath Diameter (ONSD)
has nevertheless emerged as a simple and practical surro-
gate for ICP assessment. Although several studies have sug-
gested that an ONSD of approximately 5 mm may correlate
with ICP values above 20 mmHg, these thresholds are con-
text-dependent and show considerable heterogeneity across
populations and methodologies.*

Intraoperative ICP elevation may lead to delayed or inad-
equate emergence from anesthesia, manifesting as delirium
or disorientation.> However, postoperative neurological
complications or visual dysfunction have not been
observed.®”

Among the various strategies available to reduce ICP dur-
ing surgery, mannitol plays a significant role. It is an osmotic
diuretic that is easy to administer and relatively safe,
increasing cerebral blood flow, reducing cellular edema
through its osmotic properties, and improving cerebral oxy-
genation and microcirculation.?

This study aims to analyze the author’s hypotheses
regarding the effect of mannitol in attenuating the increase
in optic nerve sheath diameter compared with the control
group, as well as its impact on extubation time in patients
undergoing video-laparoscopic prostatectomy.

Methods

A randomized, controlled, non-blinded clinical trial was con-
ducted to evaluate patients undergoing video-laparoscopic
prostatectomy at a Brazilian tertiary university hospital
between May 2023 and October 2024. The study protocol
was submitted to and approved by the Ethics Committee of
Hospital Universitario Onofre Lopes (protocol number CAAE

55520021.5.0000.5292) and was registered in the Brazilian
Registry of Clinical Trials (ReBEC) under number 6.573.095
on September 3, 2022.

Participants

Male patients aged 20 to 79 years with a diagnosis of pros-
tate cancer and willing to participate after signing the
informed consent form were included in the study. Exclusion
criteria comprised conditions that increase intracranial
pressure, a history of neurosurgery, glaucoma, cardiac,
hepatic, or renal insufficiency, an ASA classification greater
than lll, conversion of the surgery to an open modality,
hemodynamic instability during surgery, and a surgical dura-
tion of less than 120 minutes.

Randomization and intervention

Simple randomization with a 1:1 allocation ratio was per-
formed using sequentially numbered, opaque, sealed enve-
lopes prepared by a researcher not involved in patient
enrollment. After anesthesia induction, the anesthesiologist
opened the envelope and allocated each patient to one of
two groups: the Mannitol Group (MG) or the Control Group
(CG).

Patients in the MG received intravenous mannitol after
120 minutes in the Trendelenburg position, at a dose of 0.5
g.kg™" infused over 30 minutes. Total body weight was used
for dose calculation, with a maximum dose of 50 g. Patients
in the CG did not receive mannitol, or any other intervention
intended to reduce intracranial pressure. No changes to the
study protocol or outcomes occurred after trial initiation.
The timing of mannitol administration was standardized
based on institutional workflow characteristics. As this is a
teaching hospital where video-laparoscopic prostatectomies
typically last 5 to 6 hours, and considering that approxi-
mately one-hour elapses between anesthetic induction and
the beginning of the procedure itself, the authors selected
this timing to ensure that mannitol would exert its osmotic
effect during a substantial portion of the prolonged Trende-
lenburg period. This decision was supported by using the
maximum dose of 50 g and the drug’s half-life of approxi-
mately 90—120 minutes.

All ONSD measurements were performed by staff anes-
thesiologists with more than five years of clinical experience
and specific training in optic nerve ultrasonography. The
anesthesiologist performing the measurements was not
involved in the anesthetic management of the case and
remained blinded to group allocation. Blinding was ensured
because, at the times when ONSD measurements were
taken, mannitol infusion in the MG either had not yet begun
or had already been completed. Nevertheless, the study is
considered unblinded overall, as other team members were
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aware of group assignment, given that a placebo infusion for
the control group was not feasible.

ONSD was measured once in each eye at each of the four
predefined intraoperative time points (T1-T4), and the
mean value of both eyes was used for statistical analysis.
According to the protocol, measurements would be repeated
if the inter-eye difference at the same time point exceeded
0.5 mm; however, this threshold was never reached, and no
repeated measurements were required. Using a GE Health-
Care Logiq® ultrasound system with a 7.5 MHz high-fre-
quency linear probe, ONSD was assessed 3 mm posterior to
the globe at the following time points: T1 (10 minutes after
induction), T2 (Trendelenburg position with 15 mmHg pneu-
moperitoneum), T3 (immediately before returning to hori-
zontal position at the end of surgery), and T4 (10 minutes
after resuming the supine position and pneumoperitoneum
deflation). All measurements were performed by trained
anesthesiology staff experienced in optic nerve ultrasonog-
raphy.

The strategy was designed to minimize the risk associated
with excessive ocular globe compression during surgery.
Considering that each patient underwent four measurement
time points per eye, performing three repeated measure-
ments per eye at every time point would have resulted in 12
measurements per eye throughout the procedure, signifi-
cantly increasing examination duration and potential risks
without adding meaningful clinical benefit.

Anesthetic management, data collection and
outcomes

Patients underwent balanced general anesthesia, and the
anesthesiologist determined whether neuraxial anesthesia
would also be used. Pre-oxygenation was performed using a
face mask at 8 L.min™". Following orotracheal intubation,
patients were ventilated in controlled mode with a tidal vol-
ume of 6—8 mL.kg”, a Positive End-Expiratory Pressure
(PEEP) of 5 cm H,0, and an inspired oxygen fraction of 50%.
Depth of anesthesia is routinely monitored in our service. All
patients were monitored with processed EEG (BIS®), and val-
ues were maintained between 40 and 60 throughout the pro-
cedure.

The primary outcome was the effect of mannitol adminis-
tration on the trajectory of Optic Nerve Sheath Diameter
(ONSD), measured in millimeters, across four intraoperative
time points (T1—-T4). Secondary outcomes included time to
extubation, intraoperative hemodynamic parameters (e.g.,
mean arterial pressure), respiratory parameters (e.g., EtCO,
and peak inspiratory pressure), surgical duration, and intra-
operative fluid volume.

Statistical analysis

Sample size was calculated using Stata version 15 (Stata-
Corp, College Station, TX, USA) to detect a mean difference
of 0.3 mm in ONSD between groups, assuming a standard
deviation of 0.3 mm, 80% statistical power, and a two-sided
alpha of 0.05. Allowing for an anticipated 20% attrition rate,
the final sample size was set at 24 patients per group. No
missing data were observed for the outcomes evaluated.
The Minimal Clinically Important Difference (MCID) was
defined as 0.3 mm based on prior perioperative ONSD studies

showing that intraoperative changes during pneumoperito-
neum and Trendelenburg typically range from 0.3 to 0.5
mm, and that mannitol-related effects fall within a similar
magnitude.® Additionally, studies correlating ONSD with
invasively measured intracranial pressure indicate that dif-
ferences of this magnitude may reflect clinically relevant
changes around the ICP threshold of 20 mmHg.* Published
data also show intra- and inter-observer variability of
approximately + 0.1 to 0.3 mm, suggesting that a 0.3 mm
difference exceeds expected measurement noise and likely
represents a true physiological change. Therefore, a 0.3 mm
difference was considered the smallest clinically meaningful
effect of mannitol in this setting.?™

Baseline characteristics were described using means and
standard deviations for continuous variables and frequency
distributions for categorical variables. Data normality was
assessed using the Shapiro-Wilk test. Pre-intervention differ-
ences between groups were evaluated using Student’s t-test
or Wilcoxon test for continuous variables and Pearson’s Chi-
Square test or Fisher’s exact test for categorical variables.
In addition, between-group differences in ONSD variation at
each time point were analyzed using Student’s t-test, with a
significance level set at p < 0.05.

A linear mixed-effects model was used to compare
changes in ONSD between the Mannitol and Control groups.
ONSD was considered the dependent variable. Time points
(T1, T2, T3, and T4), group assignment, and their interac-
tion were included as fixed effects. The model was addition-
ally adjusted for Body Mass Index (BMI), surgery duration,
and extubation time. Intra-individual variability was incor-
porated as a random effect to account for repeated meas-
urements within subjects. The covariance structure for
repeated measures was modelled as autoregressive of order
1 [AR(1)], assuming that measurements closer in time are
more strongly correlated. The model included a random
intercept for each subject to account for intra-individual
variability across time points; random slopes were not
included. Fixed effects comprised group, time, and group
vs. time interaction, along with BMI, surgery duration, and
extubation time as covariates. A p-value < 0.05 was consid-
ered statistically significant. Sample size calculation and
statistical analyses were performed using Stata V 15 soft-
ware. There were no missing data for the outcomes
assessed. No subgroup or sensitivity analyses were per-
formed.

Results

The study included 51 patients, with 48 patients randomized
between the Mannitol Group (n = 24) and the Control Group
(n = 24). None of them were excluded after randomization,
as shown in Figure 1. All patients allocated to the mannitol
group received the full dose as described, and no patient in
the control group received mannitol.

No significant differences were observed in baseline char-
acteristics, including age (p = 0.830) and BMI (p = 0.085), as
demonstrated in Table 1.

The analysis of intraoperative parameters showed that
mean arterial pressure and end-ETCO, levels were similar
between groups at all time points (p > 0.05). The duration
of surgery was slightly longer in the Mannitol Group (6.51 +
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[ Enrolment ] Assessed for eligibility (n=51)

Excluded (n=3)
Previous neurosurgery (n=1)
Declined to participate (n=2)

Randomised (n=48 )

Allocation
Allocated to intervention (n=24) Allocated to intervention (n=24)
R.ecelved aII.ocated lntewpntlon (n.=24) Received allocated intervention (n=24)
Did not receive allocated intervention (n=0) Did not receive allocated intervention(n=0)

Discontinued intervention (n=0) Discontinued intervention (n=0)
Lost to follow-up for primary outcome (n=0): Lost to follow-up for primary outcome (n=0):
Analysis )
A
Analysed for primary outcome (n=24) Analysed for primary outcome (n=24)
Excluded from analysis (n=0) Excluded from analysis (n=0)

Figure 1 CONSORT flow diagram.

Table 1 Demographic characteristics and results.

Age (years) 64.71 £7.13 64.33 +4.63 —0.38 (—3.93 - 3.18) 0.83
BMI (kg.m2) 24.95 + 3.60 26.58 +2.76 1.63 (—0.12 — 3.38) 0.08
Surgery duration (hours) 6.51 +1.27 5.98 +1.30 —0.52 (—1.14-0.10) 0.16
Extubation time (minutes) 24.04 £ 15.71 22.79 +15.37 —1.25(—10.56 — 8.06) 0.78
Infused volume (mL) 2161.78 £+ 655.04 2120.03 + 584.87 —41.67 (—265.08 — 181.175) 0.81
ETCO, (mmHg) - T1 32.63 +4.47 33.33+8.06 0.71 (—2.57 — 3.99) 0.70
ETCO, (mmHg) - T2 34.88 +5.01 36.42 +6.12 1.54 (-1.99 — 5.08) 0.34
ETCO, (mmHg) - T3 37.88 +5.09 37.75+3.91 —0.13 (—2.52 — 2.27) 0.92
ETCO, (mmHg) - T4 35.42 +5.19 35.92 +4.13 0.50 (—2.38 —3.38) 0,71
MAP (mmHg) — T1 70.58 + 14.27 69.33 + 11.52 -1.25(-9.39 - 6.89) 0,74
MAP (mmHg) - T2 87.29 +16.78 88.08 + 15.58 0.79 (—10.03 — 11.61) 0.87
MAP (mmHg) - T3 76.54 + 9,91 76.17 + 10.56 —0.38 (—6.88 —6.13) 0.90
MAP (mmHg) - T4 72.21+£7.72 73.75+10.74 1.54 (—-3.16 — 6.25) 0.57
Peak inspiratory pressure 18.58 +4.28 19.25 +5.70 0.66 (—2.53 — 3.87) 0.65
(cmH,0) - T1
Peak inspiratory pressure 27.00 & 3.63 26.92 +5.68 —0.08 (—2.57 — 2.41) 0.95
(cmH,0) -T2
Peak inspiratory pressure 25.46 +5.62 24.96 + 6.1 —0.50 (—3.62 — 2.62) 0.77
(cmH,0) - T3
Peak inspiratory pressure 19.67 £+ 3.94 19.79 £ 3.61 0.13(—1.93 —2.18) 0.90
(cmH,0) - T4
Mean eyes diameters (mm) - T1 3.90 +0.56 3.57+0.7 —0.33(-0.73 — 0.08) 0.08
Mean eyes diameters (mm) - T2 4.06 +0.93 3.93+£0.8 —0.13 (—0.67 — 0.40) 0.60
Mean eyes diameters (mm) - T3 4.34+0.85 4.39 £0.78 0.05 (—0.36 — 0.47) 0.83
Mean eyes diameters (mm) - T4 3.95+0.75 4.34 +£0.95 0.39 (—0.04 —0.83) 0.12

BMI, Body Mass Index; ETCO,, End-tidal Carbon Dioxide; MAP, Mean Arterial Pressure.

4
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1.27 hours) compared to the Control Group (5.98 + 1.30
hours), but the difference was not statistically significant
(p = 0.163). The volume of crystalloid infused during surgery
also did not differ between the groups. No significant
adverse events were recorded in either group.

Regarding extubation, the mean extubation time was
24.04 + 15.71 minutes in the Mannitol Group and 22.79 +
15.37 minutes in the Control Group (p = 0.782). The relative
extubation time as a percentage of total surgical duration
also did not differ significantly between groups (p = 0.650).

Analysis of ONSD revealed a progressive increase from T1
to T3 in both groups, followed by a reduction at T4. The
Mannitol Group showed a more pronounced decrease at T4
compared to the Control Group. However, between-group
differences at each time point were not statistically signifi-
cant, as shown in Figure 2. The figure displays mean ONSD
values with 95% Confidence Intervals for each time point,
along with results from univariate comparisons between
groups.

In the mixed-effects linear regression model (Table 2),
mannitol administration was not significantly associated
with changes in ONSD (8 = 0.206; 95% Cl: -0.180 to 0.592;
p = 0.984). None of the covariates included in the model -
BMI, surgery duration, or extubation time — showed signifi-
cant associations with ONSD variation. Only the intraopera-
tive time points (T1, T2, T3 and T4) remained significantly
associated with ONSD (B = 0.001; 95% Cl: 0.000 to 0.002;
p = 0.001).

Discussion

The main findings of our study indicate that the Trendelen-
burg position is associated with an increase in the ONSD dur-
ing video-laparoscopic prostatectomy. However, the

—e—Mannitol Group

administration of mannitol did not significantly alter the var-
iation in ONSD, nor did it affect extubation time.

Several studies have demonstrated the use of ONSD mea-
surement as an indirect indicator of ICP in surgeries requir-
ing pneumoperitoneum and prolonged Trendelenburg
positioning, such as conventional and robotic-assisted video-
laparoscopic prostatectomies. Kim and colleagues assessed
the extent of ICP elevation caused by CO, pneumoperito-
neum combined with the Trendelenburg position in patients
undergoing robot-assisted laparoscopic radical prostatec-
tomy. ONSD measurements and cerebral oximetry were
recorded at five different time points during surgery. Their
study, which included 20 patients, revealed a significant
12.5% increase in ONSD compared to post-induction values.
Among these patients, three showed ONSD values corre-
sponding to an ICP greater than 20 mmHg.®

Chin and co-investigators evaluated the sonographic
measurement of ONSD as a surrogate marker for ICP in 21
anesthetized patients in the Trendelenburg position. Their
findings demonstrated that ONSD measured three minutes
after positioning was significantly higher (p < 0.001) than
the value recorded after anesthesia induction (5.1 & 0.3 mm
vs. 4.5 £ 0.4 mm). This effect was also observed when Tren-
delenburg positioning was combined with pneumoperito-
neum (4.9 + 0.4 mm vs. 4.5 + 0.4 mm). However, the final
ONSD measurement after desufflation of pneumoperitoneum
was comparable to the post-induction value.®

Balkan and collaborators investigated the effects of Tren-
delenburg positioning (35°—45° tilt) and CO, insufflation on
ONSD and hemodynamic parameters in patients undergoing
robot-assisted laparoscopic radical prostatectomy to assess
potential correlations between these variables. A total of 34
patients were included. ONSD was measured using ultra-
sound at four time points: T1 (5 minutes after intubation in
the supine position), T2 (30 minutes after CO, insufflation),
T3 (120 minutes in the Trendelenburg position), and T4

--e--Control Group

5
£
£ 4
IS
£
s 3
©
-
©
2 Optic nerve sheath diameter (mm)
§ 2 Time points Mannitol Group Control Group p
© Mean 95%ClI Mean 95%ClI
S T 3.9 (3.6-4.2) 3.6 (3.3-3.8) 0.084
51 T2 4.1 (3.7-4.5) 3.9 (3.6-4.3) 0.599
O T3 4.3 (4.0-4.7) 4.4 (4.1-4.7)  0.829
T4 3.9 (3.6-4.3) 4.3 (3.9-4.7) 0.121
0
T T2 T3 T4
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Figure 2  Variation in Optic Nerve Sheath Diameter (ONSD) at four intraoperative time points (T1 to T4) in the Mannitol and
Control groups. Data are presented as mean values with 95% Confidence Intervals (95% Cl). Between-group comparisons at each time
point were performed using Student’s t-test; p < 0.05 were considered statistically significant.
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Table 2

Mannitol

BMI (kg.m2)

Surgery duration (hours)

Extubation time (minutes)

Intraoperative time points (T1, T2, T3 and T4 in minutes)

Mixed-effects linear regression model assessing the influence of mannitol on Optic Nerve Sheath Diameter (ONSD).

0.206 (0.197) —0.180 — 0.592 0.984
—0.024 (0.029) —0.081 - 0.033 0.409
—0.069 (0.076) —0.219 — 0.080 0.364
0.005 (0.006) —0.007 — 0.018 0.389
0.001 (0.001) 0.000 — 0.002 0.001

@ The dependent variable was the variation in optic nerve sheath diameter (ONSD, in mm). Fixed-effect independent variables included
mannitol use, Body Mass Index (BMI), surgery duration, extubation time, and intraoperative time points. Time was modeled as a continu-
ous fixed-effect variable. Intra-individual variability was included as a random effect to account for repeated measures within subjects.
Estimates (B), Standard Errors (SE), 95% Confidence Intervals (95% Cl), and p-values are reported.

(after abdominal desufflation in the supine position). Sys-
tolic and diastolic blood pressure, heart rate, and end-
tidal CO, were also recorded. The mean ONSD values
were 4.87 mm at T1, 5.21 mm at T2, 5.30 mm at T3, and
5.08 mm at T4. A statistically significant increase in ONSD
was observed between T1 and T3, followed by a signifi-
cant decrease at T4. Additionally, a positive correlation
was identified between ONSD and diastolic blood pres-
sure, whereas no significant correlations were found
between ONSD and mean arterial pressure, heart rate, or
end-tidal CO,.°

The potential of mannitol as an intraoperative ICP-lower-
ing agent has been explored with mixed results. Jun et al.
reported a reduction in ONSD following mannitol administra-
tion in patients positioned in Trendelenburg during robotic
prostatectomy, suggesting a potential benefit in mitigating
ICP elevation.> However, their study lacked a control group
and was not randomized, limiting the generalizability of the
findings. In contrast, our controlled data suggest that manni-
tol administration does not confer additional benefit in
reducing ONSD or improving immediate postoperative out-
comes in this specific surgical setting.

It is important to note that mannitol’s pharmacological
effects may be more pronounced in settings of sustained or
pathological ICP elevation, rather than the transient
increases seen during laparoscopic procedures in otherwise
healthy individuals. Moreover, factors such as baseline intra-
cranial compliance, the duration of surgical positioning, and
individual variation in cerebrovascular autoregulation may
modulate the impact of osmotic therapy on ICP and its surro-
gates.

Our study has several limitations. First, the potential var-
iability in ultrasonographic technique could introduce mea-
surement bias, including the possibility of intra-observer
variation despite standardized training. Second, we did not
assess perioperative neurocognitive outcomes, such as post-
operative delirium or cognitive dysfunction. Although ini-
tially considered, these evaluations were not feasible in our
institutional setting, particularly because standardized pre-
operative assessments could not be performed. Third, the
relatively small sample size may limit the detection of subtle
differences in secondary outcomes and affect the overall
precision of our estimates. Finally, because this was a single-
center study conducted in a teaching hospital with specific
workflow characteristics, the generalizability of our findings
to other settings may be limited.

Conclusion

In this randomized trial, intraoperative mannitol administra-
tion during video-laparoscopic prostatectomy did not produce
statistically significant between-group differences in ONSD tra-
jectory, hemodynamic or respiratory parameters, or extuba-
tion time. Under the specific conditions, dose, and timing used
in this study, mannitol did not modify surrogate measures of
intracranial pressure. These findings should be interpreted
cautiously as their generalizability to other populations, surgi-
cal durations, and dosing strategies may be limited.
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KEYWORDS Abstract

Epidemiology; Background: Tracheostomy is an option to ensure airway safety in patients with severe trau-
Length of Stay; matic brain injury. However, the optimal timing for tracheostomy remains unclear based on cur-
Mortality; rent evidence.

Tracheostomy; Methods: Umbrella systematic review to determine the effectiveness of early tracheostomy in
Traumatic brain injury TBI. Databases: PubMed, Embase, Scopus, Web of Science, Lilacs, Cochrane, Open Grey, and clin-

ical trials. Inclusion criteria: Meta-analysis of early tracheostomy in severe TBI patients. Exclu-
sion criteria: if there was no data regarding the time of death or the follow-up period. Data
extraction: Selection, risk of bias evaluation, and data extraction were performed by two inde-
pendent authors.

Results: Four meta-analyses were included from 5673 initial records, and a new meta-anal-
ysis was performed from data obtained in primary studies. The evidence included in this
umbrella review showed that early tracheostomy reduced ICU (MD = -5.69 days; 95% ClI
[-7.78, -3.59]) and Hospital (MD = -3.53 days; 95% Cl [-4.44, -2.62]) length of stay, time in
mechanical ventilation (MD = -5.08; 95% Cl [-7.12, -3.05]) and risk of ventilator associated
pneumonia (RR = 0.78; 95% Cl [0.70, 0.86],). These studies cannot determine the effective-
ness of early tracheostomy on mortality (RR = 1.32; 95% Cl [0.89, 1.96],) or neurological
prognosis.
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Conclusions: This umbrella review suggests that early tracheostomy is effective in reducing ICU
and Hospital length of stay, time in mechanical ventilation, and ventilator-associated

pneumonia.

Inplasy protocol: 202280096.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Traumatic Brain Injury (TBI) is any injury that affects the
skull, brain tissue, and its associated vessels, and it’s a
major public health issue worldwide. The overall incidence
of TBI is estimated at 1299 cases in North America, 1012
cases in Europe, and 801 cases in Africa (per 100,000 peo-
ple)." In Brazil, there were one million hospitalizations of
TBI patients between 2010 and 2019, and 45,42% of those
were in patients aged 20 to 49 years old.?

TBI can be classified by the Glasgow Coma Scale (GCS) as
mild (13-15), moderate (9-12), and severe (< 9) (TEASDALE,
1974).3 One of the aims in assisting patients with severe TBI
is the hemodynamic and airway management to avoid sec-
ondary injuries as hypoxemia and hypercapnia.**

Extubating in neurological patients remains a challenge.
Waiting for full neurological recovery is not mandatory. How-
ever, the ability to cough, swallow, and maintain eye contact
during evaluation can be assessed.® This strategy can result
in prolonged time in mechanical ventilation, and it has
increased hospital morbidity and mortality.”*® The prolonged
hospital care is associated with complications, such as pneu-
monia, thromboembolic events, and mortality.’

In this scenario, tracheostomy is one of the options to
guarantee a safer airway, promote early patient mobiliza-
tion, progression of the diet, reduction of airway resistance,
and complications ratio.'® Although the time to perform tra-
cheostomy still remains unclear in the light of current
evidence.® "

Hence, the aim of this umbrella review was to determine
the effectiveness of early tracheostomy in severe patients
with traumatic brain injury.

Methods

The Preferred Reporting Items for Systematic Review and
Meta-analysis Protocols'? was used to design a protocol,
which was registered on Inplasy — International Platform of
Registered Systematic Review and Meta-analysis Protocols
(ID number: 202280096). "3

The inclusion criteria were: (P) Patients above 18 years
old with a severe traumatic brain injury and advanced air-
way support; (l) Early tracheostomy (< 10 days of intuba-
tion); (C) Late tracheostomy (> 10 days) or prolonged
intubation; (O) Mortality, time on ICU stay, on Hospital stay
and in mechanical ventilation, complications (pneumonia,
pressure ulcers, thromboembolic events and time using anti-
biotics), and quality of life (scores regarding neurological
functions); and (S) Systematic reviews with meta-analysis.
No language restrictions were applied. A study would be
excluded if there was no data regarding the time of death
and follow-up period in hospital stay or after discharge.

Online databases were searched on August 22", 2022,
using the MESH terms of Craniocerebral Trauma and trache-
ostomy: Medline by PubMed, Lilacs, Cochrane, Scopus by
Elsevier, Web of Science, and Embase by Elsevier. The refer-
ences of the selected studies were also analyzed. Grey liter-
ature was sought with SIGLE by Open Grey and Clinical Trial
Register at the International Clinical Trials Registry Platform
(Supplementary Material).

Two independent reviewers (RRA and IHAA) selected the
studies and performed data extraction using pre-established
forms."® Then, disagreements were solved by consensus
meetings with a third and more experienced reviewer
(OBON).

Risk of bias was assessed using the ROBIS tool. This evalu-
ation was performed by two reviewers, independently (RRA
and EVSP). Cohen’s kappa statistic was used to measure the
level of agreement between reviewers for the selection of
eligible studies and for the risk of bias assessment. MetaXL
5.3 (Epigear, Queensland, Australia) was used to perform
meta-analyses. The Relative Risk (RR) was calculated for
dichotomic outcomes and the Mean Difference (MD) for con-
tinuous outcomes (Confidence Interval 95%). Predicting a
possible heterogeneity between studies, the random effects
model was used.

To avoid the results being inflated by overlap of primary
studies in the included meta-analyses, we performed our
own meta-analyses with the primary studies’ data (Supple-
mentary Material). The presence of heterogeneity was ana-
lyzed by the Cochrane Q statistic and was measured using
the Higgins Test (I%). To explore heterogeneity, we per-
formed a sensitivity analysis by excluding studies with a high
risk of bias, and a subgroup analysis by comparing prospec-
tive versus retrospective cohorts and late tracheostomy ver-
sus prolonged intubation in the control group. The
publication bias was assessed with the DOI-plot and LFK
index. We also checked and didn’t find any retractions in the
selected studies.

GRADE approach (Grading of Recommendations Assess-
ment, Development and Evaluation) was used to assessing
certainty of the evidence.

Results

In total, 5491 registers were identified from the search
strategy across all online databases. Then, 22 articles
were identified as potentially relevant to this umbrella
review. In the selection process, 18 articles failed to
meet the inclusion criteria, as 11 articles were dupli-
cated, six papers included TBI with other causes of
mechanical ventilation in the analysis, and one publica-
tion did not discriminate outcomes from early versus
late tracheostomy. We did not identify new studies in
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Figure 1

the screening process of references (Fig. 1). Thus, four

articles'"” were included in this umbrella review
(agreement: 91.3%; Kappa = 0.774, 95% Cl 0.41-1.00)
(Table 1).

Risk of bias

There were 70% of agreement on this stage (Kappa = 0.400,
95% Cl 0.166-0.684). Disagreements were solved by a third
reviewer (OBON):

Domain 1: Only McCredie et al. (2017)"* published a priori
protocol, nonetheless Lu et al. (2018),"® Franca et al.
(2020)"® and Marra et al. (2021)"” had describe satisfactory
the eligibility criteria and outcomes; Domain 2: Franca et al.
(2020)"® and Marra et al. (2021)"” presented high concerns
regarding the selection process because was restrict to one
database (PubMed) and the search strategy was not clear
enough to replicate; Domain 3: all of the included studies'
7 had low risk of bias because data extraction and risk of

Flowchart of the selection process.

bias was performed by two reviewers independently;
Domain 4: Franca et al. (2020)'® and Marra et al. (2021)"
didn’t take the high heterogeneity in consideration in their
results and conclusions, Lu et al. (2018)'® wasn’t clear about
the synthesis and just McCredie et al. (2017)" had low con-
cerns for executed what was planned in protocol.

Mortality

The meta-analyses results by McCredie et al. (2017)," Lu et
al. (2018),"® Franca et al. (2020)'® and Marra et al. (2021)"7
reported no difference in mortality between early and late
tracheostomy groups (Table 1). In our meta-analysis we also
found no difference between groups with three RCTs'®2°
and this data showed no heterogeneity (RR = 1.86 [0.90,
3.84], 1> = 0%, Q = 1.06, p = 0.59). The same result was pre-
sented with eight cohorts,?%’ but this data reported a mod-
erate heterogeneity (RR = 1.32 [0.89, 1.96], I*> = 56%,
Q=16.06, p = 0.02) (Table 2).
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Table 1 Results of meta-analyses included with primary studies.

Mortality McCredie et al. (2017)"
Luetal. (2018)"
Franca et al. (2020)'®
Marra et al. (2021)"7

VAP McCredie et al. (2017)"

Luetal. (2018)"

Franca et al. (2020)"®

Marra et al. (2021)"7

RCT
Sugerman et al. (1997)'®
Bouderka et al. (2004)"°
Dunhan et al. (2014)%°
Barquist et al. 200632

RCT

Sugerman et al. (1997)'®
Bouderka et al. (2004)"°
Dunhan et al. (2014)%°
Observational

Siddiqui et al. (2015)*
Kahlili et al. (2017)**

Alali et al. (2014)%®
Ahmed, Kuo et al. (2007)%”
Wang et al. (2012)28

RCT

Dunhan et al. (2014)%°
Observational

Shibahashi et al. (2017)*'
Kahlili et al. (2017)%*

Alali et al. (2014)%¢
Ahmed, Kuo et al. (2007)%”
RCT

Sugerman et al. (1997)'®
Dunhan et al. (2014)"
Observational

Shibahashi et al. (2017)*'
Robba et al. (2020)%
Kahlili et al. (2017)%*

Rizk et al. (2011)?°

Alali et al. (2014)%®
Ahmed, Kuo et al. (2007)%”
RCT

Sugerman et al. (1997)'®
Bouderka et al. (2004)"®
Dunhan et al. (2014)%°
Barquist et al. (2006)3?
Blot et al. (2008)

Fayed et al. (2012)

RCT

Sugerman et al. (1997)'®
Bouderka et al. (2004)"°
Dunhan et al. (2014)%°
Observational

Siddiqui et al. (2015)*
Kahlili et al. (2017)%*

Alali et al. (2014)%¢
Ahmed, Kuo et al. (2007)%”
Wang et al. (2012)%

RCT

Dunhan et al. (2014)%°
Observational

Shibahashi et al. (2017)*'
Kahlili et al. (2017)%*

Alali et al. (2014)2®
Ahmed, Kuo et al. (2007)%”
Observational

Shibahashi et al. (2017)*'

RCT: RR = 1.2 [0.44, 3.30], 12 = 37%

RCT: OR =2.58 [0.96, 6.96], I = 0%

Cohort: OR=1.15 [0.81, 1.63], 1> = 0%

RCTand Cohort: Risk = 0.03 [-0.02, 0.07],
12 = 69%

RCT: OR = 3.154 [0.456, 21.695], I = 0%

Cohort: OR 1.505 [0.993, 2.279], I: 49.435%

RR =0.89 [0.65, 1.21], 12 = 54%

RCT: OR = 0.89 [0.47, 1.68], I* = 0%

Cohort: OR = 0.62 [0.51, 0.77], 1> = 0%

RCTand Cohort: RR =0.78 [0.70, 0.88],
1= 0%

Cohort: OR = 0.623 [0.518, 0.750], I* = 0%
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Table 1 (Continued)

Time in MV McCredie et al. (2017)"
Luetal. (2018)"
Franca et al. (2020)'®
Marra et al. (2021)"7

LOS (ICU) McCredie et al. (2017)"

Luetal. (2018)"

Franca et al. (2020)'¢

Robba et al. (2020)%
Kahlili et al. (2017)%*

Alali et al. (2014)%®
Ahmed, Kuo et al. (2007)%”
Wang et al. (2012)28

RCT

Sugerman et al. (1997)'®
Bouderka et al. (2004)"°
Dunhan et al. (2014)%°
Barquist et al. (2006)3?
Blot et al. (2008) (NO TBI)
Terragni et al. (2010) (NO TBI)
Fayed et al. (2012) (NO TBI)
Bosel et al. (2013) (NO TBI)
Youngi et al. (2021) (NO TBI)
RCT

Bouderka et al. (2004)"°
Dunhan et al. (2014)%°
Observational

Siddiqui et al. (2015)%?
Robba et al. (2020)%
Kahlili et al. (2017)%*

Alali et al. (2014)%¢
Ahmed, Kuo et al. (2007)%”
Wang et al. (2012)%

RCT

Dunhan et al. (2014)%°
Observational

Shibahashi et al. (2017)*'
Alali et al. (2014)%®
Ahmed, Kuo et al. (2007)%”
RCT

Dunhan et al. (2014)%°
Observational

Shibahashi et al. (2017)*'
Robba et al. (2020)%

Alali et al. (2014)2°
Ahmed, Kuo et al. (2007)*’
RCT

Sugerman et al. (1997)'®
Blot et al. (2008) (NO TBI)
Terragni et al. (2010) (NO TBI)
Bosel et al. (2013) (NO TBI)
Youngi et al. (2021) (NO TBI)
RCT

Sugerman et al. (1997)'®
Bouderka et al. (2004)"°
Dunhan et al. (2014)%°
Cohorts

Siddiqui et al. (2015)%
Kahlili et al. (2017)%*
Ahmed, Kuo et al. (2007)%”
Wang et al. (2012)%
Cohorts

Shibahashi et al. (2017)*'
Kahlili et al. (2017)%*

Alali et al. (2014)2®
Ahmed, Kuo et al. (2007)%”

MD = -2.72 [-4.15, -2.19], I* = 0%

RCTand Cohort: MD =-4.92 [-6.82, -3.02],
1> =51%

RCT and Cohort: MD = -4.15 [-6.30, -1.99],
12 = 85%

RCT and Cohort: MD = -4.866 [-6.981,

-2.751], 1 =93.203%

MD = -2.55 [-4.59, -0.50], IZ = 0%

RCT and Cohorts: MD = -3.08 [-3.75, -2.41],
1> = 38%

Cohorts: MD = -5.87 [-8.74, -3.00], I* = 83%
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Table 1 (Continued)

Marra et al. (2021)"7

LOS (Hospital)

Luetal. (2018)"

Franca et al. (2020)'¢

Marra et al. (2021)"7

Cohorts

Shibahashi et al. (2017)*'
Robba et al. (2020)%
Kahlili et al. (2017)%*

Alali et al. (2014)%°
Ahmed, Kuo et al. (2007)%”
Cohorts

Siddiqui et al. (2015)%2
Kahlili et al. (2017)%*

Alali et al. (2014)2®
Ahmed, Kuo et al. (2007)%”
Wang et al. (2012)%
Cohorts

Shibahashi et al. (2017)*'
Kahlili et al. (2017)%*

Alali et al. (2014)2®
Cohorts

Shibahashi et al. (2017)%'

Cohorts: MD =-5.96 [-7.99, -3.92],

1> = 88.661%

Cohorts: MD = -4.79 [-8.63, -0.94]; 12 = 59%
Cohorts: MD = -6.68 [-8.03, -5.32]; I* = 0%
Cohorts: MD = -6.97 [-8.25, -5.68]; I> = 0%

Robba et al. (2020)%
Kahlili et al. (2017)%*

Alali et al. (2014)%®
Ahmed, Kuo et al. (2007)%”

RR, Risk Ratio; OR, Odds Ratio; MD, Mean Difference; RCT, Randomized Control Trial; VAP, Ventilator-Associated Pneumonia; Time in MV,
Duration (in days) of mechanical ventilation; LOS (ICU), ICU Lenght of stay; LOS (Hospital), Hospital Lenght of stay; ET, Early Tracheos-

tomy; LT, Late Tracheostomy; PI, Prolonged Intubation.

Ventilator-associated pneumonia

Franca et al. (2020)'® and Marra et al. (2021)"7 reported a
decrease in the risk of ventilator-associated pneumonia in the
ET group. Otherwise, McCredie et al. (2017)'* and Lu et al.
(2018)"> reported no difference between groups. Our meta-
analyses found no difference between early and late tracheos-
tomy on the risk of pneumonia (RR = 0.94 [0.70, 1.27]; I* = 0%,
Q = 0.07, p = 0.97) across three RCTs."®%° The ET group
reduced in 22% the risk of ventilator-associated pneumonia in
seven cohort studies??” (RR = 0.78 [0.70, 0.86]; I> = 0%,
Q=2.75, p =0.84). Meta-analyses with RCTs and cohort studies
did not show statistical heterogeneity (Fig. 2).

Duration of mechanical ventilation
All included meta-analyses'*'” reported that the ET group
was significantly associated with reduced duration of
mechanical ventilation. In our analysis, there was no differ-
ence in the Mean Difference in days of mechanical ventila-
tion between groups in two RCTs'®2° (MD = -2.95 [-6.16,
0.26]; (I* = 0%, Q = 0.00, p = 0.98). In our meta-analysis of
five cohorts,2!23:2628 the ET group was associated with
fewer days in mechanical ventilation, although this result
was based on high heterogeneity (MD = -5.08 [-7.12, -3.05];
12 = 85%, Q = 26.84, p = 0.00) (Fig. 2).

ICU length of stay

Four meta-analyses'*"” reported that the ET group was sig-

nificantly associated with reduced ICU length of stay. In our

analysis, just one RCT'® evaluated this outcome. The ET
group was associated with fewer days in mechanical ventila-
tion in six cohorts?"23242628 (Mp = -5.69 [-7.78, -3.59];
12 =73%, Q= 18.37, p = 0.00) (Fig. 2).

Hospital length of stay

McCredie et al. (2017),"* Lu et al. (2018),"® and Franca et al.
(2020)"® reported that the ET group was significantly associ-
ated with reduced hospital length of stay. In our meta-analy-
sis, we also reported that the ET group was associated
with fewer days in mechanical ventilation in six
cohorts?!23:2426-28 (D = -3.53 [-4.44, -2.62]; I* = 0%,
Q=3.47, p=0.63) (Fig. 2).

Quality of life

None of the included meta-analyses reported this outcome.
However, five cohort studies presented some types of scores
for this outcome. Two cohorts*"??2 demonstrated by GOS
(Glasgow Outcome Scale), Shibahashi et al. (2017)%
reported no statistical difference between groups, and Sid-
diqui et al. (2015)%2 showed a better result in the early tra-
cheostomy group, but without a statistical analysis.

Two cohorts?>?* evaluated GOSE (Glasgow Outcome
Scale-Extended) at 6 months of follow-up. Robba et al.
(2020)% reported a worse result (OR = 1.69 [1.07—2.67],
p = 0.018). Khalili et al. (2017)%* showed no statistical differ-
ence between groups. One study?® evaluated FIM (Functional
Independence Measure) with better results in the ET group
(FIM > 10, ET: 43% vs. LT: 29%, p < 0.0001).
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Figure 2
ventilation, (C) ICU length of stay, (D) Hospital length of stay.

Other health care related outcomes

None of the meta-analyses selected reported these out-
comes. One cohort?® reported fewer events of decubitus
ulcer (ET: 4.03% vs. LT: 8.93%), deep venous thrombosis (ET:
8.23% vs. LT: 14.36%), and pulmonary embolism (ET: 1.75% vs
LT: 3.33%) in the ET group. Another cohort?® showed more
infectious events (sepsis, septicemia, and acute sinusitis) in
the LT group (ET: 24.35% vs. LT: 34.9%). Moreover, Robba et

Forest plot of early tracheostomy in severe TBI patients: (A) Ventilator-associated pneumonia, (B) Time in mechanical

al. (2020)%3 presented a higher need for antibiotics in the LT
group (ET: 88.33% vs. LT: 95.65%).

Publication bias

The risk of publication bias was analyzed in mortality and
VAP from RCTs. 82 |n the mortality meta-analysis, we found
no asymmetry in publication bias (LFK index: -0.59). In the
VAP meta-analysis, we reported a minor asymmetry on
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publication bias (LFK index: 1.94). Otherwise, there was a
major asymmetry in risk of publication bias in cohort meta-
analysis about mortality (LFK index: -4.56), ventilator-asso-
ciated pneumonia (LFK index: -2.10), duration in mechanical
ventilation (LFK index: -4.51), ICU length of stay (LFK index:
-2.82), and Hospital length of stay (LFK index: -3.83) (Sup-
plementary Material).

Homogeneity and sensitivity

To address heterogeneity in observational studies, we sepa-
rated prospective from retrospective cohorts and excluded
the only study?? that used prolonged intubation as the con-
trol group. This analysis showed an increase in mortality in
the ET group in prospective cohorts, although this result was
based on a major asymmetry in publication bias analysis
(RR = 1.74 [1.25, 2.41], 1> = 23%, Q = 3.87, p = 0.28, LFK
index = -4.65). The retrospective cohorts presented no dif-
ference between groups and no asymmetry in publication
bias (RR = 1.21 [0.50, 2.93], 1> = 28%, Q = 2.77, p = 0.25, LFK
index = -0.20). The benefit of ET in reducing the risk of venti-
lator-associated pneumonia was sustained when we
removed the Siddiqui et al. (2015)*? study, and the data
were presented with minor asymmetry (LFK index = -1.81)
(Supplementary Material).

GRADE

The force of evidence was considered moderate in cohort
studies on ICU length of stay, hospital length of stay, and
duration of mechanical ventilation. However, mortality and
ventilator-associated pneumonia were low or very low
(Table 2).

Discussion

The impact of early tracheostomy does not appear to be sig-
nificant on mortality in patients on mechanical ventilation
due to neurological involvement. Our results showed that
both randomized clinical trials and cohort studies did not
provide enough data to define the effectiveness of ET in pre-
venting deaths in severe TBI patients, and these results
were also the same as those found for other neurological
causes, such as stroke,? acute brain injury,*® and spinal
cord trauma.?'

Regarding the incidence of Ventilator-Associated Pneu-
monia (VAP), the literature reports highly discordant results,
not only for TBI. For example, in critically ill patients in the
ICU, some studies indicate no difference between early and
late tracheostomy.®*3° Other studies showed benefit from
performing an ET in neurological patients;2%3%3¢ however,
in non-neurological patients, they did not maintain that
benefit.?”

There was a difference in the data on pneumonia cases in
the Alali et al. (2014)%¢ study. Franca et al. (2020)"® used a
propensity-matched analysis excluding deaths; as a result,
213/516 cases were reported in the ET group and 281/516 in
the LT group. However, two meta-analyses'>'” used a pro-
pensity-matched analysis with deaths; therefore, the num-
ber of events was 238/571 in the ET group and 301/571 in
the LT group. In our meta-analyses, we used a propensity-

10

matched analysis with deaths and found that early tracheos-
tomy reduced the risk of ventilator-associated pneumonia
by 22%.

Time on mechanical ventilation is highly relevant in criti-
cally ill care. As in VAP, neurological patients?®3":3® show
better outcomes with early tracheostomy than critically ill
patients in general®** or non-neurological patients.3” This
umbrella supports the results in neurological patients, with
moderate-high certainty, and the evidence from cohorts,
mainly due to the magnitude of the effect, with an average
reduction of 7.53 days in mechanical ventilation time in the
ET group. However, the clinical trials failed to confirm that
benefit.

Although some studies fail to demonstrate a benefit of
early tracheostomy in critically ill patients in reducing ICU
length of stay 33,37, most of the literature indicates that
patients undergoing ET spend less time in the
ICU.30:31:35:36.38 The Umbrella result followed the same
direction as the time in mechanical ventilation. It showed a
benefit with moderate certainty of evidence, with a mean
reduction of 7.34 days in patients undergoing ET, based on
an evaluation of 651 patients.

This Umbrella review indicated an average mean reduc-
tion of 3.53 days in hospital length of stay in the ET group,
with moderate certainty of evidence evaluating 1939
patients. Bertini et al. (2023)3® also reported this benefit,
but with a smaller magnitude, reducing the average by 1.26
days with PT. As in VAP, ET seems to be better indicated in
neurological patients?*3"-3 than in non-neurological
patients.3”

Outcomes as complications (pneumonia, septicemia, can-
didemia, pressure ulcers, thromboembolic events, and time
on antibiotics), and quality of life (scores regarding neuro-
logical function) lacked sufficient data to assess the effec-
tiveness of early tracheostomy, and this should be taken into
consideration for future trials.

Our results were limited by lower concordance among
reviewers in the risk of bias analysis, although divergen-
ces were resolved in consensus meetings, and the selec-
tion showed satisfactory concordance among reviewers.
Another limitation was the risk of bias analysis in the pri-
mary studies, which we did not perform, but the four
meta-analyses included did not report major issues in
their analyses.

Conclusions

The evidence included in this umbrella review suggests that
early tracheostomy is associated with reduced ICU and Hos-
pital length of stay, time on mechanical ventilation, and
ventilator-associated pneumonia. These studies cannot
determine the effectiveness of early tracheostomy on mor-
tality and neurological prognosis.

Data availability statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author upon rea-
sonable request.
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KEYWORDS Abstract

Dexmedetomidine; Background: Remimazolam, a short-acting benzodiazepine, has emerged as a potential safer
Flexible alternative for sedation in Flexible Bronchoscopy (FB). This meta-analysis compares its efficacy
bronchoscopy; and safety with Propofol, Dexmedetomidine, and Midazolam in adult patients undergoing FB.
Midazolam; Methods: PubMed, Embase, and Cochrane databases were searched on July 17, 2025, for trials
Propofol; comparing Remimazolam with other sedatives. Primary outcomes included hypotension, brady-
Remimazolam; cardia, and intraprocedural opioid consumption; secondary outcomes were hypoxia, respiratory
Sedation depression, patient satisfaction, induction time, and recovery time. Pooled Risk Ratios (RR),

Mean Differences (MD), and Standardized Mean Differences (SMD) were calculated using a ran-
dom-effects model in R (4.4.0). Risk of bias was assessed using the RoB2 tool, and subgroup anal-
yses were conducted for each comparator.

Results: Eleven trials (1,884 patients) were included. Remimazolam reduced respiratory depres-
sion (RR = 0.44 [95% C1 0.29; 0.67]; p = 0.0002; I? = 0%), hypoxia incidence (RR = 0.60 [95% Cl 0.39;
0.93]; p = 0.0227; 1> = 64.7%), bradycardia (RR = 0.39 [95% Cl 0.20; 0.77]; p = 0.0069; I* = 52.3%),
and hypotension (RR = 0.61 [95% Cl 0.40; 0.95]; p = 0.0289; I? = 74.0%) compared to all sedatives.
Compared to Propofol, Remimazolam reduced the incidence of hypotension (RR = 0.42 [95% ClI
0.31; 0.58]; p < 0.0001; I* = 0%), respiratory depression (RR = 0.41 [95% C| 0.25; 0.68];
p = 0.0005; 1> = 12.3%), but increased induction time (MD = 0.61 min [95% ClI 0.23; 0.99];
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E-mail: luizfabioribeiro415@gmail.com (L.F. Ribeiro).
' Both authors are designated as co-first authors.
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0104-0014/© 2026 Published by Elsevier Espana, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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p = 0.002; 17 = 90.9%). Compared to Dexmedetomidine, it improved satisfaction (SMD = 0.23 [95%
Cl 0.07; 0.39]; p = 0.004; 1> = 0%) and reduced recovery time (MD = -1.79 min [95% Cl -2.66;
-0.92]; p < 0.001; 12 = 90.7%), hypoxia incidence (RR = 0.49 [95% CI 0.28; 0.88]; p = 0.0162;
12 = 60.3%), and induction time (MD = -2.21 min [95% Cl -2.41; -2.00]; p < 0.001; 12 = 0%). Com-
pared to Midazolam, Remimazolam increased sedation success (RR = 2.03 [95% CI 1.40; 2.95];
p = 0.0002; 12 = 50%), shortened induction time (MD = -0.69 min [95% Cl -1.37; -0.01]; p = 0.047;
12 = 81.5%), and recovery time (MD = -4.49 min [95% CI -7.06; -1.92]; p < 0.001; 1 = 40.9%).
Conclusions: Remimazolam reduced respiratory depression overall and demonstrated improved
safety, faster recovery, and greater efficacy compared to Propofol, Dexmedetomidine, and Mida-
zolam, respectively, supporting its potential as an effective alternative for sedation in FB. None-
theless, substantial heterogeneity in certain outcomes and the relatively small sample size in
some comparisons limit the generalizability of our findings.

Systematic review protocol: PROSPERO (CRD 42024568148).

© 2026 Published by Elsevier Espana, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).

Introduction

Flexible Bronchoscopy (FB) is a widely performed procedure
for diagnosing and treating pulmonary diseases.' In the
United States alone, over 500,000 FB procedures are done
annually, underscoring the clinical importance of optimizing
sedation strategies in high-volume settings.* This high pro-
cedural burden is also reflected globally, where FB remains a
cornerstone in the diagnosis and management of respiratory
conditions, with utilization having expanded significantly
worldwide over the past two decades.® Ensuring optimal
sedation during this procedure is critical to patient safety,
comfort, and procedural success. Propofol, Dexmedetomi-
dine and Midazolam are commonly employed to guarantee
adequate sedation during FB, and Remimazolam has
emerged as a promising alternative.®’

Remimazolam is a novel short-acting benzodiazepine that
enhances GABA, receptor activity and is rapidly hydrolyzed
by nonspecific esterases, forming an inactive metabolite.®
Propofol is an intravenous hypnotic agent that acts as a
y-aminobutyric acid-A (GABA,) receptor agonist and has
been widely used over the past three decades.® Dexmedeto-
midine, a selective «-2 adrenoceptor agonist approved in
the United States in 1999, is commonly used for sedation.'®
Midazolam, a benzodiazepine, is one of the most frequently
used sedatives, primarily modulating GABA, receptors.’

Due to Remimazolam’s pharmacological properties, it has
emerged as an alternative for bronchoscopy sedation,
highlighting its clinical relevance due to its quick onset, high
procedure success rate, minimal residual effect, hemody-
namic and respiratory stability.””'>"® Additionally, tradi-
tional sedatives used for FB are associated with various
adverse effects. Propofol is linked to hypotension, bradycar-
dia, and respiratory depression.®”"'* Dexmedetomidine may
prolong recovery time.'> Midazolam is known to cause pro-
longed post-procedure sedation and delayed recovery.®'
Although Remimazolam has shown promising results, there
is a lack of comprehensive evidence comparing its efficacy
and safety with these sedatives for FB procedure.

This systematic review and meta-analysis compares
Remimazolam versus Propofol, Dexmedetomidine and Mida-
zolam in terms of efficacy and safety outcomes — hypoten-
sion, bradycardia, intraprocedural opioid consumption,

hypoxia, respiratory depression, patient satisfaction, induc-
tion time, and recovery time — with subgroup analyses com-
paring Remimazolam with each sedative individually.

Methods

This systematic review and meta-analysis were performed
and reported following the Cochrane Collaboration Hand-
book for Systematic Review of Interventions'® and the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) Statement guidelines.'” This review was
registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO) database on July 22, 2024 (reg-
istration number CRD 42024568148), https://www.crd.york.
ac.uk/PROSPERO/view/CRD42024568148. There were no
deviations from the pre-specified protocol in this systematic
review and meta-analysis, including eligibility criteria, out-
come definitions, data extraction, and statistical methods.

Systematic literature search

We conducted a comprehensive systematic search on July
17, 2025 across PubMed, Embase, and Cochrane Library
databases to identify all relevant studies. A combination of
the following terms was used to search all databases: Remi-
mazolam; Byfavo; “CNS 7056”. The complete search strat-
egy for each database is provided in the Supplementary
Appendix. Only studies in the English language were
included; no further restrictions were applied to the search,
and the grey literature was not searched, in order to
enhance methodological rigor and ensure the reliability of
the synthesized evidence.

Selection criteria and data extraction

We included only Randomized Controlled Trials (RCTs) in English
in this systematic review and meta-analysis. Two authors inde-
pendently assessed the titles and abstracts using Rayyan,
assessed the full texts of potentially eligible studies and
removed the duplicates.'® We consulted a third author to reach
a consensus in cases of unresolved disagreement and included
studies based on the Population, Intervention, Control, and
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Outcomes (PICO) guidelines.'? The inclusion criteria were: 1)
Population: Adult patients undergoing flexible bronchoscopy; 2)
Intervention: use of intravenous Remimazolam for sedation; 3)
Comparison: intravenous Propofol, Dexmedetomidine, or Mida-
zolam for sedation; and 4) Outcomes: incidence of hypotension
during the procedure, bradycardia, intraprocedural opioid con-
sumption, respiratory depression, patient satisfaction, success
of sedation, time to complete recovery of consciousness, hyp-
oxia and induction time to sedation.

We excluded: 1) Studies with overlapping populations,
defined as the same institutions and recruitment periods; 2)
Studies reporting no outcomes of interest; 3) No control
group; 4) Non-RCTs; 5) Patients undergoing rigid bronchos-
copy; 6) Conference abstracts; and 7) Patients under con-
scious sedation. There were no restrictions based on the
publication date. We did not search the grey literature and
contacted the corresponding author for specific study
results, in cases of missing data from individual studies. All
included and cited studies will be systematically screened
for potential retractions using the PubMed/MEDLINE and
Retraction Watch databases.

Two reviewers independently collected data using a pre-
designed Excel datasheet. The following variables were col-
lected: publication year; country; enrollment period; baseline
characteristics; Remimazolam dosage; comparator sedative
dosages; analgesic regimen; sedation level; incidence of
adverse events (hypotension, respiratory depression, bradycar-
dia, hypoxia); intraprocedural opioid consumption; patient sat-
isfaction, sedation success; recovery time; and induction time.

Quality and risk assessment

Two reviewers independently evaluated the risk of bias using
version 2 of the Cochrane Risk of Bias tool (RoB2) for random-
ized controlled trials. They assigned a judgment of “low
risk”, “some concerns”, or “high risk” for each of the five
domains: bias arising from the randomization process, devia-
tions from intended interventions, missing outcome data,
outcome measurement, and selection of the reported results.
Any disagreements were resolved through consensus.?’

To assess the robustness of the obtained estimates and
evaluate heterogeneity, a leave-one-out analysis (Supplemen-
tal Fig. 1) was performed for all outcomes. When an outcome
included at least 10 studies, we assessed publication bias
through the funnel plot and Egger’s test (Supplemental Fig.
2). Additionally, Baujat plots were used to identify individual
studies that contributed substantially to heterogeneity in
cases where IZ was 50% or higher (Supplemental Fig. 3).%

Primary and secondary outcomes

Our primary outcomes were the incidence of hypotension,
bradycardia and intraprocedural opioid consumption. Hypo-
tension was defined as Systolic Blood Pressure (SBP) < 90
mmHg or 20% lower than baseline,?>?* or a Mean Arterial
Pressure (MAP) reduction > 20% of baseline.?3"?® Bradycardia
was defined as a Heart Rate (HR) < 60 Beats Per Minute
(BPM) or a reduction greater than 20% compared with base-
line or an HR < 50 BPM.2%?% Intraprocedural opioid consump-
tion was expressed in intravenous morphine equivalents,
calculated using the method proposed by Kane et al., follow-
ing the guidelines of the American Pain Society.?’

We pooled results whenever three or more studies
reported the same outcome. The secondary outcomes
included respiratory depression, defined as < 10 breaths per
minute or < 8 breaths per minute;* hypoxia, defined as oxy-
gen saturation < 90%.232° Patient satisfaction score was
assessed by a standardized 5-point or 10-point scale, where
lower scores indicate lower satisfaction; induction time;
sedation success, defined as successful completion of the FB
procedure; and time to complete recovery of consciousness,
defined as the interval from the bronchoscopy completion to
full awakening.

Statistical analysis

We analyzed the data using R software, version 4.4.0. We
computed Risk Ratios (RR) with 95% Confidence Intervals (95%
Cl) for each binary endpoint. We defined statistical signifi-
cance as p < 0.05. We reported continuous outcomes as Mean
Differences (MD) with 95% Cl when studies used the same
scale and as Standardized Mean Differences (SMD) with 95% ClI
when different scales were used to measure the same out-
come. When continuous data were reported as medians with
IQR or range, we calculated the mean and SD using the meth-
ods proposed by Luo et al. and Wan et al.282° Considering the
anticipated clinical and methodological heterogeneity across
studies, including variability in patient populations, dosing
regimens, and comparators, a random-effects model was
deemed the most suitable approach for synthesizing the
pooled results.?®?° Additionally, we assessed heterogeneity
among the trials using the I? statistic, with I > 50% indicating
significant heterogeneity and explored heterogeneity sources
with leave-one-out sensitive analysis and Baujat plot.?%3° We
conducted subgroup analyses for each comparator (Propofol,
Dexmedetomidine and Midazolam) to distinguish their individ-
ual effects on the pooled results. The data and analytical
code supporting the findings of this study are available from
the corresponding author upon reasonable request.

Results
Search results

We identified a total of 3,696 reports through our search
strategy, with 1,548 duplicates. We screened the titles and
abstracts of the remaining 2,148 reports, excluding 2,129.
We assessed the full text of nineteen trials, excluding eight
(Fig. 1). The remaining eleven RCTs were included in this sys-
tematic review and meta-analysis.

Study characteristics

We included eleven RCTs with 1,884 patients.?3-26:31-37 Of
these, 1,057 received Remimazolam, while 827 received
comparator sedatives, including Dexmedetomidine, Propo-
fol, and Midazolam. All patients were classified as ASA I-III.
Nine studies were conducted in China. The dose of Remima-
zolam varied across the RCTs. Details of the individual stud-
ies, like drug dosages and relevant characteristics, are
summarized in Table 1.
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Figure 1 PRISMA-compliant flow diagram of study screening

and selection. PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-analysis.

Risk of bias

Among the eleven included studies in this systematic review
and meta-analysis, two were assessed as having an overall
low risk of bias, while the remaining nine were classified as
presenting “some concerns”, predominantly due to limita-
tions in the domain of selective reporting of results. Impor-
tantly, no study was deemed to have a high overall risk of
bias. A summary of the assessment for each specific domain
is provided in Figure 2.

The primary source of bias concerns was incomplete or
unclear reporting of prespecified outcomes, which may
introduce a risk of reporting bias. Nevertheless, all studies
provided sufficient data for the extraction and analysis of
primary and secondary outcomes. Moreover, domains critical
to internal validity, including the randomization process,
adherence to intended interventions, completeness of out-
come data, and outcome measurement, were predominantly
judged to be at low risk, thereby enhancing the overall reli-
ability of the evidence base.

Outcomes

Primary outcomes

The Remimazolam group demonstrated a statistically signifi-
cant reduction in the incidence of hypotension (RR = 0.61
[95% Cl 0.40; 0.95]; p = 0.0289, I> = 74.0%, 11 trials, 1,883
patients, Fig. 3A). When individually compared to Propofol,
the Remimazolam group was associated with a significantly
lower incidence of hypotension (RR = 0.42 [95% Cl 0.31;

0.58]; p < 0.0001, 12 = 0%, 5 trials, 688 patients, Fig. 3A). No
significant differences were observed between Remimazo-
lam and Dexmedetomidine or Midazolam in the subgroup
analysis for this outcome. The certainty of evidence was
deemed low for the hypotension incidence outcome.

Remimazolam showed a statistically significant reduction
in the incidence of bradycardia in the overall analysis
(RR =0.39 [95% C10.20; 0.77]; p = 0.0069, 1% = 52.3%, 9 trials,
1479 patients, Fig. 3B). The certainty of evidence was
deemed low for the bradycardia incidence outcome. The
subgroup analysis showed no significant difference between
Remimazolam and any individual comparator for this out-
come.

Similarly, intraprocedural opioid consumption did not sig-
nificantly differ between Remimazolam and the overall sed-
ative group (MD = -0.58 mg of intravenous morphine [95% ClI
-1.31; 0.14]; p = 0.114, 1> = 95%, 6 trials, 1,451 patients,
Fig. 3C), with no statistical differences found in the sub-
group comparisons. The certainty of evidence was deemed
low for the intraprocedural opioid consumption outcome.

Secondary outcomes

The Remimazolam group showed a statistical reduction in
respiratory depression compared to the overall analysis
(RR = 0.44 [95% Cl 0.29; 0.67]; p = 0.0002, I = 0%, 5 trials,
1080 patients, Fig. 4A) and when individually compared to
Propofol (RR = 0.41 [95% CI 0.25; 0.68]; p = 0.0005,
12 = 12.3%, 3 trials, 562 patients, Fig. 4A). No significant dif-
ferences were observed with the other sedatives. The cer-
tainty of evidence was deemed moderate for the respiratory
depression incidence outcome.

Our analysis revealed no statistically significant differ-
ence between the Remimazolam group and the overall anal-
ysis on the patient satisfaction score (SMD = 0.15 [95% CI
-0.03; 0.33]; p = 0.109, 1% = 46.7%, 7 trials, 1041 patients,
Fig. 4B). However, Remimazolam sedation was associated
with higher patient satisfaction compared to the Dexmede-
tomidine individual group (SMD = 0.23 [95% CI 0.07; 0.39];
p = 0.004, 12 = 0%, 3 trials, 629 patients, Fig. 4B). There was
no significant difference between Remimazolam and the
other comparators. The certainty of evidence was deemed
moderate for the patient satisfaction score outcome.

No significant difference was observed for sedation suc-
cess between Remimazolam and the overall analysis
(RR = 1.18 [95% C1 0.94; 1.47; p = 0.1557, | = 82.3%, 7 trials,
1168 patients, Fig. 4C). However, subgroup analysis showed
a significantly higher success rate with Remimazolam com-
pared to Midazolam (RR = 2.03 [95% CI 1.40; 2.95];
p = 0.0002, 12 = 50%, 2 trials, 466 patients, Fig. 4C), but no
significant difference with Propofol or Dexmedetomidine.
The certainty of evidence was deemed low for sedation suc-
cess outcome.

Overall, there was no difference in induction time (MD = -
0.77 minutes [95% CI -1.83; 0.29]; p = 0.156, I = 99.2%, 6 trials,
929 patients, Fig. 5A), although our subgroup analysis demon-
strated Remimazolam had a significant shorter induction time
compared to Midazolam (MD = -0.69 minutes [95% CI -1.37;
-0.01]; p = 0.047, 12 = 81.5%, 2 trials, 194 patients, Fig. 5A) and
Dexmedetomidine (MD = -2.21 minutes [95% Cl -2.41; -2.00]; p
< 0.001, 12 = 0%, 2 trials, 483 patients, Fig. 5A). The compari-
son with Propofol demonstrated a longer induction time
(MD = 0.61 minutes [95% CI 0.23; 0.99] p = 0.002, I = 90.9%, 2
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(Continued)

Table 1

Deep

Sedation success, respi-

Fibreoptic bronchoscopy N/A

0.15 ug.kg ' sufentanil
over 30 seconds

Initial dose: 2000 g.kg™

of propofol
Maintenance:

Initial dose: 200 jig.kg™"

group: 60.2 +10.0  Maintenance:

30/30 69.95 +£4.22 Remimazolam

March2023to |-l
April 2024

China

Chai, 2025

ratory depression, time

to complete recovery of
consciousness, patient
satisfaction, hypoten-
sion, bradycardia

16.7 ug.kg”'.min™

Propofol group:
61.8 +8.9

66.7 g kg .min’
of propofol.

Deep

Sedation success, time

N/A

Flexible fibreoptic
bronchoscopy

10 ug.kg " of alfentanil

over 30 seconds

Initial dose: 1500 g.kg™!

of propofol

Initial dose: 200 j.g.kg™"

Additional dose:
50 ug.kg™”

Remimazolam

71.4+3.83

April2024to  I1I-lll 33/33

June 2024.

China

Luo, 2025

to complete recovery of

group: 68.6 + 6.8
Propofol group:
67.9+7.8

consciousness, hypoxia,

hypotension,

Additional dose:

500 11g.kg™" of propofol

bradycardia

Time to complete recov- Deep

ery of consciousness,
patient satisfaction,

N/A

Flexible fibreoptic
bronchoscopy

0.1 pug.kg™!.min™ of

Initial dose: 0.4—0.8 11g.

Initial dose:

59.8+9 Remimazolam

-1 182/182

April 2021 to
September

2022.

China

Zhou, 2024

remifentanil and ideally

shouldn’t be

kg! of dexmedetomidine

100-200 .g.kg™

group: 61.7 = 11.9

Maintenance dose: 0.0067

Maintenance dose: to

Dexmedetomidine

intraprocedural opioid

> 0.2 ug.kg".min’!

—0.0333 pug.kg '.min " of
dexmedetomidine

1.7-8.3 pug.kg".min’!

group: 60.3 = 11.1

consumption, induction

time, hypoxia, hypoten-
sion, bradycardia

trials, 252 patients, Fig. 5A). The certainty of evidence was
deemed low for induction time outcome.

No significant difference was observed between the Remi-
mazolam and the pooled comparator group in the time to
complete recovery of consciousness (MD = -0.67 minutes [95%
Cl-2.38; 1.04], p = 0.440, 1> = 98.8%, 10 trials, 1789 patients,
Fig. 5B). However, we noted a significant faster recovery with
Remimazolam compared to Midazolam (MD = -4.49 minutes
[95% CI -7.06; -1.92], p < 0.001, 1> = 40.9%, 2 trials, 472
patients, Fig. 5B) and Dexmedetomidine (MD = -1.79 minutes
[95% CI -2.66; -0.92], p < 0.001, 1> = 90.7%, 3 trials, 629
patients, Fig. 5B). In contrast, no difference was found with
Propofol for this outcome (MD = 1.32 minutes [95% CI -0.53;
3.17] p = 0.161, I = 97.2%, 5 trials, 688 patients, Fig. 5B).
The certainty of evidence was deemed low for the time to
complete recovery of consciousness outcome.

Furthermore, Remimazolam’s incidence of hypoxia was
statistically lower when compared with the overall sedatives
(RR =0.60 [95% C10.39; 0.93]; p = 0.0227, I? = 64.7%, 9 trials,
1631 patients, Fig. 5C). When compared specifically with
dexmedetomidine, Remimazolam also presented a signifi-
cant reduction in hypoxia events (RR = 0.49 [95% CI 0.28;
0.88]; p = 0.0162, 1% = 60.3%, 3 trials, 629 patients, Fig. 5C).
No significant difference was found in the comparison of
Remimazolam and Midazolam or Propofol. The certainty of
evidence was deemed low for the hypoxia outcome.

Sensitivity analysis

The robustness of the finding regarding hypotension was fur-
ther evaluated through a leave-one-out sensitivity analysis
and a Baujat plot. The pooled RRs ranged from 0.54 to 0.67
(95% ClI 0.35 to 1.09). However, statistical significance was
not maintained in most analyses, with a loss of significance
observed upon exclusion of Zhou et al. (2024), Gao et al.
(2023), Zhang et al. (2023), Zhou et al. (2022), Chai et al.
(2025), and Luo et al. (2025). Heterogeneity remained rela-
tively stable across exclusions, ranging from 64.8% to 76.4.
(Supplemental Fig. 1A) The Baujat analysis revealed Zhou et
al. (2024) and Pastis et al. (2019) as the studies with the
largest contribution to both heterogeneity and influence on
overall result (Supplemental Fig. 2A).

The bradycardia overall pooled analysis demonstrated
consistent results across the leave-one-out sensitivity analy-
sis, with RR ranging from 0.33 to 0.54 (95% Cls between 0.16
and 0.95). Notably, the exclusion of Zhou et al. (2024)
resulted in a substantial reduction in heterogeneity
(12 = 0%). However, the omission of any single study did not
alter the direction or significance of the pooled effect, rein-
forcing the robustness of the findings (Supplemental Fig.
1B). The Baujat analysis reinforced Zhou et al. (2024) as the
study with the highest contribution to both heterogeneity
and influence on the overall result (Supplemental Fig. 2B).

Intraprocedural opioid consumption heterogeneity was
not statistically influenced by any single study, with MD rang-
ing from -0.81 to -0.35 milligrams of intravenous morphine
(95% Cls between -1.64 and 0.39). Statistical significance
favoring Remimazolam was observed only when Zhou et al.
(2022) was excluded (MD = -0.81, [95% CI -1.52; -0.10],
12 = 92.3%). Overall heterogeneity remained high throughout
the analysis (1> = 78.3% to 96.0%), indicating that no
single study disproportionately influenced between-study
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Risk of bias domains
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Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

- Some concerns

. Low

D5: Bias in selection of the reported result.

Figure 2

variability (Supplemental Fig. 1C). However, the Baujat plot
revealed Zhang et al. (2023) as the study with the largest
contribution to both heterogeneity and influence on the
overall result (Supplemental Fig. 2C).

The respiratory depression overall pooled analysis had
low heterogeneity (1% = 0%), with individual studies’ RR rang-
ing from 0.38 to 0.56 (95% Cls between 0.24 and 1.02).
Leave-one-out showed that omitting Zhang et al. (2023) led
to the loss of statistical significance (RR = 0.56 [95% CI 0.31;
1.02], I? = 0%), indicating its substantial contribution to the
observed effect. In contrast, removing Pastis et al. (2019)
slightly increased heterogeneity (I* = 2.5%), but did not
affect statistical significance (Supplemental Fig. 1D). As the
heterogeneity for this outcome was considerately low, a
Baujat plot was not generated in accordance with our prede-
fined methodological strategy.

Patient satisfaction score leave-one-out analysis revealed
that removing Zhang et al. (2023) reduced heterogeneity
substantially from 46.7% to 0% and led to statistical signifi-
cance favoring Remimazolam (SMD = 0.22 [95% Cl 0.09;
0.36], 12 = 0%). Overall SMD ranged from 0.11 to 0.22 (95%
Cls between -0.09 and 0.37) (Supplemental Fig. 1E). Since
the heterogeneity for this outcome was below 50 percent, a
Baujat plot was not assessed, consistent with our predefined
methodological strategy.

Hypoxia had a RR range from 0.52 to 0.70 (95% Cls
between 0.34 and 1.07). Loss of statistical significance
occurred when excluding Zhou et al. (2024), Luo et al.
(2025), or Gao et al. (2023), indicating these studies contrib-
uted meaningfully to the overall significance. Heterogeneity
remained relatively stable across exclusions, with > values
ranging from 40.0% to 68.9% (Supplemental Fig. 1F). The
Baujat plot revealed Zhou et al. (2024) as the study with the

Risk of bias assessment with Cochrane’s risk of bias tool for randomized trials.

largest contribution to both heterogeneity and influence on
the overall result (Supplemental Fig. 2D).

For induction time, high heterogeneity persisted regard-
less of which studies were excluded. Notably, exclusion of
Gao et al. (2023) resulted in a statistically significant reduc-
tion in induction time favoring the Remimazolam group
(MD = -1.09 [95% CI -2.14; -0.03] I*> = 98.8%) (Supplemental
Fig. 1G). The Baujat plot revealed Gao et al. (2023) as the
study exerting the greatest influence on the pooled effect,
whereas Zhou et al. (2024) accounted for the largest contri-
bution to heterogeneity (Supplemental Fig. 2E).

Leave-one-out sensitivity analysis for sedation success
revealed no significant changes in either heterogeneity or
effect estimates, with RR range from 1 to 1.22 (95% Cls
between 0.90 and 1.60) (Supplemental Fig. 1H). The Baujat
plot revealed Zhou et al. (2022) as the study exerting the
greatest influence on the pooled effect, whereas Pastis et
al. (2019) accounted for the largest contribution to hetero-
geneity (Supplemental Fig. 2F).

For time to complete recovery of consciousness, high het-
erogeneity persisted regardless of which studies were
excluded, with no impact on the direction or significance of
the combined effect, with MD range from -1.18 to -0.21 (95%
Cls between -2.77 and 1.40) (Supplemental Fig. 11). The Bau-
jat plot revealed Zhou et al. (2022) as the study with the
largest contribution to both heterogeneity and influence on
the overall result (Supplemental Fig. 2G).

Funnel plot analysis and Egger’s test were performed for the
outcomes of hypotension and time to complete recovery of con-
sciousness, as both included at least 10 studies. The funnel plots
demonstrated symmetrical distributions around the pooled
effect estimates, and Egger’s test did not indicate evidence of
publication bias for either outcome (Supplemental Fig. 3).
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Remimazolam Control Risk Ratio
Studies Events Total Events Total RR IC 95% Weight IV, Random, 95% CI
Dexmedetomidine
Zhou, 2024 52 182 131 181 0.39 [0.31; 0.51] 15.5%
Chen, 2022 9 73 8 73112 [0.46; 2.75] 9.7%
Xu, 2024 13 60 6 60217 [0.88; 532] 9.7%
Total (95% CI) 74 315 145 314 0.91 [0.33; 2.54] 34.9%

Heterogeneity: Tau? = 0.6831; Chi? = 16.68, df = 2 (P = 0.0002); I’ = 88%
Test for overall effect: Z = -0.17 (P = 0.8623)

Propofol
Zhang, 2023 1 % 8 96012 [0.02; 098] 3.5%
Chai, 2025 2 30 10 30020 [0.05 0.84] 5.9%
Luo, 2025 3 33 10 33030 [0.09; 0.99] 7.4%
Zhou, 2022 22 155 49 155045 [0.29; 0.70] 13.9%
Gao, 2023 11 30 22 30050 [0.30; 0.84] 13.3%

Total (95% ClI) 39 344 99 344 0.42 [0.31; 0.58] 44.1%
Heterogeneity: Tau’ = 0; Chi’ = 3.18, df = 4 (P = 0.5277); ¥ = 0%

Test for overall effect: Z = -5.34 (P < 0.0001)

Midazolam

Pastis, 2019 127 303 34 69085 [0.65 1.12] 15.4%
Kim, 2023 1 49 1 51104 [007;16.18] 2.2%
Wu, 2024 5 46 1 48 5.22 [0.63;42.97] 3.4%
Total (95% CI) 133 398 36 168 1.22 [0.43; 3.48] 21.0%

Heterogeneity: Tau” = 0.3940; Chi’ = 2.81, df = 2 (P = 0.2453); I = 28.8%
Test for overall effect: Z = 0.37 (P = 0.7116)

10 ’ﬁ, °¢w+” .
]

Total (95% CI) 246 1057 280 826 0.61 [0.40; 0.95] 100.0%
Heterogeneity: Tau’ = 0.3047; Chi” = 38.39, df = 10 (P < 0.0001); I” = 74.0%

Test for overall effect: Z = -2.18 (P = 0.0289) 0.1
Test for subgroup differences: Chi? = 5.13, df = 2 (P = 0.0769)

051 2 10
Favors Remimazolam Favors Control

Remimazolam Control Risk Ratio

Studies Events Total Events Total RR  IC 95% Weight 1V, Random, 95% CI

Dexmedetomidine

Zhou, 2024 1 182 82 181 0.13 [0.07;0.24] 23.5% e

Xu, 2024 5 60 13 60 0.38 [0.15;1.01] 18.1% —&

Chen, 2022 3 73 2 73150 [026:871] 9.8% o

Total (95% CI) 19 315 97 314 0.35 [0.10; 1.24] 51.5% S~

Heterogeneity: Tau® = 0.9503; Chi’ = 8.53, df = 2 (P = 0.0140); I = 76.6%

Test for overall effect: Z = ~1.63 (P = 0.1039)

Propofol

Zhang, 2023 0 9 2 96020 [001;4.11] 4.3% ———&—y—

Luo, 2025 1033 3 33033 [004:304] 79% ——&——

Gao, 2023 2 30 5 30 0.40 [0.08;1.90] 11.4% —

Chai, 2025 2 30 4 30 0.50 [0.10;:2.53] 10.9% om

Total (95% CI) 5 189 14 189 0.39 [0.15;1.01] 33.7% -

Heterogeneity: Tau® = 0; Chi® = 0.3, df = 3 (P = 0.9604); I = 0%

Test for overall effect: Z = -1.94 (P = 0.0523)

Midazolam

Pastis, 2019 13303 3 69 0.99 [0.29;3.37] 14.8% ——

Kim, 2023 0 49 0o 51 0.0%

Total (95% CI) 37 856 114 623 0.39 [0.20; 0.77] 100.0% <
A B |

Heterogeneity: Tau’ = 0.4190; Chi® = 14.69, df = 7 (P = 0.0403); I* = 52.3%
Test for overall effect: Z = -2.70 (P = 0.0069) 0.01
Test for subgroup differences: Chi? = 1.75, df = 2 (P = 0.4168)

0.1 1 10 100
Favors Remimazolam Favors Control

Mean Difference
Studies mean SD Total mean SD Total Weight MD 95% Cl 1V, Random, 95% CI
Propofol
Zhang, 2023  7.33 0.86 96 851 0.18 96 21.2% -1.18 [-1.36; ~1.00] B
Zhou, 2022 364 1.64 155 324 1.16 155 20.6% 040 [0.08: 0.72] =
Total (95% Cl) 41.8% -0.40 [-1.94; 1.15] —
Heterogeneity: Tau” = 1.2312; Chi’ = 73.26, df = 1 (P < 0.0001); I” = 98.6%
Test for overall effect: Z = ~0.50 (P = 0.616)
Midazolam
Paslis, 2019 8.20 5.40 303 10.70 6.10 69 10.7% -2.50 [-4.06; -0.94] ——&——
Wu, 2024 1078 216 46 11.01 1.85 48 16.9% -0.23 [-1.04: 0.58] —8—
Total (95% CI) 27.6% -1.26 [-3.48; 0.95] — ——EE—
Heterogeneity: Tau? = 2.1723; Chi’ = 6.38, df = 1 (P = 0.0116); I’ = 84.3%
Test for overall effect: Z = ~1.12 (P = 0.264)
Dexmedetomidine
Xu, 2024 662 063 60 6.760.74 60 20.9% -0.14 [-0.39; 0.10] (=
Zhou, 2024  19.84 9.00 182 20.65 7.66 181 9.7% -0.81 [-2.53: 0.91) —B
Total (95% CI) 30.6% -0.16 [-0.40; 0.09] -
Heterogeneity: Tau? = 0; Chi® = 0.57, df = 1 (P = 0.4500); I? = 0%
Test for overall effect: Z = ~1.26 (P = 0.206)
Total (95% CI) 100.0% -0.58 [-1.31; 0.14] -
Heterogeneity: Tau® = 0.6361; Chi’ = 100.03, df = 5 (P < 0.0001); I’ = 95.0%
Test for overal effect: Z = ~1.58 (P = 0.114) -4 -2 0 2 4

Test for subgroup differences: Chi? = 1.03, df = 2 (P = 0.5983) Favors Remimazolam Favors Control

Figure 3

(A) The incidence of hypotension was significantly reduced in the Remimazolam group compared to Propofol and in the

overall analysis. (B) The Remimazolam group showed a significant reduction in bradycardia in the overall analysis. (C) Intraprocedural
opioid consumption, in milligrams of intravenous morphine, did not present a statistical difference between Remimazolam and stud-

ied groups.

Certainty of evidence

According to the GRADE approach, the initial certainty of the
evidence was considered high, as all included studies were

randomized controlled trials. The certainty was subsequently
downgraded based on the assessment of risk of bias, inconsis-
tency, imprecision, and potential publication bias. Respira-
tory depression incidence, and patient’s satisfaction score
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Figure 4

Remimazolam Control

Risk Ratio

Studies Events Total Events Total RR IC 95% Weight IV, Random, 95% CI
Dexmedetomidine

Chen, 2022 2 13 2 73100 [0.14,6.91] 4.9%

Propofol

Chai, 2025 3 30 10 30 0.30 [0.09;0.98] 12.7% ———&——

Zhang, 2023 13 9% 38 96 0.34 [0.19;0.60] 50.0% ——

Zhou, 2022 8 155 11 155 0.73 [0.30; 1.76] 22.2% —8—

Total (95% CI) 24 281 59 281 0.41 [0.25; 0.68] 84.9% -

Heterogeneity: Tau” = 0.0344; Chi” = 2.28, df = 2 (P = 0.3199); I* = 12.3%

Test for overall effect: Z = -3.46 (P = 0.0005)

Midazolam

Pastis, 2019 7 303 3 69 053 [0.14;2.00] 102% ——&—+——

Total (95% Cl) 33 657 64 423 0.44 [0.29; 0.67] 100.0% -

Heterogeneity: Tau® = 0.0140; Chi® = 3.18, df = 4 (P = 0.5286); I* = 0.0% I T ' '
Test for overall effect: Z = -3.75 (P = 0.0002) 0.1 05 1 2 10

Test for subgroup differences: Chi® = 0.83, df = 2 (P = 0.6599)

Favors Remimazolam Favors Control

Std. Mean Difference

Studies mean SD Total mean SD Total Weight MD 95% CI IV, Random, 95% CI
Dexmedetomidine

Chen, 2022 882 0.71 73 866 063 73 155% 0.24 [-0.09;0.56] -—8—
Xu, 2024 465076 60 4.35076 60 13.9% 0.38 [0.02;0.75] —a—
Zhou, 2024 992 0.48 182 9.83 0.55 181 22.3% 0.17 [-0.03;0.38]

Total (95% CI) 51.7% 0.23 [0.07;0.39] -
Heterogenetty: Tau® = 0; Chi® = 0.98, df = 2 (P = 0.6120); I” = 0%

Test for overall effect: Z = 2.85 (P = 0.004)

Propofol

Chai, 2025 940 080 30 9.20090 30 9.0% 0.23 [-0.28;0.74] —_—
Gao, 2023 897 096 30 9.13086 30 9.0% -0.17 [-0.68;0.33] —_—r
Zhang, 2023 944 065 96 9.58 069 96 17.7% -0.21 [-0.49;0.08] —8—+

Total (95% CI) 35.8% -0.11 [-0.35; 0.13] e
Heterogenetty: Tau® = 0.0045; Chi’ = 2.26, df = 2 (P = 0.3238); I’ = 11.3%

Test for overall effect: Z = -0.90 (P = 0.369)

Midazolam

Kim, 2023 8.58 3.06 49 7.00 458 51 12.5% 0.40 [0.01;0.80] —8—
Total (95% CI) 100.0% 0.15 [-0.03; 0.33] Rt
Heterogenetty: Tau? = 0.0272; Chi? = 11.26, df = 6 (P = 0.0807); I = 46.7%

Test for overall effect: Z = 1.60 (P = 0.109) -0.5 0 0.5

Test for subgroup differences: Chi® = 7.04,df = 2 (P = 0.0296)

Favors Control Favors Remimazolam

Remimazolam Control Risk Ratio
Studies Events Total Events Total RR IC 95% Weight IV, Random, 95% CI
Dexmedetomidine
Chen, 2022 69 73 67 73 1.03 [0.94;1.12] 15.5%
Xu, 2024 55 60 52 60 1.06 [0.93;1.20] 15.1%
Total (95% Cl) 124 133 119 133 1.04 [0.97; 1.12] 30.6%
Heterogeneity: Tau? = 0; Chi? = 0.12, df = 1 (P = 0.7327); I* = 0%
Test for overall effect: Z = 1.04 (P = 0.2981)
Propofol
Chai, 2025 29 30 30 30 0.97 [0.91;1.03] 15.7%
Zhou, 2022 154 155 154 155 1.00 [0.98; 1.02] 15.9%
Luo, 2025 33 33 33 33 1.00 [0.94;1.06] 15.7%
Total (95% Cl) 216 218 217 218 1.00 [0.98; 1.01] 47.2%
Heterogeneity: Tau® = 0; Chi” = 0.94, df = 2 (P = 0.6265); I> = 0%
Test for overall effect: Z = -0.25 (P = 0.7995)
Midazolam
Wu, 2024 30 46 19 48 1.65 [1.10; 2.48] 10.4% R
Pastis, 2019 244 303 23 69 242 [1.72;3.39] 11.7% —8—
Total (95% Cl) 274 349 42 117 2.03 [1.40; 2.95] 22.1% =
Heterogeneity: Tau? = 0.0367; Chi? = 2, df = 1 (P = 0.1571); I¥ = 50%
Test for overall effect: Z = 3.72 (P = 0.0002)
Total (95% Cl) 614 700 378 468 1.18 [0.94; 1.47] 100.0% -
Heterogeneity: Tau® = 0.0830; Chi® = 33.96, df = 6 (P < 0.0001); I* = 82.3% I 1
Test for overall effect: Z = 1.42 (P = 0.1557) 0.5 1 2

Test for subgroup differences: Chi? = 14.95, df = 2 (P = 0.0006)

Favors Control Favors Remimazolam

(A) Respiratory depression was statistically decreased in the Remimazolam group compared to the overall analysis and

compared to Propofol. (B) The Remimazolam group demonstrated a significantly higher patient satisfaction score, in comparison to
Dexmedetomidine. (C) The Remimazolam group presented a statistically higher success of sedation compared to Midazolam.

were judged to have moderate certainty, whereas hypoten-

sion, bradycardia, intraprocedural opioid consumption, suc-

cess of sedation, induction time, time to complete recovery
of consciousness, and hypoxia were classified as low certainty.
A detailed GRADE assessment and summary of findings are

presented in Table 2.

Discussion

In this systematic review and meta-analysis, including 1,884
patients from 11 RCTs, we found that Remimazolam was
associated with a significantly lower risk of respiratory
depression,

hypoxia, hypotension, and bradycardia
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Mean Difference

Studies mean SD Total mean SD Total Weight MD 95% CI 1V, Random, 95% CI

Dexmedetomidine

Xu, 2024 6.60 1.90 60 9.00 1.20 60 16.2% -2.40 [-2.97; -1.83]
Zhou, 2024 482 0.37 182 7.00 1.49 181

Total (95% CI)
Test for overall effect: Z = -20.71 (P < 0.001)

Midazolam

Kim, 2023 209 067 49 3.09 067 51 =]
Wu, 2024 390 1.20 46 4.201.40 48 16.3% -0.30 [-0.83; 0.23] —Hr-

33.1% -0.69 [-1.37; -0.01] o
Heterogeneity: Tau? = 0.1986; Chi? = 5.41, df = 1 (P = 0.0200); I? = 81.5%

Total (95% CI)

Test for overall effect: Z = -1.98 (P = 0.047)

Propofol

Gao, 2023 187 021 30 107028 30 16.9% 0.80 [0.67; 0.93] =]
Zhang, 2023 185056 96 1.44 077 96 16.9% 0.41 [0.22; 0.60] 5]
Total (95% CI) 33.8% 0.61 [0.23; 0.99] -

Heterogeneity: Tau? = 0.0686; Chi® = 11.04, df = 1 (P = 0.0009); I = 90.9%

Test for overall effect: Z = 3.15 (P = 0.002)

Total (95% CI)

Heterogeneity: Tau? = 1.7203; Chi’ = 654.33, df = 5 (P < 0.0001); I’ = 99.2%

Test for overall effect: Z = -1.42 (P = 0.156)

A Testlor subgroup differences: Chi = 167.69, df = 2 (P < 0.0001)

100.0% -0.77 [-1.83; 0.29] e

16.9% -2.18 [-2.40; -1.95]
33.1% -2.21 [-2.41; -2.00]
Heterogeneity: Tau? = 0; Chi® = 0.52, df = 1 (P = 0.4716); I = 0%
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Figure 5 (A) Induction time, in minutes, was significantly reduced in the Remimazolam group compared to Midazolam and Dex-
medetomidine. Remimazolam sedation presented a statistically higher induction time compared with Propofol. (B) Time to com-
plete recovery of consciousness, in minutes, was statistically faster in the Remimazolam group, in comparison to Midazolam and
Dexmedetomidine. (C) Hypoxia was significantly reduced in the Remimazolam group compared to Dexmedetomidine and in the

overall analysis.

compared to commonly used sedatives. Subgroup analyses
showed that 1) Compared to Propofol, Remimazolam
reduced the incidence of hypotension and respiratory
depression, and increased induction time; 2) Compared to
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Dexmedetomidine, it resulted in higher patient satisfaction,
faster recovery of consciousness, and induction time, as
well as a statistically lower hypoxia incidence; and 3) Com-
pared to Midazolam, it achieved higher sedation success,
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shorter induction time, and faster recovery. No significant
differences were observed between groups regarding brady-
cardia, or intravenous morphine consumption.

The reduced incidence of hypotension and bradycardia
associated with Remimazolam, compared to the general
sedative group and reduced hypotension compared to Propo-
fol, can be attributed to its selective action on GABA, recep-
tors while maintaining a negligible effect on sympathetic
tone.*®3 In contrast, Propofol induces a dose-dependent
decrease in blood pressure through the suppression of sym-
pathetic activity, resulting in vasodilation and a reduction in
peripheral vascular resistance.® Furthermore, Remimazo-
lam experiences rapid biotransformation by tissue esterases
into a pharmacologically inactive metabolite (CNS 7054) and
is characterized by a brief context-sensitive half-life, which
reinforces its swift recovery profile in contrast to Midazolam
and Dexmedetomidine.®® The reduction in respiratory
depression in the Remimazolam group compared to both the
overall, and Propofol groups can be explained by its higher
respiratory depression threshold compared to Propofol.'2

The advantageous pharmacokinetic attributes of Remi-
mazolam likely enhance patient satisfaction, promote a
quicker induction, and facilitate a more rapid recovery
when compared with Dexmedetomidine, alongside superior
sedation outcomes and reduced induction and recovery
times when contrasted with Midazolam. Overall, the differ-
ences in pharmacodynamics and pharmacokinetics provide
insight into the enhanced safety and efficacy of Remimazo-
lam, as indicated in this meta-analysis, especially in clinical
contexts where cardiorespiratory stability and procedural
efficiency are critical.

Our meta-analysis provides a more comprehensive and
robust evaluation of Remimazolam compared to the work by
Zhou et al. Our broad search strategy identified 3,696 initial
reports, contrasting their 40 initial reports, allowing us to
include more than double the number of trials: 11 RCTs com-
prising 1,884 patients, compared to their 5 RCTs with 1,080
patients. Methodologically, our analysis incorporated a
leave-one-out sensitivity analysis and Baujat plots to test
the stability of our findings, a step not reported by Zhou et
al. Furthermore, we assessed a wider array of clinically rele-
vant outcomes, including induction time, recovery time,
and patient satisfaction, which were not addressed in their
study. While our findings were largely concordant, with both
analyses concluding that Remimazolam is associated with a
reduced incidence of hypotension and respiratory depres-
sion, as well as a higher success rate than Midazolam, our
more powerful analysis also detected a significant reduction
in bradycardia, a finding not observed by Zhou et al. Notably,
while their analysis suggested a reduction in hypoxia com-
pared to Propofol, our larger analysis did not find this effect
to be statistically significant, indicating that our conclusion
is likely the more reliable estimate.?”

Our findings indicate that Remimazolam may serve as an
effective, reliable, and safe sedative for flexible bronchos-
copy, providing a clearer understanding of the potential
trade-offs associated with selecting a sedative. For
instance, Propofol acts rapidly; however, it may increase the
likelihood of hypotension and respiratory complications.
Conversely, Remimazolam appears to exhibit a superior
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safety profile, evidenced by a substantial reduction in seri-
ous events during the procedure, including a 40% decrease
in hypotension and hypoxia, as well as a diminished inci-
dence of bradycardia. This safer profile may be particularly
beneficial for elderly individuals or those with additional
health concerns.

Compared to Midazolam, Remimazolam demonstrated
higher success of sedation, faster induction, and shorter
recovery times by approximately 4.5 minutes. In clinical
practice, where an average of ten FB procedures is per-
formed daily without transbronchial needle aspiration, each
session lasts around 19 minutes and costs USD 289.00.'4?
Our analysis reveals a total inefficiency of 5.18 minutes per
procedure, resulting from a 0.69-minute longer induction
and 4.49 minutes of delayed recovery compared to Midazo-
lam. This results in a daily cost impact of roughly USD
788.71. We suggest that Remimazolam could serve as a use-
ful alternative, enhancing patient safety and workflow effi-
ciency. Future large-scale RCTs should establish
standardized dosing protocols and evaluate performance in
vulnerable populations, such as patients with severe cardio-
pulmonary disease and morbid obesity. Pharmacoeconomic
analyses are paramount for determining whether benefits
translate into cost savings, and research on long-term cogni-
tive effects is essential for clarifying its role in procedural
sedation.

A major limitation was the high heterogeneity in some
outcomes, including hypotension and hypoxia, which our
sensitivity analysis and Baujat plot revealed was primarily
driven by two methodologically distinct trials: Pastis et al.
and Zhou et al. (2024) (Supplemental Fig. 2).3%% These
studies diverge significantly from the other nine trials in our
analysis. Pastis et al. stands out as the only study conducted
in a US population, using a bolus-only dosing strategy and
Midazolam as the comparator, with a primary endpoint of
procedural success. Conversely, Zhou et al. (2024) is unique
for its use of Dexmedetomidine as the comparator and the
ultra-short-acting opioid Remifentanil as a co-analgesic.?”
The remaining nine trials were more homogenous, essen-
tially comparing Remimazolam infusions with Propofol in
East Asian populations while using short-acting synthetic
opioids like Fentanyl or Alfentanil. This concentration of
heterogeneity within two studies with unique protocols sug-
gests that while our overall pooled estimates are valuable,
the clinical effects of Remimazolam are significantly
affected by the choice of comparator drug, dosing strategy,
patient ethnicity, and the specific opioid used.

Another significant limitation stems from the geographic
concentration of most included RCTs. Since most of them
were conducted in China, the ethnic diversity of the patients
is narrow, which raises clear questions about generalizabil-
ity. This is a notable consideration for Remimazolam, as it is
metabolized by tissue Carboxylesterases (CES). Genetic var-
iations in these enzymes are common within the Chinese
population, and these polymorphisms can significantly affect
how a person responds to a drug, affecting both its efficacy
and potential for toxicity.“>** Because these genetic profiles
differ across the globe, the specific safety and effectiveness
we observed might not be the same for patients in North
America or Europe.* Therefore, validating our findings in
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trials with more diverse, multi-ethnic populations is a neces-
sary next step to truly understand Remimazolam’s global
clinical value. Furthermore, in two of the studies included in
this analysis, flumazenil was routinely administered at the
end of the procedure to reverse sedation.?*2% This practice
was standard protocol rather than a response to adverse
events and could potentially have influenced outcomes such
as recovery time and patient satisfaction. However, includ-
ing these studies did not increase heterogeneity or change
the overall significance of the pooled results, including those
related to recovery time and satisfaction.

Further methodological limitations should also be acknowl-
edged. Data regarding three outcomes, time to recovery of con-
sciousness, induction time, and patient satisfaction, were
reported as median and IQR or median and range. Despite apply-
ing the validated methods proposed by Luo and Wan, this vari-
ability can lead to inaccuracies and imprecision.?®?’
Additionally, the precision of our estimates in certain subgroup
analyses was constrained by the limited number of included tri-
als. This scarcity of head-to-head comparisons, combined with
the overall clinical heterogeneity, ultimately precluded our abil-
ity to perform a meta-regression to investigate the dose-related
effects of Remimazolam.

Conclusion

Remimazolam is associated with a significantly lower risk
of hypotension, bradycardia, hypoxia, and respiratory
depression compared to pooled sedatives. Our findings
clarify the clinical trade-offs: it is demonstrably safer
than Propofol, while also offering greater sedation suc-
cess than Midazolam, higher satisfaction, lower hypoxia
incidence, shorter induction time and faster recovery
than Dexmedetomidine. It presents a reliable balance of
safety and efficacy, making it a valuable agent for FB.
Nonetheless, these conclusions should be interpreted in
light of certain methodological limitations, such as the
presence of high heterogeneity in some outcomes, the
predominance of single-country data, and the limited
number of trials for specific subgroup comparisons.
Future trials should focus on standardized dosing, vulner-
able populations, and the pharmacoeconomic impact of a
broad adoption of Remimazolam.
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Sex (as recorded) of anesthesia
providers and perioperative
outcomes: a systematic review and
meta-analysis

Dear Editor,

There has been increasing interest in whether clinician sex is
associated with patient outcomes in perioperative care. Evi-
dence from surgical fields suggests that provider-level fac-
tors, including surgeon sex, may be associated with
postoperative outcomes." In contrast, anesthesiology differs
from surgery in several structural and clinical aspects that
may limit provider-related variability in outcomes. Anesthe-
sia care is commonly delivered within supervised, team-
based models and guided by standardized monitoring and
protocol-driven practice, which may reduce individual pro-
vider-related variability in perioperative outcomes com-
pared with surgical practice.® Nevertheless, whether
anesthesia provider sex is associated with measurable differ-
ences in perioperative outcomes remains unclear.

To address this gap, we performed a systematic search of
PubMed, Embase, and Scopus from inception to November
2025. A detailed search strategy is available in Table S1. We
included studies enrolling adult (> 18 years) surgical
patients who received any type of anesthesia delivered by
female or male anesthesiologists, anesthesiology residents
or fellows, or certified registered nurse anesthetists. The
review followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.* (PROS-
PERO: CRD420251166322). We excluded studies with
overlapping populations from the same study centers or cit-
ies, retaining the study with the largest population when
overlap was identified, and studies that did not compare
anesthesia provider sex.

We selected all-cause 30-day mortality as the main out-
come because it is a clinically meaningful endpoint com-
monly reported in perioperative cohorts. Intraoperative
hypotension and postoperative renal complications were
chosen as additional outcomes because they are commonly
reported perioperative quality indicators and were available
across the included cohorts.

Effect estimates were extracted from adjusted models
and aligned to a common comparator (male vs female anes-
thesia provider). For the purpose of quantitative synthesis,

https://doi.org/10.1016/j.bjane.2026.844745

we attempted to harmonize outcome definitions across stud-
ies. Hypotension was considered present when reported as
either an episode requiring vasopressor treatment or a mean
arterial pressure < 65 mmHg. Postoperative renal complica-
tions were defined as any reported impairment in renal func-
tion, and mortality as all-cause death within 30 days after
surgery. When multiple definitions were available, the out-
come most closely matching this definition was extracted.
Detailed outcome definitions for each study were provided
in Table S2.

Adjusted effect estimates were extracted from multivari-
able models in each study. The covariate sets differed across
studies, typically including combinations of patient charac-
teristics, procedural variables, and provider-related factors.
These differences in model specification may affect the
comparability of adjusted estimates and should be consid-
ered when interpreting pooled results. Detailed adjustment
variables for each study are provided in Table S3.

Two authors (TT and BF) independently screened studies
and extracted data, while two others (VT and FM) indepen-
dently assessed risk of bias using ROBINS-I tool (Fig. S1).°
Statistical analyses were conducted using Review Manager
5.4.1 software (Nordic Cochrane Centre, The Cochrane Col-
laboration, 2014; Copenhagen, Denmark). Adjusted esti-
mates were log transformed with corresponding standard
errors and pooled as Odds Ratios (OR) with 95% Confidence
Intervals using a random-effects model (p < 0.05).

We included four studies,®®, comprising 1,632,086
patients in total, of whom 537,681 (32.9%) received care
from female anesthesia providers. Table 1 and Figure S2
present the key characteristics of the included studies and
the corresponding study selection process, respectively.
Across included studies, anesthesia provider sex was
recorded as a binary variable (female vs. male), obtained
either from administrative databases or self-reported at
credentialing or employment. Gender identity was not col-
lected in the included datasets. These differences in data
sources should be considered when interpreting sex-based
comparisons across studies.

Anesthesia provider sex was not associated with statisti-
cally significant differences in all-cause 30-day mortality
(OR = 1.04 [95% Cl 0.97—1.11]; p = 0.32, > = 84%, n =
1,624,394; Fig. 1A), intraoperative hypotension (OR = 1.02
[95% CI 1.00—1.04]; p = 0.10, I? = 52%, n = 458,683; Fig. 1B),
or postoperative renal complications (OR=1.00 [95% Cl 0.98
—1.02]; p=0.98, I = 0%, n = 101,946; Fig. 1C). Sample sizes

0104-0014/© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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Female 138.0 +

102.0
Male 144.0 4 102.0

Dermatological;
surgery; Gynecol-
ogy; Maxillofacial;
Neurosurgery; Non-
operating-room

Ear, nose and
throat; General

Cardiothoracic;

Anesthesia pro-
vider sex was self-
reported biological
sex, extracted
from institutional
provider data-
bases. Sex was
recorded as a

Anesthesiologists (physi-
cians)

36,779
Il =27,676

v
\Y

24,732
4,338
725

39,414 / 54,840

41.8% / 58.2%

Austria

(Continued)

20,775

Zeiner, 2024

Table 1
v

differed across outcomes because not all studies contributed
data to each synthesis. For all-cause 30-day mortality, Chui
et al.® was excluded due to likely population overlap with
Jerath et al.,” and the larger cohort (Jerath et al.) was
retained. The overall risk of bias was moderate (Fig. S1),
mainly due to residual confounding inherent to the observa-
tional design.

Few studies have examined provider sex in anesthesia,
and this meta-analysis did not demonstrate statistically sig-
nificant differences in all-cause 30-day mortality, intraoper-
ative hypotension, or postoperative renal complications
based on anesthesia provider sex. To our knowledge, this is
the first meta-analysis assessing whether anesthesia pro-
vider sex is associated with perioperative outcomes, a ques-
tion of increasing relevance amid ongoing scrutiny of gender
equity in perioperative care. Women remain underrepre-
sented in perioperative roles and continue to face disparities
in income, leadership opportunities, and career advance-
ment.'® Understanding whether such structural inequities
translate into differences in clinical practice or patient out-
comes carries both scientific and policy relevance.

In contrast to evidence from surgery, where a recent
meta-analysis reported lower postoperative mortality
among patients treated by female surgeons' we found no
statistically significant differences in all-cause 30-day mor-
tality, intraoperative hypotension, or postoperative renal
complications based on anesthesia provider sex. Differences
in surgical and anesthetic practice structures may partly
explain these discrepant findings. The team-based organiza-
tion of anesthesia care may attenuate individual provider
effects on outcomes, as prior evidence shows similar periop-
erative outcomes across anesthesia care team models.?

Despite the high degree of standardization of anesthetic
protocols, substantial heterogeneity was observed across
most analyses, particularly for mortality (Fig. 1A) and intra-
operative hypotension (Fig. 1B), limiting the interpretability
of a single pooled estimate and highlighting the need to
move beyond average effects. This heterogeneity should
also be interpreted considering differences in covariate
adjustment across studies. Because only four studies were
included, subgroup analyses or meta-regression were not
performed. As these outcomes are associated with multiple
patient-, procedure-, and system-level factors, a precise
pooled average may obscure clinically relevant, context-
specific variations related to case-mix, institutional practi-
ces, and residual confounding. Additionally, international
differences in the organization of anesthesia care, such as
varying levels of autonomy among trainees, could have con-
tributed to the heterogeneity observed across studies. In
contrast, no statistical heterogeneity was observed for post-
operative renal complications (Fig. 1C), which may reflect
more consistent outcome definitions and protocol-driven
kidney protection strategies; however, this finding should be
interpreted cautiously given the limited number of contrib-
uting studies.

Although the included studies classified providers by sex,
gender inequities represent broader structural and social
dynamics, which are not captured by binary sex variables.
The absence of measurable differences in clinical outcomes
does not indicate that gender inequities in anesthesiology are
inconsequential. Persistent gaps in representation, remunera-
tion, and career progression remain well documented.' Our

anesthesia; Obstet-
ric; Orthopedic;
Urology; Vascular

Robotic; Trauma;

(female vs. male),
and provider gen-
der was not col-

binary variable
lected.

ASA, American Society of Anesthesiologists; CRNA, Certified Registered Nurse Anesthetist; NA, Not Available; ND, Not Documented/unclear.
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Figure 1

Favors Male Favors Female

Forest plots of the effect of anesthesia provider sex on (A) All-cause 30-day mortality, (B) Intraoperative hypotension, and

(C) Postoperative renal complications. The plot displays odds ratios with 95% Confidence Intervals for each included study and the
pooled random-effects estimate. Cl, Confidence Interval; SE, Standard Error.

findings suggest these disparities are unlikely to reflect differ-
ences in clinical performance, highlighting the need to
address structural, cultural, and institutional factors within
the specialty.

Our analysis offers an important first step toward under-
standing the interface between provider sex dynamics and
perioperative care quality. As interest in the association
between clinician sex and patient outcomes continues to
grow, better-designed, adequately powered studies will be
essential to refine these estimates and explore potential
sex- or gender-related differences in more nuanced domains
of anesthetic care.

This meta-analysis has several limitations. First, the evi-
dence base comprised only four observational studies, limiting
the robustness of pooled estimates and increasing the risk of
publication bias. In the absence of randomized trials, residual
confounding remains likely despite adjustment for patient-,
provider-, and procedure-level variables. Second, we assessed
a binary sex variable that does not capture the complexity of
gender identity or gendered experiences, which reflect
broader structural and social dynamics and may be associated
with differences in communication, decision-making, and
team interactions. Third, substantial heterogeneity across

studies may reflect differences in healthcare systems, provider
qualifications, and perioperative workflows, limiting generaliz-
ability. Finally, variations in outcome definitions and measure-
ment methods may have contributed to between-study
variability in pooled estimates.

Our findings suggest that within highly protocol-driven
anesthesia practice, provider sex does not appear to be
associated with clinically meaningful differences in short-
term perioperative outcomes at the population level. Future
studies with more comprehensive demographic data,
broader clinical settings, and more nuanced outcomes will
be essential to clarify whether sex and gender are associated
with differences in the delivery of perioperative care.

Data availability statement
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from the corresponding author upon reasonable request.

All authors (1) Read and approved the final version, (2)
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perception and observation
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updates

Dear Editor Liana Azi,

Preoperative anxiety is a frequent and clinically relevant
emotional response, particularly among pediatric patients
and their caregivers.' Despite its high prevalence, preopera-
tive anxiety often goes unnoticed or is inadequately quanti-
fied in clinical practice. Observable behavioral signs and
subjective perceptions do not always align, leading to an
underestimation of children’s emotional distress before sur-
gery. Understanding this mismatch between what is seen
and what is felt — between observation and perception - is
crucial for improving perioperative care.

A cross-sectional study was carried out from August 2022
to October 2023 in the pediatric surgical ward of a tertiary
university hospital in Sao Paulo, Brazil. The study included
50 children aged 4—17 years undergoing elective surgery.
Anxiety was evaluated using two validated instruments: the
Modified Yale Preoperative Anxiety Scale (mYPAS),? to assess
behavioral manifestations, and the Visual Analogue Scale
(VAS),3* which captures the subjective perception of anxi-
ety reported by children aged > 7 years. Data collection was
carried out through convenience sampling by the same
researcher in the inpatient unit on the day preceding sur-
gery, in the presence of caregivers, and prior to the adminis-
tration of any anxiolytic medication.

A total of 50 patients were interviewed, of whom 32/50
(64%) were male. No eligible patient declined to participate
in the study. Among the patients, 28/50 (56%) had undergone
at least one previous surgical procedure. Over 45/50 (90%) of
patients reported no history of previous surgical or anesthetic
complications. ROC analysis was used to assess the ability of
patient-reported VAS to discriminate high anxiety defined by
mYPAS > 30. The analysis included 36 children aged > 7 years
with complete data. AUC and its 95% Confidence Interval
were calculated using the DelLong method, and the optimal
cut-off was identified using the Youden index.

Regarding preoperative anxiety assessed by the VAS in 36
patients, 8/36 (22%; 95% Cl 11%—38%) reported the maxi-
mum score (10/10), representing the extreme upper bound
of the scale. Overall, VAS scores showed a median of 5.0
(IQR 2.75-9.0), with a mean of 5.3 (SD = 3.5), indicating
moderate anxiety levels in the cohort.

https://doi.org/10.1016/j.bjane.2026.844734

According to mYPAS assessed in 50 patients, the lowest
score recorded was 23.4, observed in 12 patients, while the
highest score was 83.4, observed in 1 patient. Using the
established cut-off score of 30 to indicate anxiety, 29/50
(58%; 95% Cl 43%—72%) patients were classified as anxious.
In 36 children, patient-reported VAS showed limited discrim-
inative performance, with an AUC of 0.51 (95% CI 0.32
—0.71). The optimal cut-off identified by the Youden index
was VAS = 6, yielding a sensitivity of 47% and a specificity of
59% (Fig. 1). Given the AUC close to 0.5 and the wide confi-
dence interval, the ROC results indicate no evidence of
meaningful discrimination between VAS and mYPAS in this
small sample and should be interpreted as exploratory.

ROC: Patient VAS vs. mYPAS (cut-off = 30)

1.00 A

e

g

3
f

True Positive Rate (Sensitivity)
o
(2]
o

0.00
0.00 0.25 0.50 0.75 1.00
False Positive Rate (1 — Specificity)
AUC = 0.512 (95% Cl 0.319-0.706)
Figure 1 The discriminative validity of the patient’s self-

reported anxiety (VAS 0—10) was tested using ROC analysis
against the mYPAS cut-off (> 30). The area under the curve
(AUC = 0.512; 95% Cl 0.319—-0.706) indicated no discriminative
ability, suggesting that the self-perceived anxiety level did not
correspond to the observational anxiety classification obtained
with the mYPAS.

0104-0014/© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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The main limitations of this study include the use of conve-
nience sampling, the relatively small sample size, the hetero-
geneity of surgical procedures, and age-related limitations in
the application of the VAS. The VAS lacks clearly defined anxi-
ety cutoff points, and children’s responses may be influenced
by parental presence and individual personality traits.

In conclusion, preoperative anxiety in pediatric surgical
patients remains highly prevalent and multifaceted. In this
exploratory study, discrepancies were identified between
perceived and observed anxiety, indicating that neither
instrument alone fully captures the construct.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

IRB approval: CEP/UNIFESP n° 0348/2022.

Data availability statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author upon rea-
sonable request.

Al assistance disclosure

Al-based language model was used exclusively to assist with
language editing and clarity

Authors’ contributions

Barbara Monique Calsolari Oliveira: Data collection or
management; data analysis; manuscript writing/editing.

Daniela Cristina lkeda: Data analysis; manuscript writing/
editing.

Paulo Cesar Kock Nogueira: Data analysis; manuscript
writing/editing.

Mila Torii Corréa Leite: Protocol/project development;
data collection or management; data analysis; manuscript
writing/editing.

References

1. Wetsch WA, Pircher I, Lederer W, et al. Preoperative stress and
anxiety in day-care patients and inpatients undergoing fast-track
surgery. Br J Anaesth. 2009;103:199—-205.

2. Guaratini AA, Marcolino JA, Teixeira AB, Bernardis RC, Passarelli
ML, Mathias LA. Preoperative anxiety in children: a cross-sec-
tional study using the modified Yale scale. Rev Bras Anestesiol.
2006;56:591—-601.

3. Bringuier S, Dadure C, Raux O, Dubois A, Picot MC, Capdevila X.
The perioperative validity of the visual analog anxiety scale in
children: a discriminant and useful instrument in routine clinical
practice to optimize postoperative pain management. Anesth
Analg. 2009;109:737—44.

4. Berghmans JM, Poley MJ, van der Ende J, et al. A visual analog
scale to assess anxiety in children during anesthesia induction
(VAS-I): results supporting its validity in a sample of day care sur-
gery patients. Paediatr Anaesth. 2017;27:955—61.

2, Daniela Cristina
¢, Mila Torii Corréa

Barbara Monique Calsolari Oliveira
Ikeda (2 ®, Paulo Cesar Koch Nogueira
Leite () 9+

@ Universidade Federal de Sao Paulo, Sao Paulo, SP, Brazil
b Universidade Federal de Sao Paulo, Escola Paulista de
Medicina, Department of Anesthesiology, Sao Paulo, SP,
Brazil

¢ Universidade Federal de Sao Paulo, Escola Paulista de
Medicina, Department of Pediatrics, Sao Paulo, SP, Brazil
d Universidade Federal de Sao Paulo, Escola Paulista de
Medicina, Pediatric Surgery Division of Department of
Surgery, Sao Paulo, SP, Brazil

" Corresponding author.

E-mail: mila.torii@unifesp.br (M.T. Leite).

Received 16 December 2025; accepted 25 January 2026
Available online 2 February 2026



Brazilian Journal of Anesthesiology 2026;76(3): 844758

Brazilian Journal of

ANESTHESIOLOGY

Sociedade Brasileira
de Anestesiologia

LETTER TO THE EDITOR

Patient-centered outcomes and
interaction effects in a factorial
trial of pneumoperitoneum
pressure and neuromuscular
blockade depth

Check for
updates

Dear Editor,

We read with great interest the randomized, double-blind
factorial study by Meletti et al., recently published in Brazil-
ian Journal of Anesthesiology, examining the combined influ-
ence of pneumoperitoneum pressure and neuromuscular
blockade depth on postoperative recovery after laparo-
scopic cholecystectomy.' By deliberately placing postopera-
tive quality of recovery at the center of their analysis
through the use of the validated Quality of Recovery (QoR)-
40 questionnaire, the authors move beyond a purely techni-
cal intraoperative focus toward outcomes that are directly
meaningful to patients. This perspective is particularly rele-
vant in contemporary perioperative practice. At the same
time, several methodological and interpretative aspects
deserve closer examination, as they may influence how the
reported neutral findings should be understood.

In trials using a factorial design, interpretation relies
heavily on whether potential interactions between interven-
tions are formally evaluated. In the present study, pneumo-
peritoneum pressure and neuromuscular blockade depth are
intentionally combined within a 2 x 2 framework; however,
the results are primarily presented as group-wise compari-
sons, without explicit assessment of a pressure-neuromuscu-
lar blockade interaction. This aspect of the study design is
methodologically relevant. Several observations suggest
that the effect of neuromuscular blockade depth may vary
according to pneumoperitoneum pressure rather than acting
uniformly across conditions. Notably, deep neuromuscular
blockade under standard pneumoperitoneum pressure was
associated with improved surgical field conditions but also
with longer post-anesthesia care unit stay, higher resting
pain scores at 24 hours, and increased use of rescue antie-
metics. In the absence of formal interaction testing, it is

The authors of the original article were formally invited by the
Editorial Board to provide a response to this correspondence; how-
ever, they informed the journal that they do not wish to submit a
reply.

https://doi.org/10.1016/j.bjane.2026.844758

difficult to determine whether these findings reflect inde-
pendent effects, context-dependent interactions, or ran-
dom variation. Specifically, the published report does not
present an interaction term, a p-value for interaction, or
model-based factorial estimates assessing whether the
effect of neuromuscular blockade depth differs across pneu-
moperitoneum pressure levels. Outcomes are instead
reported as group-wise comparisons across the four study
arms. When factorial designs are used to evaluate combined
intraoperative strategies, failure to explore interaction
effects may weaken conclusions regarding the absence of
benefit. At a minimum, reporting a pressure x neuromuscu-
lar blockade interaction term with its corresponding p-inter-
action, or providing model-based estimates stratified by
pressure level, would allow readers to distinguish between
independent and context-dependent effects.

The contrast between surgeon-rated and patient-
reported outcomes is particularly striking. The improvement
in surgical field quality observed with deep neuromuscular
blockade is consistent with prior randomized trials and
meta-analyses demonstrating superior laparoscopic working
conditions under deep blockade compared with moderate
blockade.? Current European guidelines similarly endorse
the use of deep neuromuscular blockade to optimize surgical
exposure when visualization is limited.® However, the pres-
ent findings also illustrate that technical optimization does
not automatically translate into improved patient experi-
ence. Despite better intraoperative conditions, patients
receiving deep neuromuscular blockade under standard
pneumoperitoneum pressure experienced less favorable
postoperative outcomes. In procedures such as laparoscopic
cholecystectomy, where hospital stay is short and recovery
expectations are high, even modest increases in pain, nau-
sea, or recovery time may influence patient satisfaction and
the perceived value of care. These observations therefore
merit consideration rather than being readily dismissed as
clinically insignificant. These secondary outcome differen-
ces should be interpreted as hypothesis-generating, particu-
larly in the context of multiple comparisons and the absence
of adjustment for multiplicity.

Interpretation of the neutral QoR-40 results also deserves a
more nuanced approach. The study was powered to detect a
10-point difference in QoR-40 scores, whereas the most widely
accepted evidence-based estimate for the minimum clinically
important difference of this instrument remains approximately
6.3 points, derived using anchor- and distribution-based
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methods in perioperative populations.* Although this approach
was established prior to 2020, it continues to be widely used as
a benchmark for interpreting clinical relevance in QoR-40 —
based studies and has not undergone major revision in subse-
quent validation work. It should be acknowledged that esti-
mates of the minimum clinically important difference may vary
according to surgical setting, patient population, and timing of
assessment. More recent research on postoperative recovery
has increasingly focused on abbreviated instruments such as
the QoR-15, largely because of their psychometric strength and
feasibility in contemporary cohorts.> This shift in the literature
highlights a key methodological issue: powering a study to
detect an effect size substantially larger than the accepted
clinically meaningful threshold increases the likelihood of con-
cluding equivalence when smaller, yet patient-relevant, differ-
ences in global recovery may exist. From this perspective, the
absence of statistically significant differences in QoR-40 scores
should be viewed as evidence against a large early effect,
rather than as definitive proof that pneumoperitoneum pres-
sure or neuromuscular blockade depth has no meaningful influ-
ence on postoperative recovery.

In the published trial, eight of 132 randomized patients
(approximately 6%) were excluded after randomization,
with analyses conducted per protocol. While modest in
magnitude, such post-randomization loss may still influ-
ence the interpretation of patient-reported outcomes, par-
ticularly when intention-to-treat analyses are not applied.
Beyond these design considerations, the role of pharmaco-
logical reversal also warrants attention. In this trial, the
deep Neuromuscular Block (NMB) group received 4 mg-kg™
sugammadex, whereas the moderate NMB group was
reversed with neostigmine and atropine. Given the faster
and more predictable recovery profile of sugammadex, as
well as its distinct side-effect profile compared with ace-
tylcholinesterase inhibitors, differences in post-anesthesia
care unit stay and postoperative symptoms such as nausea
and resting pain may be confounded by the choice of rever-
sal agent rather than reflecting the isolated effect of neu-
romuscular blockade depth.

Overall, the trial by Meletti et al. offers important
insight into the complex relationship between pneumoperi-
toneum pressure, neuromuscular blockade depth, and early
postoperative recovery. Nevertheless, careful interpreta-
tion of its neutral results requires attention to factorial
design principles, clinically meaningful effect thresholds,
and the potential trade-offs between technical optimiza-
tion and patient-centered outcomes. Moving forward,
intraoperative management strategies must be evaluated
not just by technical success, but by their ability to harmo-
nize surgical optimization with the quality of the patient’s
early functional recovery.
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