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EDITORIAL

Airway Management: why training, judgement, and
competence remain the most important technologies

Airway management has undergone a remarkable transfor-
mation over the past two decades. Better data on safety and
efficacy of different techniques and treatment algorithms,
the expansion of video laryngoscopy, the evolution of sec-
ond-generation supraglottic airway devices (SADs), the
emergence of point-of-care ultrasound and the development
of low-cost technological innovations have substantially
increased the number of tools available to anesthesiologists.
Yet, despite these advances, the determinants of successful
airway management remain fundamentally unchanged:
knowledge, training, judgment, and experience. "2

In this issue of the Brazilian Journal of Anesthesiology,
three complementary studies provide important insights
into contemporary airway practice.> Together, they high-
light a central message for the specialty: technological inno-
vation alone is insufficient unless accompanied by
structured airway education, clinical judgment, and sus-
tained training.

The randomized trial by Mendes et al.® represents an
important step toward democratizing access to video laryn-
goscopy. The development of a reproducible, low-cost 3D-
printed videolaryngoscope addresses a critical global need.
The study was performed in adult patients scheduled for sur-
gical procedures under general anesthesia and involved
anesthesiologists. Although the device provided superior
glottic visualization compared with conventional Macintosh
laryngoscopy, improved visualization did not translate into
easier or faster intubation. Despite all limitations of the
study, it emphasizes the importance of device-specific train-
ing and airway expertise.

This apparent paradox is well recognized in airway man-
agement. Even though there is a robust set of evidence that
video laryngoscopy offers improved visualization of vocal
cords when compared with conventional direct laryngos-
copy, obtaining an excellent view of the glottis does not nec-
essarily guarantee successful tube delivery.>” Device-
specific psychomotor skills, hand-eye coordination, stylet
manipulation, and familiarity with indirect visualization
techniques remain essential competencies. Another layer of

https://doi.org/10.1016/j.bjane.2026.844781
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discussion in that matter involves the scarcity of studies
comparing 3D-printed models with commercially available
products with little evidence favoring the latter.?®

The notion that SADs have an important role not only in
anesthesia but also in emergency and resuscitation scenarios
is not new and has been around now for over three
decades.'®'" Concerning that subject, Santos Neto et al.*
conducted a national survey that reinforced the relevance
of training and skill. Although Brazilian anesthesiologists
overwhelmingly perceived supraglottic airway devices as
safe and effective, actual utilization remained modest.
Exposure during residency emerged as one of the strongest
predictors of current clinical use, while lack of operator
experience was identified as the most important barrier to
broader adoption.

The importance of comprehensive airway training is fur-
ther underscored by the retrospective cohort study by Azem
and colleagues.® Examining patients undergoing surgical
drainage of severe odontogenic infections, the authors dem-
onstrated that Awake Fiberoptic Intubation was preferen-
tially selected for anatomically complex cases characterized
by trismus and overweight patients with elevated body mass
index. Importantly, the study illustrates that successful air-
way management in high-risk patients depends not only on
access to advanced devices but also on the ability of clini-
cians to recognize predictors of difficulty, select the most
appropriate airway strategy, and execute advanced techni-
ques safely. The finding that postoperative spontaneous ven-
tilation was associated with earlier discharge further
highlights how airway management decisions can influence
the broader perioperative trajectory.

Together with the studies on video laryngoscopy and
supraglottic airway devices, the collected data emphasize
that airway excellence is built upon a hierarchy of compe-
tencies ranging from routine device use to the management
of the most challenging anticipated difficult airways.
Recently, international literature has further strengthened
this perspective. Contemporary discussions on airway educa-
tion have argued that modern airway management should be

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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viewed as a competency continuum rather than a collection
of isolated technical skills. The focus is shifting from simply
mastering devices toward developing integrated airway
expertise, including decision-making, team communication,
crisis resource management, and adaptability in rapidly
evolving clinical situations.”

Collectively, the studies presented in this issue illustrate
two sides of the same coin. Innovation is expanding access
to airway technologies, yet even widely accepted technolo-
gies remain underutilized when training opportunities are
insufficient. The challenge facing anesthesiology is there-
fore not merely technological dissemination but educational
implementation.

For Brazil and other resource-variable healthcare sys-
tems, these findings are particularly relevant. Investments
in airway education, simulation programs, residency curric-
ula, and continuing professional development may ulti-
mately have a greater impact on patient outcomes than the
acquisition of additional devices alone. The future of airway
management will undoubtedly include increasingly sophisti-
cated technologies. However, the most important innovation
may not be a new device but rather the development of
robust educational ecosystems capable of transforming
technology into clinical competence.

As the studies by Mendes et al., Santos Neto et al., and
Azem et al. demonstrate airway safety is achieved not when
clinicians have access to more devices, but when they are
trained to use the right device, at the right time, for the
right patient. In airway management, training, judgment,
and competence remain the most important technologies.
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KEYWORDS Abstract

3D Printing; Background and objectives: Video Laryngoscopy (VL) provides enhanced glottic visualization in
Additive airway management, but its high cost limits adoption. Three-Dimensional (3D) printing offers a
Manufacturing; cost-effective alternative for producing VL devices. This randomized trial compared a 3D-printed
Airway Management; Videolaryngoscope (VL3D) with the standard Macintosh Laryngoscope (MAC) during tracheal intu-
Intratracheal; bation in adults.

Intubation Methods: This was a randomized, controlled, and assessor-blinded clinical trial. The primary

outcome was intubation difficulty, assessed using the Intubation Difficulty Scale (IDS). Secondary
outcomes included glottic visualization (Cormack-Lehane grade) and Intubation Time (IT). The
final analysis followed a modified intention-to-treat principle.
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Results: This study included 52 patients scheduled to undergo general anesthesia with tra-
cheal intubation. Baseline characteristics were comparable between groups. The analysis
included 49 patients (VL3D, n = 26; MAC, n = 23). Categorical analysis of the primary out-
come showed a higher incidence of moderate-to-severe intubation difficulty in the VL3D
group (23.1% vs. 0%, p = 0.032), although median IDS scores were statistically similar. In
relation to secondary outcomes, the VL3D provided significantly superior glottic visualiza-
tion (Cormack-Lehane grade I: 72.0% in the VL3D group vs. 33.3% in the MAC group,
p = 0.002). Conversely, the VL3D was associated with a significantly longer intubation time
(median 70 seconds vs. 40 seconds, p = 0.005).

Conclusions: The VL3D demonstrated superior glottic visualization but correlated with signifi-
cantly longer intubation duration and greater procedural difficulty. These findings suggest that
additional specialized training or design optimization is necessary before widespread clinical
implementation.

© 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

Evidence from randomized trials and systematic reviews
indicates that video-assisted techniques yield better glot-
tic exposure and improved first-pass success rates than
direct laryngoscopy.' However, despite these visual ben-
efits, no statistically significant differences have been
consistently observed in terms of intubation duration or
the incidence of airway-related injuries, including trauma
to the lips, gums, teeth, or pharyngeal structures. While
videolaryngoscopes optimize management in anatomically
complex cases, their implementation is often hindered by
high procurement costs and restricted availability in low-
resource environments.

A promising alternative to conventional industrial
manufacturing is the use of Industry 4.0 technologies, par-
ticularly Computer Numerical Control (CNC) systems and
additive manufacturing (3D printing). These tools allow for
the low-cost, small-scale production of customized medical
devices. One study employed 3D printing to fabricate a
laryngoscope blade compatible with a borescope, which
served as both the light source and video feed, highlighting
the potential for low-cost, anatomically tailored blade
designs.* Another innovation combined a Universal Serial
Bus (USB) endoscopic camera with a laryngoscope, utilizing
a standard personal computer for real-time image display.>

Consistent with this approach, our research group
developed a customized, 3D-printed Videolaryngoscope
(VL3D) for adult and pediatric use. The device’s func-
tional reliability and usability were previously validated
in preclinical settings. Mechanical testing demonstrated
adequate structural integrity, while simulation-based
evaluations using airway mannequins confirmed ergo-
nomic handling and optimal glottic visualization. Further-
more, the video output was consistently rated as high-
quality by independent evaluators.®

Building upon these promising preclinical and simulation-
based findings, this randomized clinical trial was designed to
assess the performance of the VL3D device in comparison
with the conventional Macintosh laryngoscope. The primary
outcome was the level of difficulty encountered during intu-
bation (measured by the Intubation Difficulty Scale). Sec-
ondary outcomes included glottic visualization (Cormack-
Lehane grade), intubation time, procedural efficiency, and

the incidence of adverse events, including bleeding, dental
trauma, mucosal injury, and lip damage.

Material and methods

Study location

This research was conducted at the Surgical Center of the
Santa Casa de Porto Alegre (SCPA), in collaboration with the
Outpatient Preoperative Evaluation Clinic (OPEC) and the
Santa Casa Anesthesia Service (SCAS).

Ethical considerations

This study included 52 patients scheduled to undergo gen-
eral anesthesia with tracheal intubation. All procedures
were conducted in accordance with Resolution n°466/2012
of the Brazilian National Health Council and the ethical prin-
ciples of the World Medical Association’s Code of Ethics. The
study protocol was approved by the Institutional Research
Ethics Committee (CAAE: 58735522.8.0000.5335), and the
trial was registered at the Brazilian Clinical Trials Registry
(ReBEC) under number RBR-9t36r35 before the first patient
enrollment. The manuscript adheres to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines, and
written informed consent was obtained from all partici-
pants.

Trial design

This study was a randomized, controlled, and assessor-
blinded clinical trial designed to compare the VL3D device
with the Macintosh laryngoscope, which is widely regarded
as the gold standard in airway management.

The randomization sequence was generated using the
randomizeR package in R software by an independent inves-
tigator not involved in recruitment or data collection. To
ensure allocation concealment, participants were assigned
to study groups using sequentially numbered, opaque,
sealed envelopes. These envelopes were opened by the
attending anesthesiologist only after the participant had
been formally enrolled and baseline data were obtained,
thereby minimizing selection bias.
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Inclusion criteria

Eligible participants were adult patients (> 18 years),
scheduled for surgical procedures under general anesthe-
sia requiring tracheal intubation. All were classified as
ASA physical status | to IV and provided written informed
consent.

Exclusion criteria

Patients were excluded from the study if they were sched-
uled for emergency surgical procedures; undergoing upper
airway, head and neck, or orthognathic surgery; or required
planned nasotracheal intubation. Additional exclusion crite-
ria included a history of cervical spine surgery, the presence
of cervical disc injuries or fractures, or the use of a cervical
collar. Furthermore, individuals with a Body Mass Index
(BMI) > 35 kg.m™2, those diagnosed with Type 1 Diabetes
Mellitus, or patients with syndromic conditions or head and
neck trauma that could interfere with standard intubation
techniques were also ineligible.

Primary and secondary outcome measures

Primary outcome
The primary outcome of this study was the intubation diffi-
culty, quantified by the Intubation Difficulty Scale (IDS).

Secondary outcomes

Secondary outcomes included glottic visualization, as
assessed by the Cormack-Lehane (C-L) grade, Intubation
Time (IT), procedural efficiency, and the incidence of
adverse events: bleeding, dental trauma, mucosal injury,
and lip damage.

Anesthetic management

Intraoperative monitoring included electrocardiography
with leads DIl and V5, pulse oximetry, capnography, Noninva-
sive Blood Pressure (NIBP), and neuromuscular blockade
assessment using Train-of-Four (TOF) monitoring. Anesthetic
management was standardized across participants. Fentanyl
was administered at an initial bolus dose of 5 ug.kg™", with
supplemental doses provided as needed and recorded at the
end of the procedure. Propofol was used for induction at an
initial dose of 2 mg.kg™', titrated according to clinical
requirements. The administration of inhalational anesthetic
(sevoflurane) was documented as volume percent, while
oxygen consumption was measured in liters per minute over
the total period of use. Rocuronium was employed as the
neuromuscular blocking agent at a dose of 0.6 mg.kg™
(equivalent to 2x EDgs), with additional boluses of one-fifth
the induction dose administered at the anesthesiologist’s
discretion. Other adjuvant drugs used during induction and
maintenance of anesthesia were also administered based on
clinical judgment.

Airway management: Standardization of intubation
technique

All patients were positioned on a 10 cm rigid cushion to opti-
mally align the laryngeal and tracheal axes. Preoxygenation

with FiO, > 80% for > 3 minutes preceded anesthetic induc-
tion. Intubation began once TOF = 0 (adductor pollicis), with
a 15-second pause between stimuli.

Intubation time was recorded from TOF zero to tracheal
sealing by a cuff inflated. Laryngoscopy was performed with
a VL3D (model LIPECIN)® or Macintosh laryngoscope (blade
sizes 4-5), according to the randomized allocation. In the
event of intubation difficulty, the attending anesthesiologist
was permitted to switch to the alternative device, guided by
the Intubation Difficulty Scale (IDS). The internal diameter
of the endotracheal tube was chosen at the discretion of the
anesthesiologist, and intubation was performed using a stan-
dardized, single-use tube introducer.

Intubator training with the VL3D

Prior to patient enrollment, all anesthesiologists responsible
for airway management - each with 3 to 6 years of specialty
experience - underwent structured training with the VL3D
at the Institutional Simulation Center (UFCSPA). To ensure
proficiency, each participant completed a minimum of 20
supervised intubations on simulation mannequins featuring
varying airway difficulty levels.

Airway assessment and variable definitions

Airway assessment followed standardized protocols based on
validated predictors of difficult intubation. The Modified
Mallampati Test (MMT) was conducted with the patient
seated, head in a neutral position, and mouth opened to its
maximum. Scores ranged from Class | to IV, with Classes llI
and IV considered predictive of difficult intubation. Thyro-
mental Distance (TMD) was measured from the mentum to
the thyroid cartilage with the head fully extended; distances
< 6.0 cm were classified as high risk. Head and neck mobility
was evaluated by measuring the angle between the mandi-
ble and cervical spine during maximal extension. Dental pro-
trusion was classified visually as absent, moderate (0—0.5
cm), or severe (> 0.5 cm). Interincisor distance was mea-
sured with the mouth maximally opened and recorded in
centimeters.

Mandibular mobility and dental relationship were further
assessed using the Upper Lip Bite Test (ULBT), in which the
lower incisors’ ability to contact the upper lip vermilion line
was categorized as Class | (complete cover), Class Il (partial
cover), or Class Ill (unable to reach). To ensure consistency
in measurement, all evaluators underwent specific training,
and measuring instruments were calibrated. The Airway
Assessment Score (AAS) was calculated by assigning numeri-
cal values to the results of the above tests, according to pre-
defined criteria. A total score above 6 was considered
predictive of a difficult airway (Table 1).”

Intubation difficulty assessment

The Intubation Difficulty Scale (IDS) was employed during
the procedure to objectively quantify intubation difficulty.
This assessment was based on seven parameters: the number
of intubation attempts, the amount of operators involved,
the use of alternative techniques, the Cormack-Lehane (C-
L) grade, the application of increased lifting force, the use
of external laryngeal pressure, and the position of the vocal
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Table 1 Airway Assessment Score (AAS).

MMP Class | Class Il Class lll — IV

TMD (cm) >6.5 6—-6.5 <6.0

Head / Neck >90 90 <90
mobility (°)

BMI (kg.m~?%) <25 >25 -

Protruded teeth No Moderate Severe

Interincisor >5 4-5 <4
distance

ULBT Class | Class Il Class Il

MMP, Modified Mallampati classification; TMD, Thyromental Dis-
tance; BMI, Body Mass Index; ULBT, Upper Lip Bite Test. Note:
Scores above 6 points are considered predictive of difficult intu-
bation.

cords. Scores were recorded immediately after intubation
by the performing anesthesiologist. Total IDS scores were
categorized as follows: 0 = Easy, 1-5 = Mild difficulty, and
> 5 = Moderate to severe difficulty.

The Cormack-Lehane grade was documented during ini-
tial laryngoscopy without external laryngeal pressure. For
analytical purposes, grades | and Il were considered easy,
and grades lll and IV were classified as difficult. The study
analyzed correlations between C-L grade, AAS, and IDS,
with continuous and categorical analyses of IDS scores
(Table 2).2

Table 2 Intubation Difficulty Scale (IDS).

N1 — Each intubation attempt adds 1

N2 — Each additional operator adds 1

N3 — Each alternative technique adds 1

N4 — Apply Cormack-Lehane (C-L) grade for first 0-1
attempt

N5 — Increased lifting force required for intuba- 0-1
tion add 1 point

N6 — External laryngeal pressure to improve 1
c-r

N7 — Position of the vocal cords during 0-1
intubation

Notes: N3 — One point is added if any alternative technique is
required, including patient repositioning, modification of equip-
ment (e.g., blade, endotracheal tube, or the addition of a sty-
let), alteration of the intubation route (nasotracheal or
orotracheal), or the use of devices such as fiberoptic scopes or
laryngeal mask airways; N4 — A Grade | view on the first attempt
corresponds to 0, while any deviation from this grade adds 1-
point; N5 — Normal lifting force corresponds to 0. Increased
force during laryngoscopy adds 1-point; N6 — Application of
external laryngeal pressure to improve glottic visualization adds
1-point; N7 — Vocal cord position is scored as 0 for abduction and
1 for adduction. An IDS score of 0 indicates easy intubation; IDS 1
—5 indicates mild difficulty; and IDS >5 indicates moderate-to-
severe difficulty.

Biological safety and processing of devices

The VL3D devices underwent a standardized sterilization
protocol. This process included immediate pre-cleaning,
manual washing with a mild detergent and non-abrasive
materials, drying using disposable cloths and compressed
air, followed by inspection and packaging. Packaging utilized
a cellulose-free barrier suitable for hydrogen peroxide proc-
essing. Sterilization was performed using hydrogen perox-
ide. Post-sterilization, the devices were stored in a clean,
dry environment, shielded from light exposure and excessive
handling. The validated shelf life of the sterilization process
was one year. Furthermore, all units were subjected to
microbiological testing conducted by the institutional labo-
ratory.

Borescope cameras

Borescope cameras were subjected to a separate process:
they were manually washed, disinfected with 70% alcohol,
dried, and stored in sealed, labeled plastic bags under the
same handling conditions as the VL3D units. The disinfection
efficacy was considered valid for 30 days. In contrast, con-
ventional Macintosh laryngoscopes were processed and ster-
ilized in accordance with the established institutional
protocol.

VL3D production and traceability

The VL3D device is a fully reproducible, low-cost solution
(approx. $12 USD), developed based on a well-established
blade geometry, such as the C-MAC configuration. Its con-
struction utilized conventional Fused Deposition Modeling
(FDM) technology and incorporated a standard camera mod-
ule, an LED light source, and a dedicated display unit.

The design initiative is licensed under the Creative Com-
mons Attribution-Noncommercial-No Derivatives (CC BY-NC-
ND) license, permitting non-commercial redistribution under
the condition that the device is not altered or used for com-
mercial gain. The complete design was previously published
and validated by our research group.® All requisite STL files,
comprehensive assembly instructions, and the full Bill of
Materials (BOM) are publicly accessible in the supplementary
materials of the original publication, thereby ensuring high
reproducibility across intrahospital makerspaces.

A total of 16 VL3D units were produced in the institutional
prototyping laboratory. To ensure traceability and aseptic
handling, each device was labeled with a unique identifier,
stored in sealed packaging, and handled aseptically. A desig-
nated researcher, independent of the clinical phases of the
study, was responsible for sterilization, biological safety
monitoring, and reuse tracking.

Adverse event monitoring

The following adverse events were monitored and recorded
as binary outcomes: bleeding, dental trauma, mucosal
injury, and lip damage.
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Statistical analysis

Data were entered into Microsoft Excel and analyzed using
SPSS version 20.0. The final analysis followed a Modified
Intention-To-Treat (mITT) principle. Although 52 patients
were initially randomized, three patients in the MAC group
were excluded from the final analysis due to post-randomi-
zation protocol deviations (failure to meet inclusion criteria
discovered after allocation), resulting in a final sample of 49
patients (VL3D, n = 26; MAC, n = 23), as detailed in the CON-
SORT flow diagram. Categorical variables were summarized
as frequencies and percentages and compared using the Chi-
square test with Yates’ correction or Fisher’s exact test, as
appropriate. Categorical analysis of the primary outcome
(IDS) was also performed. Pairwise comparisons of propor-
tions were conducted with the z-test when applicable.

Normality of quantitative data was assessed with the Sha-
piro-Wilk test. Variables that were normally distributed
were expressed as mean =+ standard deviation and compared
using the Student’s t-test for independent samples. Non-nor-
mally distributed variables were presented as median and
interquartile range (25™-75™ percentiles) and analyzed
with the Mann-Whitney U-test.

The Intubation Time (IT) was additionally analyzed using
the Kaplan-Meier method to estimate the probability of suc-
cessful intubation over time, with groups compared via the
log-rank test. To supplement this, a Cox proportional haz-
ards regression model was applied to calculate the Hazard
Ratio (HR) and its 95% Confidence Interval, evaluating the
relative rate of intubation success between the VL3D and
Macintosh groups.

Sample size and power calculation

A minimum sample size of 46 patients (23 per group) was
initially estimated based on a conservative a priori calcu-
lation for the primary outcome (IDS). This was calculated
to detect an expected two-point difference in Intubation
Difficulty Scale (IDS) scores (an effect considered clini-
cally relevant). The calculation assumed a standard devi-
ation of approximately 2 points, a significance level («)
of 0.05, and 80% power. To compensate for potential
losses due to follow-up or protocol deviations, an addi-
tional 10% was added, resulting in a total sample of 52
patients to be enrolled. This calculation was performed
using the PSS Health online tool.’

Results

A total of 52 adult patients undergoing general anesthesia
were initially enrolled in the study. The final analysis fol-
lowed a modified intention-to-treat principle, including 49
participants: 26 in the VL3D group and 23 in the MAC group.
Following randomization, three patients from the MAC group
were excluded due to protocol deviations (failure to meet
inclusion criteria discovered after allocation). These findings
are detailed in the CONSORT flow diagram (Fig. 1). No statis-
tically significant differences were observed between the
groups in terms of sociodemographic or clinical characteris-
tics (Table 3).

Primary outcome

The primary outcome, assessed by the Intubation Difficulty
Scale (IDS), showed that median scores were statistically
similar between groups. However, categorical analysis
revealed a significantly higher incidence of moderate-to-
severe intubation difficulty (IDS > 5) in the VL3D group
(23.1%) compared to the MAC group (0%) (p = 0.032). These
results are detailed in Table 4.

Secondary outcomes

No statistically significant differences were observed
between the groups in relation to the Airway Assessment
Score (AAS), whether analyzed as a continuous variable
(p = 0.479) or dichotomized into scores below and above 6
points (p = 0.999). Regarding glottic visualization, the Cor-
mack-Lehane classification revealed a statistically signifi-
cant difference between groups (p = 0.002). A significantly
higher proportion of VL3D patients were classified as Cor-
mack-Lehane grade | (72.0%) compared to MAC patients
(33.3%) (p = 0.002). Conversely, grade lll classifications were
more frequent in the MAC group (28.6%) and entirely absent
in the VL3D group (0%) (Table 4).

Intubation time and adverse events

The Kaplan-Meier analysis demonstrated a significantly
lower probability of rapid successful intubation over time
for the VL3D group compared to the MAC group (log-rank
test, p = 0.001; Fig. 2). The estimated median time for suc-
cessful intubation was 70 seconds (95% Cl 39.1-100.8) for
the VL3D group and 40 seconds (95% Cl 36.6—43.3) for the
MAC group. Cox proportional hazards regression confirmed
these findings, indicating that the MAC group achieved suc-
cessful intubation at a significantly higher rate per unit of
time than the VL3D group. No significant differences were
found in the incidence of adverse events (bleeding, dental
trauma, or mucosal injury) between the VL3D and MAC
groups.

Discussion

In this randomized controlled trial, we investigated the per-
formance of the VL3D in comparison with the traditional
Macintosh laryngoscope for tracheal intubation in patients
undergoing general anesthesia. Our findings demonstrate
that the VL3D was associated with higher procedural diffi-
culty and longer intubation times, despite providing
improved glottic visualization. The primary outcome (IDS)
revealed a higher frequency of moderate-to-severe intuba-
tion difficulty in the VL3D group compared to the MAC group
in categorical analysis.

Videolaryngoscopes (VLs) offer several advantages over
Direct Laryngoscopes (DLs), including enhanced glottic visu-
alization, improved coordination between operator and
assistant, a shorter learning curve, ease of use for novice
practitioners, a wider field of view, reduced intubation fail-
ure rates, and minimal need for head or neck manipula-
tion."® These benefits have contributed to the growing
adoption of VLs not only in cases of anticipated difficult
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Figure 1
intubation with VL3D versus the MAC.

airway management but also as replacements for DLs in rou-
tine clinical practice.

Commercially available VLs vary considerably in blade
design. Some models retain the general shape of the Macintosh
blade, while others feature more pronounced angulation.

The VL3D used in this study featured a curved blade that
consistently provided an adequate view of the glottis.
Regarding our secondary outcomes, the VL3D consistently
provided an adequate view of the glottis. Notably, all
patients in the VL3D group were classified as Cormack-
Lehane Grade | or Il, whereas the MAC group included
patients with Grades Ill and IV classifications. This distinc-
tion is clinically relevant, as poor glottic visualization
(Grades Il or 1V) is associated with a twofold increase in air-
way-related complications, especially in non-operating
room environments. "'

It is important to recognize that patient safety during air-
way management is multifactorial. Although VLs represent a
significant advancement in airway visualization, their contri-
bution to safety is maximized only when integrated into com-
prehensive, well-structured airway management protocols.'?

Allocated to control (n = 26)

Received allocated intervention (n = 26)
Did not receive allocated intervention (n = 0)

Analyzed for primary outcome (n = 23)
Excluded from analysis (protocol deviation)
Inclusion / exclusion criteria not met (n = 3)

l

Discontinued intervention (n = 0)
Lost to follow-up for primary outcome (n = 0)

CONSORT flow diagram illustrating the enrollment allocation, follow-up, and analysis of patients randomized to receive

Although the VL3D provided enhanced glottic visualiza-
tion, it is crucial to note that this did not translate into an
easier intubation process. The implementation of Kaplan-
Meier curves and Cox regression analysis provided a robust
reinforcement of our findings regarding the intubation time.
These methods highlighted a lower probability of rapid intu-
bation success with the VL3D compared to the Macintosh
laryngoscope. This suggests that while the VL3D model offers
superior visualization, it may currently present additional
difficulties in clinical performance, particularly in emer-
gency situations or difficult airway management where time
is a critical factor. These results reinforce that the VL3D
model requires further design optimization and more exten-
sive clinical testing in real-life scenarios before it can be
recommended for time-sensitive airway interventions. This
outcome may be partially attributed to disparities in opera-
tor experience between the two devices. The anesthesiolo-
gists participating in the study had between 3 to 6 years of
experience/training in the specialty and had greater famil-
iarity with the Macintosh laryngoscope, which likely contrib-
uted to the increased challenges observed with the VL3D.
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Table 3 Comparison between different sociodemographic and clinical groups.

Gender, n (%) 26 23 0.405
Female 14 (53.8) 16 (69.6)
Male 12 (46.2) 7 (30.4)

Age, mean + SD 26 58.2 + 13.9 23 61.9 + 16.2 0.414°

Surgical complexity n (%) 26 22 0.100°
Low 4 (15.4) 2(9.1)
Medium 11 (42.3) 16 (72.7)
High 11 (42.3) 4(18.2)

Weight, mean + SD 26 73.2+15.3 23 75.3+15.3 0.641°

Height, mean + SD 26 1.65 +0.09 23 1.66 £0.10 0.689°

BMI, mean + SD 26 26.8 +4.3 23 27.4+5.2 0.662°

ASA — PS, n (%) 25 22 0.999°
I 2 (8.0) 2(9.1)

Il 17 (68.0) 14 (63.6)
1 6 (24.0) 6 (27.3)

BMI, Body Mass Index; ASA-PS, American Society of Anesthesiologist Physical Status Classification System; SD, Standard Deviation.

@ Chi-Square test with Yates correction or Fisher’s exact test.
b Student’s t-test for independent samples.

This discrepancy in prior training represents a significant
methodological limitation of the study.

It is also plausible that the VL3D prototype used in this
study may delay intubation in straightforward cases,
although performance may vary across different VL models.
Blade design may confer specific advantages depending on
clinical context, such as intubation in obese patients, antici-
pated difficult airways, emergency settings, or when per-
formed by less experienced clinicians.?

Table 4  Comparison of outcomes between groups.

AAS, mean + SD 26 5.04 +2.74
Categories AAS, n (%) 26

< 6 points 19 (73.1)

> 6 points 7 (26.9)
Cormack-Lehane grade, n (%) 25

1 18 (72.0)°

2 7 (28.0)

3 0(0)°

4 0 (0)
IT (sec), median (IQR) 26 70 (40—105)
IDS, median (IQR) 26 2 (0-5)
Categories IDS, n (%) 26
0 — Easy 10 (38.5)
0-5 - Mild difficulty 10 (38.5)
> 5 — Moderate to severe difficulty 6 (23.1)°

Study limitations and applicability

It is worth noting that randomization produced well-balanced
groups in terms of demographic and clinical characteristics.
Furthermore, no statistically significant differences were
found in the Airway Assessment Score (AAS), whether ana-
lyzed as a continuous or categorical variable, suggesting a
comparable baseline risk of difficult airway between groups.
These findings strengthen the internal validity of our results

23 4.48+2.7 0.479*
23
17 (73.9) 0.999**
6 (26.1)
21 0.002**
7 (33.3)°
6 (28.6)
6 (28.6)°
2(9.5)
23 40 (30—43) 0.005***
23 1(0-3) 0.240"
2 0.032**
8 (36.4)
14 (63.6)
0 (0%)?

AAS, Airway Assessment Score; SD, Standard Deviation; IT, Intubation Time (sec); IQR, Interquartile Range (percentiles 25—75); IDS, Intu-

bation Difficulty Scale.
" Student’s t-test for independent samples.
™ Chi-Square test with Yates correction or Fisher’s exact test.
" Mann-Whitney test.
&b Different superscript letters indicate significant.



F.F. Mendes, L.C. Immich, T.F. Gross et al.

L Group
—IMAC
~IVL3D
0,87
©
>
S
5 0,641
(7]
[
=
s
E 0,41
=
(8]

0,2

0,0

T T T
0 100 200 300
IT (sec)

Figure 2  Kaplan-Meier curves for the probability of successful

intubation over time. The Macintosh (MAC) group (blue line)
demonstrated a significantly higher probability of rapid intuba-
tion success compared to the VL3D group (green line) (log-rank
test, p = 0.001). IT, Intubation Time (sec).

and support the interpretation that increased intubation diffi-
culty in the VL3D group was not due to intrinsic patient-
related airway complexity. A significant limitation of this trial
is the exclusion of patients with predictors of difficult airway,
such as those with a Body Mass Index (BMI) greater than 35
kg.m 2. Given that videolaryngoscopes are particularly rec-
ommended for difficult airways, it is highly plausible that, in
this specific subgroup of patients (e.g., morbidly obese), the
VL3D would demonstrate superior performance compared to
the conventional Macintosh blade. Therefore, the findings
regarding procedural time and difficulty are primarily appli-
cable to patients with non-difficult airways.

Additional limitations include the lack of blinding for the
intubating clinicians, who were aware of group assignments.
Although blinding was maintained throughout other phases
of the study, the inability to blind the clinician responsible
for the intubation may have introduced bias.

Conclusion

In conclusion, the VL3D videolaryngoscope demonstrated
superior glottic visualization but was associated with
increased intubation difficulty and longer procedural times
compared to the Macintosh laryngoscope. These results
underscore the importance of structured training and sug-
gest potential for further optimization of the device before
clinical implementation. Additional studies are being con-
ducted by our research group to optimize the design and val-
idate the long-term clinical feasibility of 3D-printed
laryngoscopes.
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KEYWORDS ABSTRACT

Airway management; Background: Supraglottic Airway Devices (SADs) are essential in airway management. However,
Anesthesiology; little is known about their use, perceptions, and barriers in large, resource-variable healthcare
Continuing medical systems such as Brazil. We aimed to assess current practice patterns, training exposure, and bar-
education; riers to SADs use among Brazilian anesthesiologists and trainees.

Laryngeal masks; Methods: A nationwide, web-based survey that addressed demographics, training exposure,
Patient safety; device availability, frequency of use, perceived safety and efficacy, barriers to use, and knowl-
Surveys and edge of SADs generations. Descriptive and inferential statistics were used to analyze regional
questionnaires and experiential patterns.

Results: A total of 432 completed responses were analyzed. Most respondents were fully
trained anesthesiologists (75.5%) from all five Brazilian regions. Although SADs were widely
perceived as safe (76.9%) and capable of providing adequate ventilation (74.3%), only 35%
reported using them at least once per week, and fewer than 20% felt confident distinguish-
ing between first and second-generation devices. Binomial logistic regression revealed that
greater training exposure during residency was strongly associated with more frequent cur-
rent use (OR=7.3; 95%Cl 3.8-14.3, p < 0.001). The most common barrier was lack of opera-
tor experience (81.5%), followed by limited availability of devices (28.9%). Use varied
across regions (p < 0.001), with 82% of anesthesiologists in the South reporting weekly use
compared to only 15.4% in the North. Respondents were more likely to use SADs in limb sur-
geries, while use is limited in gastrointestinal and thoracic procedures.

* Corresponding author.
E-mail: jaymemed®@yahoo.com.br (J.M. dos Santos Neto).
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0104-0014/© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY
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Conclusions: Despite favorable perceptions of safety and efficacy, SADs remain underused in
Brazil, with marked regional variation and limited familiarity with device generations. Training
exposure emerged as a strong predictor of current use, underscoring the importance of struc-
tured education and hands-on experience. Addressing gaps in training and improving device
availability may help standardize practice and enhance the use of SADs across the country.
Institutional Research Board approval n° 7.214.701; CAAE: 84060624.6.0000.8807.

© 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

Airway management is a cornerstone of anesthetic practice
and a critical determinant of patient safety.! Over recent deca-
des, Supraglottic Airway Devices (SADs) have become estab-
lished as reliable, versatile tools in both routine and
emergency settings.? Their ease of insertion, favorable safety
profile, and applicability in both spontaneous and controlled
ventilation have made them integral to modern anesthesia
practice. Second-generation SADs are increasingly favored due
to improved oropharyngeal sealing, integrated gastric chan-
nels, and reduced risk of aspiration.?

A growing body of evidence from large observational studies
and randomized trials supports the efficacy and safety of sec-
ond-generation SADs across diverse clinical contexts, including
complex surgeries and high-risk populations.*®” For instance, a
prospective international cohort study reported a 98.6% success
rate with the i-gel Plus, with minimal complications and high
ease-of-use ratings.® Additionally, real-world studies have shown
that transitioning from first to second-generation SADs improves
airway safety in routine care.” A recent systematic review and
meta-analysis further demonstrated that, in adults undergoing
abdominopelvic surgery, second-generation SADs reduced major
airway complications and significantly improved postoperative
recovery outcomes compared to tracheal intubation.*

Despite this compelling evidence, significant variability in
SADs usage persists across countries and institutions." Dis-
parities in training, device access, and risk perception con-
tinue to shape practice patterns. Brazil, home to one of the
largest and most diverse healthcare systems globally, repre-
sents a critical yet underexplored setting in this context.

As a country of continental dimensions, Brazil exhibits
substantial regional disparities in healthcare infrastructure,
resource allocation, and anesthesiology training. While
regions such as the South and Southeast mirror high-income
systems in terms of practice and access, others, particularly
in the North, face challenges more typical of low-resource
environments.® Thus, national data from Brazil can serve as
a proxy for the broader challenges encountered in resource-
variable global contexts. Yet, little is known about how Bra-
zilian anesthesiologists currently use SADs, perceive their
safety and efficacy, or experience barriers to their adoption.

Accordingly, this study aimed to evaluate current prac-
tice patterns, perceptions of safety and efficacy, and bar-
riers to the use of supraglottic airway devices among
anesthesiologists in Brazil.

Methods

This cross-sectional study was based on an anonymous elec-
tronic questionnaire distributed to eligible participants. The

research adhered to the ethical principles outlined in the
Declaration of Helsinki and complied with Resolution 466/12
of the Brazilian National Health Council. Ethical approval
was granted by the study’s hospital Research Ethics Commit-
tee (approval #7.214.701; CAAE: 84060624.6.0000.8807).
This manuscript conforms to established reporting standards
and adheres to the Checklist for Reporting of Survey Studies
(CROSS).>

A link to the survey, accompanied by a brief cover letter
outlining the study’s objectives, was created for national dis-
tribution and subsequently deactivated after the study period.
Before accessing the questionnaire, participants viewed an
online information sheet describing the study objectives, pro-
cedures, voluntary nature of participation, right to withdraw
at any time, and contact details for the investigators. Elec-
tronic informed consent was obtained by selecting an “I agree
to participate” option. Respondents who did not provide con-
sent could not proceed to the survey.

The final version of the questionnaire comprised 26 ques-
tions across 11 sections: General Information; Experience in
Anesthesiology; Professional Practice; Experience with Supra-
glottic Devices; Use of Supraglottic Devices in Elective General
Anesthesia; Perceived Safety of Supraglottic Airway Devices;
Adequacy of Ventilation with Supraglottic Airway Devices; Bar-
riers to Supraglottic Airway Devices; Knowledge of Device
Generation; Scenarios for Use; and Continuing Education
(Appendix S1). The survey was designed to assess clinical use,
perceived safety and efficacy, confidence and training, avail-
ability, and barriers to the adoption of supraglottic airway
devices across a range of clinical scenarios. The primary out-
comes were defined and established a priori at initiation of
the study design.

Initially consisting of 33 items, the questionnaire was
refined over four iterative rounds of review by the research
team. A pretest was conducted with four anesthesiologists
to evaluate clarity and technical functionality. Responses
from the pretest phase were excluded from the final analy-
sis. After minor adjustments, the finalized version of the sur-
vey was locked and not modified thereafter.

The link was distributed twice by the Brazilian Society of
Anesthesiology (SBA) via institutional email to all registered
members and was additionally shared by the research team
through social media platforms (WhatsApp® and Instagram®)
to enhance dissemination. Eligible participants included
board-certified anesthesiologists and anesthesiology resi-
dents with a minimum of three months of specialty training.
The survey remained open from November 27, 2024, to Jan-
uary 2, 2025.

Study data were collected and managed using REDCap
electronic data capture tools hosted at the study hospital’s
university.'>'® REDCap (Research Electronic Data Capture),
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developed by Vanderbilt University (Nashville, TN, USA), is a
secure, web-based software platform designed to support
data capture for research studies, providing: 1) An intuitive
interface for validated data capture; 2) Audit trails for
tracking data manipulation and export procedures; 3) Auto-
mated export procedures for seamless data downloads to
common statistical packages; and 4) Procedures for data
integration and interoperability with external sources. The
data were downloaded as a comma-separated values (.csv)
file, and only fully completed questionnaires were included
in the analysis.

Sample size estimation was performed using the ‘samplesi-
ze4surveys’'* package in R software (R Foundation for Statis-
tical Computing, Vienna, Austria), adopting a conservative
approach. Considering the total membership of the SBA as
the population (n = 13,265), we assumed a 95% confidence
level, a 3% margin of error, and a conservative estimated
prevalence of 10% of anesthesiologists using a SAD at least
once per week. Under these assumptions, the required sam-
ple size was calculated to be 374. Anticipating a low response
rate of approximately 5% via email and social media distribu-
tion, we estimated that outreach to at least 7480 members
would be necessary. To maximize participation and enhance
representativeness, the survey was sent to all 13,265
SBA members.

Statistical analysis

All statistical analyses were performed using JAMOVI (ver-
sion 2.0, MacOS X) and R (version 4.4.2). Descriptive statis-
tics were used to summarize respondent characteristics and
survey responses, with results presented as means =+ stan-
dard deviation for continuous variables, and as absolute fre-
quencies and percentages for categorical variables. For
ordinal and non-normally distributed variables, nonparamet-
ric tests were applied, including the Kruskal-Wallis rank sum
test for regional comparisons and Spearman’s rank correla-
tion to assess the association between training exposure and
current use of SADs. A two-sided p-value of < 0.05 was con-
sidered statistically significant.

A binomial logistic regression was conducted considering
the responses of fully trained anesthesiologists only. The
independent variables of interest were frequency of use dur-
ing anesthesiology specialization, self-reported experience
with SADs, knowledge of device generation, age (45 < vs.
> 45) and professional workplace (public or private hospi-
tal). Bivariate analyses (Chi-Square or Fisher’s exact test)
were employed to determine the association between each
independent variable of interest and the outcome (use of
the device). Bivariate models with p < 0.30 and theoreti-
cally relevant variables in the context of the study were
selected for the multiple model. The model fit was checked
using deviance and AIC (Akaike Information Criterion) with
results presented as odds ratio values, 95% confidence inter-
vals, and statistical significance. For all analyses, a p-value
< 0.05 was considered.

Results

A total of 587 responses were collected through REDCap®
following survey distribution to all 13,265 members of the

Brazilian Society of Anesthesiology, resulting in an overall
response rate of approximately 4.4%. After excluding incom-
plete submissions and entries without signed consent, 432
fully completed questionnaires were included in the final
analysis, yielding a usable response rate of 3.3%. Respond-
ents who identified as students were automatically excluded
via survey logic.

Participants were predominantly fully trained anes-
thesiologists (75.5%) from all five Brazilian regions, though
the majority were based in the Northeast (53.9%). Most
respondents worked in general hospitals (91.9%) and had
substantial clinical exposure, with over 80% involved in
more than 150 general anesthesia procedures annually
(Table 1).

Most participants reported at least moderate experience
with SADs: 39.6% indicated “moderate experience”, 33.8%
“extensive experience”, and 15.5% considered themselves
experts (Table 2). Frequent clinical use was reported by
35.4% (at least once a week) and 25.0% (at least once a
month). SADs were reportedly always available in 70.6% of
workplaces and partially available in 28.9%.

Usage patterns varied substantially by region. In the
South, 82% of respondents reported using SADs at least once
per week, while in the North - where overall use was
markedly lower - only 15.4% reported weekly use and 30.8%
reported use once a year or less (Fig. 1). A statistically sig-
nificant difference across regions was observed (Kruskal-
Wallis test, x2(4) = 107.49, p < 0.001).

Figure 2 shows the association between training exposure
and current use: clinicians who used SADs regularly during
residency were more likely to report frequent use in current
practice. This was supported by Spearman correlation
(p =0.60, p < 0.001), indicating a moderate-to-strong posi-
tive relationship.

SADs were generally perceived as safe: 76.9% of respond-
ents rated them as “almost always” or “always” safe, and
74.3% considered ventilation via SADs “almost always” or
“always” adequate (Table 3). The lack of operator experi-
ence was the most commonly cited barrier, with 81.5%
agreeing it limited broader use. Only 18.3% felt fully confi-
dent distinguishing between first- and second-generation
devices.

SADs were most commonly selected for upper (85.2%) and
lower limb surgeries (84.5%), followed by ophthalmology and
thoracoabdominal wall procedures. Their use was less favored
for spinal, thoracic, and cardiac surgeries. The primary hypo-
thetical concerns limiting their use were inadequate ventila-
tion (72.5%), regurgitation (68.8%), and aspiration of gastric
contents (68.6%).

A large majority (91.5%) of respondents agreed that
greater access to training and information would likely
encourage broader implementation of SADs in anesthetic
practice.

Binomial logistic regression analysis revealed that self-
reported experience with SADs (OR = 14.8; 95% Cl 5.5-38.0,
p < 0.001), the frequency of use during anesthesiology spe-
cialization (OR = 7.3; 95% Cl 3.8-14.3, p < 0.001) and age
> 45 (OR = 2.0; 95% Cl 1.0-4.0, p = 0.035) were associated
with a greater chance of using the devices in clinical prac-
tice. Knowledge of device generation and professional work-
place (public or private hospital) were not associated with
its use (p > 0.05).



J.M. dos Santos Neto, F.J. de Barros, V.M. Lemos et al.

Table 1

Demographic and professional characteristics of survey respondents (n = 432).

Age (years) 39.6 10.9
Gender

Female 181 41.9

Male 249 57.6

Not declared 2 0.5
Level of training

Resident/Specializing in Anesthesiology 106 24.5

Anesthesiologist 326 75.5
Region of operation

North 12 2.8

Northeast 233 53.9

Midwest 25 5.8

Southeast 112 25.9

South 50 11.6
Workplace

General Hospital 398 91.9

Specialized hospital 155 35.8

Day hospital 117 27.0
Profile of the work institution

Public 253 58.4

Private 238 55.0

Mixed 138 31.9
Number of surgical procedures with general anesthesia per year

0-50 (up to 1-per week) 24 5.6

51-150 (1-3 per week) 58 13.4

> 150 (more than 3-per week) 350 81.0

SD, Standard Deviation.

Discussion

This national survey likely provides the first comprehensive
snapshot of SADs use, perceptions, and barriers among Brazil-
ian anesthesiologists. While SADs are widely recognized as
safe and effective, our findings reveal considerable variability

Table 2

in their use across regions. This variation appears to be
shaped by multiple factors, including differences in training,
clinical confidence, institutional norms, and access to equip-
ment. These patterns carry implications not only for Brazil,
but also for other middle-income countries and health sys-
tems with internal disparities.

Experience with, use and availability of Supraglottic Airway Devices (SADs).

Experience with SADs
No experience
Minimal experience
Moderate experience
Extensive experience
Expert level
Use of SADs in elective procedures
Once a year or less
Two to three times a year
Four to six times a year
Once a month or more
Once a week or more
Availability of SADs in the performance services
Never available
Partially available
Only available for emergencies
Always available

4 0.9
44 10.2
171 39.6
146 33.8
67 15.5
57 13.2
51 11.8
63 14.6
108 25.0
153 35.4
0 0
125 28.9
2 0.5
305 70.6
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Northern Region

Northeast Region

Central-West Region

Southeast Region

Southern Region

0.0 0.3
mOnce a year or less
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Figure 1

= Two to three times a year

0.5 08 1.0

Four to six times a year
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Regional variability in the frequency of Supraglottic Airway Devices (SADs) use in Brazil. This horizontal stacked bar chart

displays the distribution of reported frequency of SADs use in elective general anesthesia across Brazil’s five geographic regions. The
Y-axis lists the regions, while the X-axis shows the percentage of respondents within each region. Colored segments represent fre-
quency categories, ranging from “Once a year or less” to “Once a week or more”, as indicated in the legend. Respondents from the
South most commonly reported weekly use (82%), whereas in the North, only 15.4% reported using SADs weekly and 30.8% reported
use once a year or less, highlighting pronounced regional disparities in clinical practice.

Participants mostly viewed SADs as safe and effective for
ventilation, in line with robust international evidence support-
ing their use in both elective and emergency settings.*> 1518
Large-scale studies, randomized trials, and meta-analyses
have shown that SADs, particularly second-generation ones,
reduce perioperative complications and enhance recovery
compared to tracheal intubation.*'>'® However, real-world
usage remains limited: only one-third of respondents reported
weekly use, and fewer than one in five felt confident distin-
guishing between first- and second-generation devices.

These findings highlight a persistent gap in training and
continuing education. Accordingly, early and structured
exposure during residency was associated with current use,

Once a year or less
Two to three times a year |

Four to six times a year |-

Current use

Once a month or more

Once a week or more

0.0

20.0

= Once a year or less
= Once a month or more

reinforcing the critical role of specialist training in shaping
long-term practice. Similarly, lack of operator experience
emerged as the most frequently cited barrier, underscoring
the need to strengthen education through simulation, clini-
cal mentorship, and structured airway curricula — particu-
larly in regions where SADs remain underused.

The educational gap is especially relevant in light of
recent advances such as video-guided SADs, which aim to
improve device placement, airway seal, and anatomical
visualization.?"® While promising, the successful adoption
of such innovations depends on a foundational understand-
ing of existing SADs technologies. Our findings suggest that
even this baseline familiarity remains limited in many

40.0 60.0 80.0

= Two to three times a year = Four to six times a year

m Once a week or more

Figure 2  Association between training exposure during residency and current use of Supraglottic Airway Devices (SADs). This bar
chart illustrates the relationship between the frequency of SADs use during anesthesiology residency (represented by colored bars)
and current use in elective general anesthesia (Y-axis). Each colored segment reflects a level of training exposure during anesthesiol-
ogy specialization, ranging from “Once a year or less” to “Once a week or more”, as indicated in the legend. The X-axis shows the per-
centage of respondents in each current use category. The figure demonstrates a clear pattern: more frequent exposure to SADs during
residency is associated with greater frequency of use in current practice.
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Table 3 Perceptions, barriers, and training exposure related to Supraglottic Airway Devices (SADs) use.

Degree of safety

Not safe at all 2 0.5
Rarely safe 8 1.9
Sometimes safe 90 20.8
Usually, safe 235 54.4
Always safe 97 22.5
Adequate ventilation
Not effective at all 3 0.7
Rarely effective 7 1.6
Sometimes effective 101 23.4
Usually effective 292 67.6
Always effective 29 6.7
Supposed barriers to use
Cost Strongly disagree 56 13.0
Disagree 131 30.3
Neither agree nor disagree 83 19.2
Agree 139 32.2
Totally agree 23 5.3
Availability Strongly disagree 38 8.8
Disagree 95 22.0
Neither agree nor disagree 59 13.7
Agree 186 43.1
Totally agree 54 12.5
Experience of professionals Strongly disagree 7 1.6
Disagree 40 9.3
Neither agree nor disagree 33 7.6
Agree 255 59.0
Totally agree 97 22.5
Knowledge of the differences between 1t and 2" generation SADs
No knowledge at all 10 2.3
Basic understanding 111 25.7
Moderate understanding 123 28.5
Good understanding 109 25.2
Excellent understanding 79 18.3
Elective surgeries in which you would use a SAD
Videolaparoscopic gastrointestinal surgery 29 6.7
Videolaparoscopic urogenital surgery 94 21.7
Open gastrointestinal tract 62 14.3
Open urogenital 233 53.8
Upper limbs 369 85.2
Lower limbs 366 84.5
Head and neck 35 8.1
Thoracoabdominal wall 247 57.0
Ophthalmology 262 60.5
ENT (except oropharynx and larynx) 101 23.3
Spine 7 1.6
Cardiac 3 0.7
Thoracic 6 1.4
Caesarean section 29 6.7
| wouldn't use it in any situation 12 2.8
Potential limitations to use
Regurgitation 298 68.8
Aspiration of gastric contents 297 68.6
Failed 1st attempt 29 6.7
Insertion failure 195 45.0
Low sealing pressure 156 36.0
Inadequate ventilation 314 72.5
Sore throat 51 11.8
Hoarseness 23 5.3
Post-operative nausea and vomiting 12 2.8
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Table 3 (Continued)

Coughing on waking 7 1.6
Dysphagia 39 9.0
Tissue damage 61 14.1
Insertion time 122 28.2
No limitations 10 2.3
Access to information would increase the use of SADs
Strongly disagree 4 0.9
Disagree 7 1.6
Neither agree nor disagree 26 6.0
Agree 164 38.0
Totally agree 231 53.5

SAD, Supraglottic Airway Device.

settings, particularly those with fewer resources. To avoid
widening practice disparities, global stakeholders must pri-
oritize basic training and knowledge dissemination alongside
technological advancement.

In addition to training, limited access to SADs remains a
key constraint.?’ Nearly 30% of respondents reported only
partial availability in their workplaces. This disconnect
between perceived clinical value and real-world access high-
lights ongoing logistical and procurement barriers that must
be addressed to enable broader and more equitable use in
routine anesthesia care.

Regional differences further illustrate these challenges. In
the South - a more well-resourced region — over 80% of
respondents reported using SADs weekly. In contrast, in the
North - where healthcare infrastructure is often more limited
- only 15% reported weekly use, while nearly one-third used
them just once per year or less. These findings reflect broader
patterns of inequity and call for targeted interventions to
improve access and training in underserved regions.?%%3

Such disparities are not unique to Brazil. Given its conti-
nental scale and internal diversity, Brazil represents a micro-
cosm of global anesthetic practice - with regions resembling
high-income settings and others facing constraints more typ-
ical of low-resource environments. These findings therefore
offer transferable insights into the barriers that affect SADs
implementation in a variety of global contexts.?%-23

Our data also suggest a cautious approach to the types of
surgical procedures in which SADs are used. While upper and
lower limb surgeries were commonly cited as appropriate,
SAD use in gastrointestinal, laparoscopic, and thoracic pro-
cedures remained limited. The most frequent concerns were
inadequate ventilation, regurgitation, and aspiration -
despite strong evidence supporting the safety of second-
generation devices, even in high-risk populations.3*®7 Fur-
thermore, the perception of an “appropriate surgical dura-
tion” for the use of supraglottic airway devices may
represent a potential barrier to wider adoption. Although
this aspect was not specifically explored in this study, it is an
important dimension of clinical decision-making that may
warrant further investigation in future research. This rein-
forces the need for targeted educational efforts to update
clinical perceptions and expand the indications for SADs use.

Similar challenges have been reported internationally. In
China - a continental country with regional disparities

similar to Brazil — a national survey found wide variation in
airway management strategies for difficult airways and
emphasized training and education as priorities for stan-
dardization.?? In India, a national survey among anesthesiol-
ogists also revealed regional variability in both equipment
access and airway management practices, further under-
scoring the need to improve training and ensure equitable
availability of airway tools.?’ Notably, even in high-income
settings such as the United Kingdom, despite widespread
access to airway tools, a survey revealed considerable varia-
tion in SADs use during in-hospital cardiac arrests, reinforc-
ing the influence of institutional culture, education, and
confidence on practice.?® An international survey across 54
countries likewise reported broad inconsistencies in laryn-
geal mask airway use, with variability in perceived contrain-
dications, procedure types, and patient characteristics. The
authors called for broader dissemination of evidence-based
guidelines to harmonize practice and improve safety.?'

This study has several limitations. First, the use of conve-
nience sampling and voluntary participation through social
media channels may introduce selection bias and limit gener-
alizability. Second, the survey relied on self-reported data,
which may be subject to recall bias or social desirability
effects. Of note, while a cross-sectional survey can rapidly
provide a contemporary snapshot of practice and help
describe a complex scenario, it does not permit firm causal
inferences and is prone to biases and unmeasured confound-
ing. Third, the questionnaire was not formally validated as a
psychometric instrument. Fourth, we did not independently
verify the institutional availability of SADs. Fifth, we did not
delve into whether the perception of the device quality cor-
relates with the generation available (first versus second gen-
eration SADs) or with the frequency of use. These factors may
influence the notions and preferences reported by physicians
and could help contextualize some of the findings. Exploring
these associations in subsequent studies may provide addi-
tional insights into practice patterns. Sixth, although the col-
lected sample met the a priori estimated size and allowed for
precise analyses, the overall response rate was modest (4.4%
total, 3.3% included), raising the potential for nonresponse
bias and the possibility that respondents may differ meaning-
fully from nonrespondents. Nevertheless, these rates are
comparable to those reported in other large-scale, web-based
surveys of healthcare professionals and reflect the well-
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documented challenges of engaging clinicians through elec-
tronic platforms.2%2! Finally, although the study captured a
wide national distribution, representation from certain
regions was limited. This may affect the extent to which the
findings reflect regional practice variability. Even so, the
inclusion of over 400 fully completed questionnaires provides
valuable insight into national practice patterns and offers les-
sons that may be relevant to other settings with similar
healthcare challenges.

Conclusion

This survey reveals that although SADs are broadly recog-
nized as safe and effective, their adoption remains con-
strained by disparities in training, education, and access.
Persistent concerns about certain clinical scenarios may also
contribute to underuse. These findings emphasize the need
to expand educational opportunities, modernize training
programs, and ensure equitable access to airway devices.
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KEYWORDS Abstract

Acute kidney injury; Background: The practice of immediate extubation in the Operating Room (OR) after cardiac
Airway extubation; surgery involving cardiopulmonary bypass remains debated. Concerns persist regarding its safety
Cardiac surgery profile compared to conventional fast-track weaning in the Intensive Care Unit (ICU).
procedures; Methods: This retrospective analysis of a prospective single-center registry included 846 adult
Coronary artery patients undergoing isolated Coronary Artery Bypass Grafting (CABG) or Heart Valve Surgery
bypass; (HVS). To rigorously account for indication bias, we employed a doubly robust estimation
Mortality; approach, combining Stabilized Inverse Probability of Treatment Weighting (SIPTW) with multi-
Propensity score variable regression adjustment for residual confounding.

Results: Of the 846 patients, 115 (13.6%) were extubated in the OR and 731 (86.4%) in the ICU.
The weighted analysis successfully balanced baseline characteristics. Extubation in the OR
was associated with a significant reduction in 30-day mortality (adjusted Hazard Ratio [aHR = 0.16];
95% C10.03—0.92; p = 0.040) and acute kidney injury (adjusted Odds Ratio [aOR = 0.55]; 95% C1 0.31
—0.99; p = 0.046). Additionally, it reduced the likelihood of prolonged ICU stay (> 14 days)
(aOR =0.10; p = 0.032). Contrary to unadjusted analyses, there was no significant association with
respiratory tract infection (p=0.163), reintubation (p=0.103), or other adverse events.
Conclusion: In this single-center, robustly adjusted analysis, extubation in the OR was associated
with favorable outcomes, including lower 30-day mortality and reduced resource utilization
in highly selected patients. Previous concerns regarding increased reintubation rates were not
substantiated.
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Introduction

Advances in anesthetic, surgical and Cardiopulmonary Bypass
(CPB) techniques have significantly reduced duration of
Mechanical Ventilation (MV) and clinical complications after
cardiac surgeries. "2

Early extubation (typically defined as within 6 hours of
Intensive Care Unit [ICU] arrival) is now a well-established
quality metric that optimizes resource utilization and
promotes faster recovery.®* However, the practice of imme-
diate extubation in the Operating Room (OR) remains a sub-
ject of debate.

While OR extubation has been demonstrated to be feasi-
ble in selected low-risk populations, such as those undergo-
ing Off-Pump Coronary Artery Bypass Grafting (OPCABG) or
minimally invasive procedures,®? its safety and efficacy in a
broader spectrum of cardiac surgery patients requiring CPB
are less established. Proponents argue that avoiding ICU ven-
tilation minimizes exposure to positive pressure ventilation
and sedation, potentially reducing length of stay and
costs.” % Conversely, critics caution that immediate extuba-
tion may mask early postoperative instability, potentially
increasing the risk of respiratory failure, reintubation, and
bleeding complications.'""'? Recent observational studies
using propensity-score matching have yielded conflicting
results, with some reporting safety and others suggesting
increased hazards. '?

A critical limitation of prior studies is the potential for
indication bias, where healthier patients are preferentially
selected for OR extubation, confounding the assessment of
true clinical impact. To address this gap, we conducted a
retrospective analysis of a prospectively collected registry
using a doubly robust statistical approach.

The primary objective of this study was to evaluate
the association between OR extubation and 30-day all-
cause mortality in adult patients undergoing isolated Cor-
onary Artery Bypass Grafting (CABG) or Heart Valve Sur-
gery (HVS). Our prespecified primary hypothesis was that
extubation in the OR is a feasible approach associated
with satisfactory clinical results and reduced resource
utilization when compared to conventional ICU extuba-
tion, after rigorous adjustment for baseline risk and
operative characteristics.

Methods
Patients

This single-center study was designed as a retrospective
analysis of data from a prospectively maintained registry.
We evaluated all adult patients (> 18 years) who underwent
isolated CABG or HVS in a tertiary hospital between Septem-
ber 2018 and August 2023 (60 months). Patients who under-
went aortic surgeries, combined procedures, congenital
heart disease correction, or heart transplantation were
excluded. The study was conducted in accordance with the
Declaration of Helsinki and approved by the local research
ethics committee (CAAE: 81704424.0.0000.5415), which
waived the need for individual informed consent due to the
retrospective nature of the analysis.

Demographic and laboratory data were obtained from
electronic medical records. The risk of postoperative death
was assessed using the InsCor score, a locally validated risk
model that includes 10 variables, each one with a different
score: age > 70 years, female sex, CABG combined with
HVS, myocardial infarction < 90 days, reoperation, aortic
valve surgery, tricuspid valve surgery, baseline creatinine
level > 2 mg.dL™", left ventricular ejection fraction < 30%
and critical preoperative state.'?

The primary outcome was all-cause mortality within
30 days. Secondary outcomes included Acute Kidney Injury
(AKI), defined according to the Kidney Disease: Improving
Global Outcomes (KDIGO) criteria,' respiratory tract infec-
tion, reintubation, ICU readmission, and prolonged ICU
length of stay (> 14 days). The outcome “mechanical venti-
lation > 24 hours” was excluded from the comparative anal-
ysis to avoid structural bias relative to the intervention.

Postoperative management

Postoperative care followed a standardized institutional pro-
tocol applied uniformly to all patients, regardless of the
extubation location. For patients admitted to the ICU requir-
ing mechanical ventilation, sedation was typically main-
tained with propofol or dexmedetomidine and titrated to
achieve a light sedation target (Richmond Agitation-Seda-
tion Scale [RASS] -1 to 0) to facilitate neurological assess-
ment and weaning. Patients extubated in the OR received
supplemental oxygen and standard non-invasive monitoring.
The decision of extubation in the OR was made by consensus
of the attending anesthesiologist and surgeon based on real-
time clinical assessment, reflecting routine practice rather
than a predefined protocol. Analgesia for both groups was
managed using a multimodal approach, including intrave-
nous dipyrone and opioids as needed to maintain a Visual
Analog Scale (VAS) score < 4. A dedicated physiotherapy
team initiated respiratory rehabilitation and early mobiliza-
tion protocols on the first postoperative day, contingent on
hemodynamic stability. This standardized pathway ensured
that differences in outcomes were not attributable to varia-
tions in post-extubation nursing or physiotherapy care.

Missing data handling

The dataset was complete for all baseline covariates
included in the propensity score model and outcome varia-
bles. Specifically, there were no missing values for age, sex,
comorbidities, renal function, or operative times across the
846 patients included in the final analysis. Therefore, com-
plete-case analysis was performed without the need for
imputation methods.

Statistical analysis

Continuous variables were assessed for normality using the
Shapiro-Wilk test and visual inspection of histograms. To
ensure uniformity in data presentation, all continuous varia-
bles are reported as median (Interquartile Range, IQR) and
were compared using the Mann-Whitney U-test. Categorical
variables are presented as absolute numbers (n) and percen-
tages (%) and compared using the Chi-Square test or Fisher’s
exact test. To address potential confounding by indication
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and baseline differences between the groups (OR extubation
vs. ICU extubation), we employed a doubly robust estima-
tion approach utilizing Stabilized Inverse Probability of
Treatment Weighting (SIPTW). A propensity score for the
likelihood of being extubated in the OR was calculated using
a multivariable logistic regression model including the
following covariates: age (years), sex (reference: male),
Chronic Obstructive Pulmonary Disease (COPD), hyperten-
sion, diabetes mellitus, baseline estimated Glomerular Fil-
tration Rate (eGFR), calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) 2021 equa-
tion, ' left ventricular function (reference: Left Ventricular
Ejection Fraction [LVEF] > 50%), urgent/emergent surgery,
type of surgery (reference: CABG), on-pump status, and
duration of CPB (minutes). Stabilized weights were calcu-
lated to minimize the influence of extreme weights.
Covariate balance after weighting was assessed using
Standardized Mean Differences (SMD), with an SMD < 0.10
considered indicative of negligible imbalance (Supplemen-
tary Table S1).

Outcome analyses were performed on the weighted pop-
ulation using the Complex Samples module of IBM SPSS Sta-
tistics v.27 (IBM Corp, Armonk, NY). For the primary
outcome (30-day mortality), a weighted Cox proportional
hazards regression model was used. For secondary out-
comes, weighted binary logistic regression models were
applied. To ensure robustness against residual confounding,
particularly for age, all baseline covariates used in the
propensity score were also included as adjusters in the final
outcome models (doubly robust adjustment). Results are
presented as adjusted Hazard Ratios (aHR) or adjusted
Odds Ratios (aOR) with 95% Confidence Intervals (95% Cl).
A two-tailed p-value < 0.05 was considered statistically
significant.

Results

Study population and propensity score weighting

A total of 1,078 patients were assessed for eligibility. After
excluding 232 patients (21.5%) primarily due to multi-

procedure or aortic surgeries, the final study population
comprised 846 patients (Fig. 1). Of these, 115 (13.6%) were

Assessed for Eligibility (n = 1078)
Period: September 2018 to August 2023

| Excluded (n = 232 [21.5%])

Enrolled / Analyzed (n = 846)
Composition:

* CABG: 452 (53.4%)

* HVS: 394 (46.6%)

! l
Extubation in OR Extubation in ICU
(n=115[13.6%]) (n=1731[86.4%])

Figure 1

extubated in the OR and 731 (86.4%) in the ICU. In the origi-
nal unadjusted cohort, patients extubated in the OR were
significantly younger (median 60 vs 63 years, p = 0.020), had
a lower prevalence of hypertension (66.1% vs 74.8%,
p = 0.048), better baseline renal function (median eGFR 77
vs. 69 mL.min~'/1.73 m?, p = 0.001), and shorter duration
of CPB (median 80 vs. 89 min, p < 0.001) compared to the
ICU group (Table 1).

To account for baseline imbalances and potential indica-
tion bias, SIPTW was applied. The weighting procedure suc-
cessfully balanced the covariates between groups, reducing
the SMD to < 0.10 for critical variables, including renal func-
tion and CPB duration (Supplementary Table S1). A slight
residual imbalance remained for age, which was subse-
quently adjusted for using a doubly robust approach in the
final outcome models. The weighted sample size (n = 843)
represents the sum of stabilized weights and differs slightly
from the original sample size (n = 846) due to statistical
adjustments; no patients were excluded from the analysis.
The baseline characteristics for both the unadjusted and
weighted cohorts are presented in Table 1.

Primary outcome: 30-day mortality

The unadjusted intra-hospital mortality rate within 30 days
was 1.7% (2/115) in the OR extubation group versus 6.6%
(48/731) in the ICU extubation group (p = 0.041) (Table 2). In
an exploratory unadjusted analysis, non-survivors were sig-
nificantly older, had worse renal function, and longer CPB
times compared to survivors (Supplementary Tables S2—S6).
After applying SIPTW and adjusting for all baseline covari-
ates (doubly robust Cox regression), extubation in the OR
was associated with a significant reduction in the risk of 30-
day all-cause mortality (aHR = 0.16; 95% Cl 0.03 to 0.92;
p = 0.040) (Table 3).

Subgroup analysis

In the subgroup of patients undergoing isolated CABG
(n = 446), no deaths occurred in the OR extubation arm (0/
58, 0.0%), preventing the calculation of a specific hazard
ratio due to perfect separation of data. In the HVS subgroup
(n = 397), mortality was 3.9% (2/51) in the OR group versus

Reasons for Exclusion:

* Multi-procedure surgery: 123 (11%)
« Aortic surgery: 42 (3.9%)

« Other procedure: 30 (2.8%)

« Congenital heart defect: 29 (2.7%)

* Heart transplant: 6 (0.6%)

* Age under 18 years: 2 (0.2%)

Flow diagram of the study population selection process. Note: CABG, Coronary Artery Bypass Grafting; HVS, Heart Valve

Surgery; OR, Operating Room; ICU, Intensive Care Unit. Values are presented as number (n) and percentage (%).
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Table 2

tion location.

Unadjusted clinical complications, ICU stay, and mortality of patients undergoing cardiac surgery according to extuba-

Postoperative outcomes

Acute kidney injury (KDIGO)? 446 (52.7)
KDIGO 1 373 (44.1)
KDIGO 2 36 (4.3)
KDIGO 3 37 (4.4)
RRT up to 7 days 14 (1.7)
Reoperation for bleeding/tamponade 24 (2.8)
Acute atrial fibrillation 137 (16.2)
Respiratory infection 188 (22.2)
Tracheal reintubation up to 7 days 32 (3.8)
Deep sternal wound infection 37 (4.4)
Type 1 neurological injury 36 (4.3)
Discharge and mortality

CS-ICU readmission 48 (5.7)
CS-ICU LOS up to 30 days 4(3-6)
Long LOS (> 14 days) 48 (5.7)
30-day mortality 50 (5.9)

46 (40.0) 400 (54.7) 0.003
43 (37.4) 330 (45.1) 0.120
3(2.6) 33 (4.5) 0.460
0(0.0) 37 (5.1) 0.014
0(0.0) 14 (1.9) 0.237
1(0.9) 23 (3.1) 0.234
17 (14.8) 120 (16.4) 0.659
14 (12.2) 174 (23.8) 0.005
2(1.7) 30 (4.1) 0.296
3(2.6) 34 (4.7) 0.319
4(3.5) 32 (4.4) 0.807
4(3.5) 44 (6.0) 0.274
3(2-4) 4(3-6) <0.001
1(0.9) 47 (6.4) 0.017
2(1.7) 48 (6.6) 0.041

Footnotes: Values are presented as n (%) for categorical variables and median (IQR) for continuous variables. The p-values calculated using
Chi-Square test, Fisher’s exact test, or Mann-Whitney U-test, as appropriate. These represent unadjusted comparisons.
2 Acute Kidney Injury defined according to KDIGO (Kidney Disease: Improving Global Outcomes definition and staging) criteria.

8.4% (29/346) in the ICU group. While a formal statistical
test of interaction between extubation location and surgery
type was limited by the absence of events in the CABG-OR
arm, the direction of benefit appeared consistent across pro-
cedural types, with no mortality events observed in the
revascularization group, although the small sample size pre-
cludes definitive safety conclusions (Table S7-S8).

Secondary outcomes

Results of the doubly robust logistic regression analyses for
secondary outcomes are presented in Table 3. OR extubation

Table 3

was associated with a significant reduction in the odds of
developing AKI (KDIGO stage 1-3) (aOR = 0.55; 95% Cl 0.31 to
0.99; p = 0.046) and a significant reduction in the likelihood
of prolonged ICU stay (> 14 days) (aOR = 0.10; 95% C1 0.01 to
0.82; p=0.032).

Regarding safety outcomes, there was no statistically signifi-
cant association between OR extubation and the risk of reintu-
bation within 7 days (aOR = 0.26; 95% CI 0.05 to 1.31;
p = 0.103), postoperative atrial fibrillation (aOR = 1.11; 95% Cl
0.58 to 2.14; p = 0.758), or ICU readmission (aOR = 0.37; 95% ClI
0.11 to 1.31; p = 0.124). Unlike the unadjusted analysis,
the robust adjusted model showed no statistically significant

Independent predictors of 30-day mortality and postoperative complications: doubly robust analysis.

Primary Outcome
30-Day Mortality (aHR)
Secondary Outcomes (Renal & Utilization)
Acute Kidney Injury (aOR)
Prolonged ICU Stay > 14 days (aOR)
ICU Readmission (aOR)
Secondary Outcomes (Safety)
Respiratory Tract Infection (aOR)
Reintubation < 7 days (aOR)?
Atrial Fibrillation (aOR)

0.16 (0.03 — 0.92) 0.040
0.55 (0.31 — 0.99) 0.046
0.10 (0.01 — 0.82) 0.032
0.37 (0.11 — 1.31) 0.124
0.59 (0.28 — 1.24) 0.163
0.26 (0.05 — 1.31) 0.103
1.11 (0.58 — 2.14) 0.758

Footnotes: Values represent adjusted Hazard Ratio (aHR) for mortality (Cox Regression) and adjusted Odds Ratio (aOR) for secondary out-

comes (Logistic Regression). All models were weighted by SIPTW (Stabilized Inverse Probability of Treatment Weighting) and further

adjusted for the following covariates: Age, Sex, COPD, Hypertension, Diabetes, Baseline eGFR, Left Ventricular Function, Urgency of Sur-

gery, Type of Surgery (CABG vs. Valve), On-pump status, and CPB duration. Doubly robust estimation combines SIPTW with regression

adjustment for the same covariates, providing consistent estimates if either the propensity score or outcome model is correctly specified.
2 Due to the low number of reintubation events (n = 32), estimates should be interpreted with caution.

Cl, Confidence Interval.
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difference in the risk of respiratory tract infection (aOR = 0.59;
95% C1 0.28 to 1.24; p = 0.163), suggesting that previous unad-
justed differences were likely driven by baseline patient char-
acteristics (Table 3).

Discussion

This study evaluated the impact of OR extubation on clinical
outcomes and 30-day mortality in 846 patients undergoing
isolated CABG or HVS. Using a doubly robust analytical
approach that combined SIPTW with covariate adjustment,
our findings suggest that extubation in the OR may be associ-
ated with a significant reduction in 30-day all-cause mortal-
ity, AKI, and prolonged ICU length of stay. Conversely, after
rigorous adjustment for baseline differences, we found no
significant association between OR extubation and respira-
tory tract infection, reintubation rates, or other adverse
events, suggesting that the apparent protective effect
against infection observed in our unadjusted analysis - and
potentially in prior observational research - was likely
driven by baseline selection bias rather than the interven-
tion itself.

Our primary finding - a significant association with
reduced 30-day mortality (aHR = 0.16; 95% Cl 0.03—0.92;
p = 0.040) - is Noteworthy. Although a doubly robust adjust-
ment was employed to mitigate selection bias, the observed
magnitude of effect may partly reflect that successful OR
extubation acts as a surrogate marker for optimal intraoper-
ative physiology and surgical performance. Nevertheless,
the potential physiological benefits of avoiding prolonged
positive pressure ventilation cannot be disregarded as a con-
tributing factor to these favorable outcomes.'® Notably, in
our subgroup analysis of isolated CABG patients, no deaths
occurred in the OR extubation group (0/58). While this find-
ing points toward the feasibility of the strategy in revascu-
larization procedures, the small sample size and absence of
events preclude definitive safety conclusions. Although for-
mal statistical testing for interaction was limited by this
“zero-event” rate in the intervention arm, the direction of
benefit appeared consistent across procedure types.

A critical contribution of our study is the refutation of
recent safety concerns. A large propensity-matched analysis
by Hawkins et al.'? suggested that OR extubation was associ-
ated with increased rates of reintubation and reoperation
for bleeding. In contrast, our doubly robust analysis found
no significant association with reintubation (aOR = 0.26; 95%
Cl 0.05-1.30; p = 0.103) (Table 3). Furthermore, we
observed no signal of increased risk for adverse bleeding
events requiring reoperation (0.9% vs. 3.1%, p = 0.234)
(Table 2), differing from the findings of Hawkins et al.'? Our
findings align more closely with James et al.? and e Silva et
al.,® who reported that immediate extubation does not com-
promise safety when performed in selected patients. The
absence of increased bleeding or reintubation in our cohort
likely reflects the careful intraoperative selection criteria
(hemodynamic stability, normothermia, and hemostasis)
used by our team, supporting the feasibility of this approach
in tertiary centers.

A key finding of our doubly robust analysis is that the
protective effect against respiratory infections observed in
the unadjusted data (Table 2) was no longer statistically

significant after adjustment (aOR = 0.59; 95% Cl 0.28—1.24;
p = 0.163) (Table 3). In our initial univariable comparison, OR
extubation appeared to significantly reduce the risk of infec-
tion. However, the robust SIPTW adjustment revealed that
this association was likely influenced by the healthier baseline
profile of patients selected for OR extubation (younger, better
renal function). This result is methodologically reassuring and
consistent with the randomized trial by Nicholson et al.,"”
which found no difference in pulmonary function between
early and delayed extubation. This underscores the impor-
tance of using advanced statistical methods to disentangle
true clinical effects from baseline characteristics. '®

Consistent with the literature on fast-track protocols,
OR extubation was strongly associated with reduced
resource utilization, specifically a 90% reduction in the odds
of prolonged ICU stay (> 14 days). Furthermore, we observed
a reduction in AKI (aOR = 0.55; 95% Cl 0.31—0.99; p = 0.046),
which persisted even after adjusting for CPB duration and
baseline function (Table 3). This suggests a potential hypoth-
esis that the preservation of spontaneous ventilation and
avoidance of positive pressure might contribute to improved
renal perfusion, a hypothesis supported by prior physiologi-
cal studies.® While our findings are consistent with this phys-
iological rationale, further prospective studies are required
to confirm this mechanism.

4,10

Limitations

Our study has limitations inherent to its retrospective
design. Despite robust statistical adjustment using SIPTW
and doubly robust estimation, residual confounding by
unmeasured variables (e.g., intraoperative ease of separa-
tion from bypass, specific surgeon preference) cannot be
completely excluded. Second, the specific subgroup analysis
for isolated CABG was limited by the absence of mortality
events in the OR extubation arm, preventing the calculation
of specific hazard ratios for that subset. Finally, the decision
to extubate was based on clinical consensus rather than a
rigid protocol, which introduces variability but also reflects
real-world clinical judgement. We also acknowledge that
urine output criteria for AKI were not available for all
patients, limiting our definition to serum creatinine
changes. Furthermore, although our weighting approach
balanced patient acuity, the study period (2018—2023)
encompassed the COVID-19 pandemic and potential varia-
tions in practice over time. Specifically, the COVID-19 pan-
demic period (2020-2021) may have affected patient
selection, surgical volume, and postoperative management
protocols, introducing a possibility of temporal confounding
that could not be fully adjusted for. Finally, we acknowledge
that the primary outcome of 30-day mortality was based on
a low number of events in the OR extubation group. Conse-
quently, the mortality estimates and its associated adjusted
hazard ratio (95% Cl 0.03—0.92) should be interpreted with
caution due to the uncertainty inherent in small event
counts and the resulting wide confidence interval.

Conclusion

This study indicates that, in a highly selected population,
extubation in the OR is a safe strategy associated with
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aHR = adjusted Hazard Ratio; aOR = adjusted Odds Ratio;

Cl = Confidence Interval. Note: Associations observed in an
adjusted observational cohort; causal inference is limited.

Central Illustration: Associations between operating room extubation on clinical outcomes.

reduced 30-day mortality, lower risk of AKI, and shorter ICU
stay in selected patients undergoing cardiac surgery. Con-
cerns regarding increased reintubation or bleeding were not
substantiated in this analysis. These findings from a tertiary
center support the feasibility of OR extubation for carefully
selected candidates.
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KEYWORDS Abstract

Anesthetics, Background: The main aim of this study was to compare the effects of propofol and sevoflurane
Inhalation; induction on the echocardiographic parameters of Mitral Stenosis (MS) patients.

Anesthetics, Methods: Prospective, randomized, outcome-assessor-blinded clinical trial in 80 adults with MS
Intravenous; undergoing mitral valve replacement. Patients were randomized to receive General Anesthesia (GA)
Echocardiography; induction with either propofol (Group P) or sevoflurane (Group S). The primary objective was to assess
Mitral valve stenosis; the changes in mean gradient after 3 minutes of GA induction. Secondary objectives were to assess
Propofol; the changes in echocardiographic Doppler parameters and hemodynamic variables.

Sevoflurane Results: Compared to pre-induction values, there was significant reduction in the peak and mean gra-

dients as well as peak velocity, in both the groups after GA induction. The Mitral Valve Area calculated
by continuity equation (MVA-c) and by pressure half time (MVA-p) were increased in Group S after GA
induction. On comparison between the two groups, Group S showed lower pressure half time and
greater MVA-p (p = 0.0099) and MVA-c (p = 0.0316) than Group P after GA induction. Mean arterial pres-
sure decreased at the 1% and 3™ minute following GA induction in both groups. The Heart Rate (HR)
increased at the 15t and 3" minute in Group P whereas it reduced at both the time points in group S.
Conclusion: Even though both anesthetic agents reduced transvalvular gradients in MS patients,
sevoflurane was associated with a greater increase in estimated valve area and a reduction in
heart rate compared with propofol. These findings suggest more favorable short-term hemody-
namic and echocardiographic changes with sevoflurane at the studied time points.

© 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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Mitral Stenosis (MS) is one of the most common valvular heart
diseases and the major manifestation of rheumatic fever, the
incidence of which is declining in developed countries.! Echo-
cardiographic modalities such as M-mode, two-dimensional
echo, three-dimensional echo, and Doppler evaluation are uti-
lized for assessment of the severity of the lesion.? The echocar-
diographic parameters determining the severity of mitral valve
stenosis are greatly influenced by the hemodynamic status of
the patient.? Patients with MS are subjected to General Anes-
thesia (GA) for various reasons like transesophageal echocardio-
graphic evaluation, percutaneous balloon mitral valvotomy, and
elective or emergency Mitral Valve Replacement (MVR).* A
clear understanding of cardiovascular dynamics in Mitral Steno-
sis (MS) is essential when selecting an anesthetic regimen for
general anesthesia induction. Progressive narrowing of the
mitral valve impairs left ventricular filling, elevating left atrial
pressure and leading to atrial dilatation; although disease
severity is defined by valve area, symptoms are primarily driven
by left atrial pressure. Factors that increase transvalvular gra-
dients, such as tachycardia or increased cardiac output, can
precipitate pulmonary congestion and edema.>® Chronic left
ventricular underfilling, compounded by interventricular septal
shift from right ventricular hypertrophy, may result in systolic
dysfunction.” Because cardiac output in MS is fixed and preload
dependent, induction of anesthesia is associated with signifi-
cant hemodynamic instability. Therefore, anesthetic goals
include avoiding tachycardia and preserving preload, afterload,
and left ventricular contractility. Propofol and sevoflurane are
commonly used agents for GA induction; however, their effects
on the hemodynamic and echocardiographic profiles of patients
with MS have not been extensively studied. Although sevoflur-
ane is considered relatively more cardiostable than propofol,
the extent of its influence on flow dynamics in MS and its clini-
cal significance remain poorly understood.

We hypothesize that sevoflurane, compared with propo-
fol, may be associated with more favorable hemodynamic
parameters after GA induction in patients with MS, owing to
its potential to reduce heart rate, which may in turn
improve valvular flow dynamics. Therefore, we designed a
prospective, randomized, comparative study to evaluate
and compare the effects of propofol- and sevoflurane-based
induction on echocardiographic parameters in patients with
MS undergoing MVR. The primary objective of the study was
to assess and compare the change in mean transmitral pres-
sure gradient three minutes after induction of GA. Changes
in other echocardiographic and Doppler parameters, as well
as hemodynamic variables, were considered secondary
objectives of the study.

Methods

This prospective, randomized, outcome-assessor-blinded
single center clinical trial was conducted in accordance with
the Declaration of Helsinki, with approval from the institu-
tional ethics committee (SCT/IEC/1509/JAN-2023) and fol-
lowing prospective trial registration with the clinical trials
registry of India (Registration Number: CTRI/2023/08/
056224; Date: 07, August 2023, study period 10-Aug-2023 to
30-Dec-2023). Written informed consent was obtained from

all the study participants and the study adhered to the Con-
solidated Standards of Reporting Trials (CONSORT) guidelines
for reporting parallel groups.® Provisionally accepted
patients were screened for eligibility to participate in the
study. Patients aged more than 18 years of either sex, who
were diagnosed with MS and scheduled to undergo elective
MVR were enrolled sequentially into the study. Exclusion cri-
teria were patients not willing to participate in the study,
more than mild mitral regurgitation, associated aortic, pul-
monary, and tricuspid valve disease, associated symptomatic
coronary artery disease, on preoperative inotropic or
mechanical circulatory supports, redo surgeries and emer-
gency surgeries. We also planned to exclude patients with
suboptimal pre-induction or post-induction Transthoracic
Echocardiographic (TTE) images.

After screening and enrolling the patients for the study,
all study participants were randomly allocated to one of the
study groups based on a computer-generated random num-
ber table. The type of intervention the subjects were about
to receive on the day of surgery was concealed in an opaque
sealed envelope. Those envelopes were handed over to that
particular anesthesiologist attending the case. The study
participants received either propofol (Group P) or sevoflur-
ane (Group S) for induction of GA based on randomization
and group allocation. An independent echocardiographer
performed the TTE assessment as per the study protocol.
The hemodynamic and echocardiographic data were
recorded and analyzed by an outcome assessor.

Patients included in the study were educated about the
study during preoperative evaluation. In the operating
room, after attaching the ASA standard monitors, invasive
arterial cannulation was done under local anesthesia for all
the patients. Additionally, Bi-Spectral Index (BIS; Medtronic,
Minneapolis, MN, USA) sensors were placed on the forehead
to monitor the depth of anesthesia. Induction of general
anesthesia was performed using fentanyl (5 ng.kg™) and
midazolam (0.05 mg.kg™") in both groups. In Group S, anes-
thesia was induced with sevoflurane, starting at 2% and grad-
ually increasing to 6% in 100% oxygen, with patients
breathing spontaneously until loss of the eyelash reflex. In
Group P, induction was performed with propofol at 1 mg.
kg, followed by 10 mg boluses until loss of the eyelash
reflex. In both groups, anesthetic depth was titrated to
maintain a Bispectral Index (BIS) between 40 and 60. This
was followed by administration of vecuronium 0.1 mg.kg ™ to
facilitate tracheal intubation. Titrated boluses of 25 ug of
injection phenylephrine was administered when the Mean
Arterial Pressure (MAP) reduced more than 20% from the
baseline. Anesthesia was maintained with sevoflurane, fen-
tanyl infusion, and intermittent boluses of vecuronium.

Before GA induction (T-0) and after 3 minutes of GA
induction, but before tracheal intubation (T-1), TTE exami-
nation of the heart was performed by an experienced peri-
operative echocardiographer using an ultrasound machine
(S5-1; iE33; Philips, Bothell, USA) and the images were
stored for analysis (Fig. 1). An independent outcome asses-
sor blinded to the type of intervention analyzed the follow-
ing parameters from the stored echocardiographic data: 1)
Peak Velocity (PV), 2) Peak Pressure Gradient (PPG), 3) Mean
Pressure Gradient (MPG), 4) Pressure Half Time (PHT), 5)
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Figure 1

Images showing various echocardiographic parameters to determine the severity of MS. (A) CWD across mitral valve in

transthoracic apical four-chamber view-spectral Doppler traced to determine the Vmax-maximum velocity, peak, and mean pressure
gradients. (B) CWD across mitral valve in transthoracic apical four-chamber view-spectral Doppler traced along the slope starting
from the peak to half the velocity for determination of PHT and till the baseline to derive DT. (C) CWD across mitral valve in transtho-
racic apical four-chamber view-spectral Doppler traced to obtain MV VTI for the derivation of MVA by continuity equation. (D) LVOT
VTI was obtained by tracing the PWD spectral trace across LVOT in an apical five-chamber view. CE, Continuity Equation; CWD, Con-
tinuous Wave Doppler; DT, Deceleration Time; LVOT, Left Ventricular Outflow Tract; MV, Mitral Valve; MVA, Mitral Valve Area; PHT,
Pressure Half Time; PLAX, Parasternal Long Axis view; PWD, Pulse Wave Doppler; VTI, Velocity Time Integral.

Deceleration Time (DT), 6) Mitral Valve Area by continuity
equation (MVA-c) and 7) Mitral Valve Area by PHT (MVA-p).
Parameters 1 to 5 were derived by tracing the transmitral
continuous wave spectral Doppler trace in the apical 4
chamber view (Fig. 1A-B). MVA-c was determined from
Velocity Time Integral (VTI) of the mitral valve (Fig. 1C), VTI
of Left Ventricular Outflow Tract (LVOT) (Fig. 1D), and LVOT
diameter [MVA-c = (LVOT area x LVOT VTI) / mitral valve
VTI].”'® The MVA-p is determined by the formula: MVA-
p = (220/PHT).® All the echocardiographic assessments were
performed according to the latest American Society of Echo-
cardiography (ASE) guidelines by averaging 3 to 5 cardiac
cycles in patients with sinus rhythm and 7 to 10 cardiac
cycles in patients with atrial fibrillation.™

The patient’s hemodynamic parameters like MAP,
Heart Rate (HR), and Cardiac Output (CO) were noted
before induction (baseline), at 1-minute, and at 3 minutes
after induction of GA. The total dose of phenylephrine
required during induction to restore the MAP close to the
baseline was recorded. To test the reproducibility of
Doppler measurements 10 sets of data were collected
randomly. The data were analyzed by a single assessor at
two different time points for the intra-observer variabil-
ity and by an additional assessor for interobserver
variability.

Based on a pilot study involving 10 patients that demon-
strated an effect size of 0.5 standard deviations (Cohen’s
d = 0.5), a sample size of 36 participants per group was cal-
culated to be sufficient to detect a 25% change in MPG
between pre- and post-induction values within each group,
with 80% statistical power and a significance level («) of
0.05. We included 40 patients in each group considering a
10% drop-out rate due to technical reasons like poor quality
echocardiographic images. All statistical analyses were per-
formed using the statistical software package SPSS version
23.0 (IBM Software Group, Chicago, IL 60606, USA). Categor-
ical and continuous variables were expressed as number
(proportions) and mean + SD or median (Interquartile
Range; IQR; 25™"—75™ percentiles) respectively. The Kolmo-
gorov-Smirnov test was used to test the normality of the
data. A paired t-test was used to compare quantitative
parameters before and after intervention in each group. An
independent t-test was used to compare quantitative
parameters between the two groups. Pearson Chi-Square
test was used for the analysis of categorical variables. The
intra-class correlation coefficient was calculated for intra
and inter-observer reliability assessment. An intra-class cor-
relation coefficient of 0.7 to 1 is considered to be a good cor-
relation. For all statistical interpretations, a p-value of
< 0.05 was considered to be statistically significant.
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Figure 2 CONSORT diagram depicting various stages at which patients were screened and finally recruited into the study.

Results

A total of 92 patients diagnosed with MS and scheduled for
elective MVR were assessed for eligibility. Of these, 12
patients were excluded based on predefined exclusion crite-
ria. The remaining 80 patients were randomly allocated into
two groups, with 40 patients in each group. No patients
were excluded after randomization because of suboptimal
pre- or post-induction TTE images and all randomized partic-
ipants were included in the final analysis (Fig. 2). Both
groups were comparable for demography, functional class,
and preoperative echocardiographic data (Table 1). In Group
P, after the induction of GA, there was a significant fall in
MPG and PV when compared to the baseline pre-induction
values (Table 2). In Group S, besides a significant decrease in
post-induction MPG, PPG and PV, there was also a significant
decrease in PHT and DT (Table 2). This significant decrease
in PHT was reflected as an increase in post-induction MVA-p
in comparison to pre-induction MVA-p in Group S (Table 2).
The MVA-c also showed a significant increase in the post-
induction period in comparison to pre-induction values in
Group S (Table 2). The pre-induction and post-induction val-
ues of PHT, DT, MVA-c, and MVA-p did not show any significant
change in Group P (Table 2).

On comparison of post-induction echocardiographic param-
eters between the two groups, the PHT was significantly lower
in Group S than in Group P whereas the MVA-p and MVA-c were

significantly higher in Group S than in Group P (Table 3). The
other post-induction echocardiographic parameters (PV, PPG,
MPG, and DT) were comparable between the two groups. Base-
line hemodynamic parameters (HR, MAP, and CO) were compa-
rable between the two groups. The post-induction HR was
significantly lower in Group S in the 1°t minute and 3™ minute
in comparison to Group P (Table 3). In both groups, the post-
induction MAP and CO values decreased from the baseline and
were comparable between the two groups (Table 3). The phen-
ylephrine requirement to normalize the MAP was significantly
higher in Group P (83%) in comparison to Group S 64% (50 +
12.5vs. 37.5 + 12.5 ug, median [IQR]- 50 [25] vs. 37.5 [25], p
< 0.0001). Intra-class correlation coefficient analysis of data
(PV, PPG, MPG, PHT, and MVA-p) measured by different observ-
ers (inter-observer variability) and by the same observer at
two different time points (intra-observer variability) showed
statistically significant good correlation (Table 4).

Discussion

In this study, both propofol and sevoflurane were associated
with reductions in MPG and PPG following induction of GA. A
greater increase in estimated valve area was observed in the
sevoflurane group. Hemodynamic changes were more pro-
nounced with propofol, whereas sevoflurane was associated
with more favorable hemodynamic effects. Under normal
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Table 1 Comparison of demographic data, functional class, and preoperative echocardiographic parameters.

Age (years) 50+7.0 49.6 +7.2 0.8150?

Weight (kg) 62.5+6.8 66.2 + 10 0.0540°

Gender Male 8 (20%) 16 (40.0%) 0.0510°
Female 32 (80%) 24 (60%)

NYHA class Il 20 (50.0%) 22 (55.0%) 0.654°
I} 20 (50.0%) 18 (45.0%)

Heart rhythm Sinus 24 (60.0%) 24 (60.0%) 1.0000°
Non- Sinus 16 (40.0%) 16 (40.0%)

Preoperative TTE MPG (mmHg) 12.09 +4.12 13.18 +5.10 0.2963°
MVA (cm? 0.93+0.20 0.96 + 0.24 0.5454%

Pre-induction TTE MPG (mmHg) 11.12 +3.02 11.30 +4.84 0.8424°
MVA (cm?) 0.88 +0.21 0.91 +0.11 0.4259°

MAP, Mean Arterial Pressure; MPG, Mean Pressure Gradient; MVA, Mitral Valve Area; NYHA, New York Heart Association; TTE, Transthoracic
Echocardiography.
2 Using t-test, data expressed as mean and Standard Deviation (SD).

b Using Chi-Square test, data expressed as frequency.

conditions, the flow velocity across the mitral valve is less
than 1.3 m.s™".? As mitral valve area decreases with disease
progression, transvalvular flow velocity increases. Induction
of general anesthesia with either propofol or sevoflurane
reduces sympathetic and parasympathetic tone and
increases venous capacitance, leading to a reduction in
venous return.'>'® The resulting decrease in blood flow
across the mitral valve accounts for the observed reductions
in peak velocity, peak pressure gradient, and mean pressure
gradient. However, the updated guidelines on valvular heart
diseases did not consider either velocity or pressure gra-
dients for the classification of disease severity.* This is
because the trans-mitral Doppler is heavily influenced by
the flow across the valve, which in turn is determined by the
diastolic filling time and compliance of the left atrium and
left ventricle." "> Despite these limitations, the MPG serves
as a very important and convenient parameter to decide
upon the severity of stenosis and has been in use for a longer
time.'® Transmitral MPG of less than 5 mmHg indicates mild
or no stenosis whereas MPG of more than 10 mmHg indicates
severe stenosis.'””'® When this criterion was considered, it
was surprising to find that approximately 23% of the total
study patients in our study, who were documented to have
severe MS, had their MPG less than 5 mmHg after induction
of GA (Group P: 12 [30%] and Group S: 6 [15%]). This finding
was predominantly seen in patients induced with propofol.
This is a clinically alarming phenomenon under anesthesia,
where misclassification of MS severity could easily happen.
The PHT is the next important echocardiographic param-
eter that indicates the severity of MS. According to the
American College of Cardiology (ACC)/American Heart Asso-
ciation (AHA) 2020 guidelines, a mitral valve PHT of > 150
msec is considered severe MS.* All patients enrolled in our
study had a baseline PHT of more than 200 msec. After the
induction of GA, the PHT dropped significantly in Group S
compared to Group P. The slight reduction in PHT from base-
line in Group P could be due to an increase in left atrial res-
ervoir capacity caused by propofol.'® The limitation of the
PHT measurement is that it is greatly influenced by the HR
and net compliance of the cardiac chambers. Moreover, the

presence of more than mild mitral regurgitation could
reduce the PHT and underestimate the true MS severity.'* ">
Hence, we excluded the patients with associated moderate
and severe mitral regurgitation.

Valve area is constant at varying degrees of hemodynamic
alterations and hence it serves as a most reliable marker of
MS severity. The estimated mitral valve area of less than 1.5
cm? is graded as severe MS.* By echocardiography, the mitral
valve area can be estimated by planimetry, continuity equa-
tion, PHT, and the Proximal Iso velocity Surface Area (PISA)
method.?° The valve area estimation by planimetry is con-
sidered gold standard but, both planimetry and PISA could
not be performed uniformly in all patients due to poor align-
ment and sub-optimal image in supine lying patients which
could have resulted in erroneous measurements. Moreover,
the dense calcification of the mitral leaflets underestimates
the mitral valve area measurement by the planimetry
method.?""?2 Hence, we estimated the mitral valve area by
PHT and continuity equation for all the study participants in
both groups. The significant drop in post-induction PHT in
Group S increased the post-induction Mitral Valve Area esti-
mated by PHT (MVA-p). Also, the post-induction MVA-c
increased significantly in Group S. In comparison with propo-
fol, the post-induction MVA-c and MVA-p were significantly
higher after sevoflurane induction. These observations agree
with the findings of the study by Kuperstein et al.2* The
exact reason for the increase in valve area under anesthesia
is not completely understood. It could be the complex inter-
play between the HR, loading conditions of the heart, myo-
cardial contractility, and interindividual responses to
anesthetic agents.'>'> However, the observed increase in
MVA-p and MVA-c after induction does not reflect a true ana-
tomical change in valve area but rather the effect of altered
loading conditions and HR.

As far as hemodynamic parameters are concerned, both
sevoflurane and propofol are known to reduce mean arterial
pressure.” In the present study, MAP and cardiac output
decreased after induction of GA in both groups. However,
these variables were measured repeatedly over time and
our analysis relied on separate pairwise t tests rather than a
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Table 3

Comparison of post-induction echocardiographic, Doppler and hemodynamic parameters.

-0.1 (-0.257 to 0.20972
PV (m.s") 1.8+ 0.4 1.9+0.3 0.0574)
-0.7 (-2.944 to 1.544) 0.53642
PPG (mmHg) 13.9+£5.9 14.6 + 4.0
-0.9 (-2.215 t0 0.415) 0.17692
MPG (mmHg) 7.1+2.8 8.0 + 3.1
25.7 (0.252 to 51.148) 0.04782
PHT (msec) 250.3 £+ 55.8 224.6 + 58.5
63.8 (-33.32 to 0.1948%
DT (msec) 831.4 + 250.8 767.6 £179.7 160.92)
-0.14 (-0.267 to 0.0316%
MVA-c (cm?) 0.91+0.26 1.05 + 0.31 0.0126)
-0.16 (-0.281 to 0.0099?
MVA-p (cm?) 0.92 +0.29 1.08 +0.25 -0.0395)
HR (Beats.min™) 83.8 4+ 15.1 82.4+19.5 1.4 (-6.363t09.163) 0.7210*b
Baseline
HR (Beats.min™") 1°¢ 86.2 +14.8 (A=2.4, 78.1 £ 18.1 (A=4.3, 8.1 (0.74 to 15.46) 0.0310%P
minute 95% Cl -2.37 to 7.17) 95% Cl -1.72 to 10.32)
HR (Beats.min-") 3™ 89.1 +16.1 (A=5.3, 76.7 £ 16.9 (A=5.7, 12.4 (5.053 to 19.747) 0.0010*P
minute 95% C10.31 to 10.29) 95% C1-0.18 to 11.58)
MAP (mmHg) Baseline 105.0 + 7.3 105.7 + 10.5 -0.7 (-4.726 0 3.326) 0.7131*b
MAP (mmHg) 1% 91.6 £ 6.5 (A=13.4, 89.1+8.1(A=16.6, 2.5 (-0.769 t0 5.769) 0.1263%P
minute 95% Cl1 11.18 to 15.62) 95% C113.55 to 19.65)
MAP (mmHg) 3" 85.8+6.4(A=19.2, 85.4 + 8.8 (A =20.3, 0.4 (-3.025 to 3.825) 0.8173%P
minute 95% C117.0 to 21.4) 95% C117.17 to 23.43)
4.1+0.8 4.0+0.6 0.1 (-0.215 t0 0.415) 0.52892P
CO (L.min") Baseline
3.1+0.8(A=1,95% 2.9+0.5(A=1.1, 0.2 (-0.097 to0 0.497) 0.18392P

CO (L.min"") post-
induction

Cl10.74to0 1.26)

95% C10.92 to 1.280)

Cl, Confidence Interval; CO, Cardiac Output, DT, Deceleration Time; HR, Heart Rate; MAP, Mean Arterial Pressure; MPG, Mean Pressure Gra-
dient; MVA-c, Mitral Valve Area by continuity equation; MVA-p, Mitral Valve Area by PHT; PHT, Pressure Half Time; PPG, Peak Pressure Gra-

dient; PV, Peak Velocity.

Estimated mean difference = mean + standard deviation (Group P— Group S).

A = Baseline value — value at that time point (within the same group).
@ Using t-test, data expressed as mean and Standard Deviation (SD).

b p-values (unadjusted) were obtained from separate pairwise comparisons and do not account for within-subject correlation (no
repeated-measures model) and were not adjusted for multiple comparisons; therefore, results — especially marginal p-values - should be

interpreted cautiously.

repeated-measures approach like repeated measures ANOVA
or a mixed effects model that would better account for
within subject correlation and formally assess time-group
interaction. Hence, p-values, especially those near the sig-
nificance threshold, should be interpreted cautiously, as
multiple comparisons across time points and outcomes
increase the risk of Type | error. Therefore, findings are best
considered time-point specific. The underlying mechanism

for the hemodynamic change differs slightly between the
two anesthetic agents. Reduced venous return and fall in
systemic vascular resistance reduce the MAP with sevoflur-
ane induction, whereas the added myocardial depression
reduces the MAP with propofol induction.’® Theoretically,
reduced MAP should augment the CO. Since MS is a fixed out-
put condition, the cardiac output may fail to increase with
the fall in MAP. Sevoflurane, a regularly used induction
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Intra-class correlation coefficient analysis for inter and intra-observer reliability of data.

Table 4

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

0.999

0.980
0.960
0.988

0.995

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

0.999

0.976

0.994
0.992
0.991

PV

0.998

0.990
0.997

0.998
0.998
0.998

0.968

PPG
MPG

0.999

0.965

1.000
0.996

0.992

0.998

0.970

0.992

PHT
MVA-p

0.937

0.984

0.996

0.942

0.986

Cl, Confidence Interval; MPG, Mean Pressure Gradient; MVA-c, Mitral Valve Area by continuity equation; MVA-p, Mitral Valve Area by PHT; PHT, Pressure Half Time; PPG, Peak Pressure Gradient;

PV, Peak Velocity. Intra-class correlation coefficient of 0.7 to 1 is a good correlation.

anesthetic agent, is not well studied for its cardio-dynamic
effects. However, the available literature supports the
reduced response of sevoflurane to vasopressors during
induction.?* In our study, sevoflurane induction reduced the
HR significantly in comparison to propofol. Both sevoflurane
and propofol depress the baroreceptor reflex and the net
change in HR depends on the balance between the sympa-
thetic and para-sympathetic tone.?>2® As a reflex phenome-
non, heart rate should increase with a fall in the MAP.
Sevoflurane blunts the baroreceptors more often than pro-
pofol to produce a significant reduction in HR.2>?” Also, pre-
vious studies have shown that sevoflurane anesthesia
resulted in a more stable fall in MAP with a low normal HR.®
In MS patients, lower HR is more favorable during the induc-
tion of GA.

Heart rhythm and respirophasic changes are the other
important influencing factors in assessing the Doppler
parameters.2%3° The echocardiographic Doppler parameters
vary between the patients in sinus rhythm and those
patients with atrial fibrillation due to the abolition of the
*atrial kick’ required for adequate left ventricular filling.?'
Additionally, as part of the induction procedure, the patients
were ventilated with positive pressure after administration
of the neuromuscular blocking drug, which again could have
potentially altered the Doppler parameters. We overcame
these two confounding factors by averaging the Doppler
measurement over several cardiac cycles as per the ASE
guideline recommendations.”" It could have nullified the
changes in heart rhythm as well as the respiratory cycle
which could have otherwise occurred.

We acknowledge that our study has a few limitations. On
the outset, we restricted our study to a single ethnic group
with two commonly used anesthetic induction agents. Prob-
ably, a multinational trial involving a diverse ethnic popula-
tion group with additional anesthetic agents will be superior
in generalizing study results. Next, ACC/AHA recommends
the estimation of valve area by planimetry and Pulmonary
Artery Systolic Pressure (PASP) for the classification of MS
severity.* We could not obtain satisfactory images uniformly
to perform the planimetry mitral valve area measurement
and not all patients had tricuspid regurgitation for measur-
ing PASP. Also, we did not study the effect of these two
agents on postoperative outcomes like duration of mechani-
cal ventilation, length of intensive care unit stay, hospital
stay, and mortality. The possible influence of concomitant
anesthetic medications and fluid/vasopressors is undeni-
able. Finally, we could have performed subgroup analysis in
those patients with atrial fibrillation. Despite these limita-
tions, our study highlights the short-term hemodynamic
effects of sevoflurane as an induction agent in patients with
mitral stenosis, suggesting potential areas for further clini-
cal studies.

Conclusion

In conclusion, both inhalational and intravenous anesthetic
induction agents were associated with reductions in trans-
mitral pressure gradients following induction of general
anesthesia in patients with mitral stenosis. Sevoflurane was
associated with more favorable short-term hemodynamic
and echocardiographic changes, including an increase in
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estimated valve area and a reduction in heart rate at the
studied time points. As these findings are based on surrogate
outcomes from a single center study, further multicenter
studies incorporating clinical outcomes are required to
establish their clinical significance.
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KEYWORDS Abstract

Aged; Background: Shoulder rotation and table tilt have been reported to increase the acoustic win-
Epidural anesthesia; dow for spinal ultrasonography. However, evidence in older adults remains scarce. This study
Posterior longitudinal evaluated their anatomical effects on lumbar (L3—L4) and thoracic (T10—T11) paramedian
ligament; acoustic windows, quantified by posterior longitudinal ligament (PLL) length, in older adults (>
Spinal anesthesia; 65 years).

Ultrasonography Methods: This quasi-experimental study enrolled 45 older adults scheduled for elective surgery

at two tertiary hospitals in Brazil. The primary outcome was PLL ultrasonographic length (para-
median sagittal oblique plane) assessed at the L3-L4 and T10-T11 interspaces in three positions:
F (standard spinal flexion), S (F plus 45° leftward shoulder rotation), and T (F plus 10° dorsal
table tilt). Data were analyzed using a Linear Mixed-Effects Model with Bonferroni-adjusted
post-hoc contrasts.

Results: The model revealed significant effects of position (p = 0.003) and spinal level (p <
0.001) on PLL length, with no Level x Position interaction (p = 0.693). PLL length was signifi-
cantly greater at L3—L4 than at T10—T11. Table tilt produced a significant increase relative to
the flexion position (difference = 2.2 mm; 95% Cl 0.9—-3.5; p = 0.002), whereas shoulder rotation
did not (difference = 1.2 mm; 95% Cl 0.0—2.5; p = 0.158), with homogeneous effects across both
levels. Fixed effects explained 27% of total variance (R*m = 0.27; R%c = 0.55).

Conclusion: Table tilt produced a significant anatomical enlargement of the neuraxial acoustic
window at both spinal levels studied, whereas shoulder rotation did not reach statistical signifi-
cance. These findings establish an anatomical foundation for future trials evaluating their impact
on neuraxial procedural outcomes in older adults.
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Introduction

Neuraxial anesthesia offers several key advantages, includ-
ing maintenance of consciousness, spontaneous ventilation,
and airway patency, while providing effective sympathetic
and motor blockade, benefits that are particularly relevant
for older adults.”? However, comorbidities and age-related
physiological changes, such as ligament calcification, osteo-
phyte formation, and facet joint hypertrophy, narrow the
spinal puncture window, increasing the technical difficulty
of neuraxial anesthesia.®* Consequently, advanced age
directly correlates with a greater number of puncture
attempts,> which not only cause patient discomfort but also
increase the risk of severe complications, including post-
dural puncture headache, neuraxial hematoma, and neuro-
logical injury.® In this scenario, Ultrasound (US) has become
a safe and widely available tool that can help predict and
manage difficulties that may arise during neuraxial anesthe-
sia.”1® Weed et al. identified a correlation between the
ease of spinal anesthesia and the size and quality of the Pos-
terior Longitudinal Ligament (PLL), as visualized by US.""

Dorsal table tilt and shoulder rotation maneuvers have
been reported to increase thoracic PLL length in adults,
thereby expanding the spinal acoustic window.'>"'* However,
these maneuvers have shown inconsistent results in certain
populations, such as pregnant women, "> and remain under-
studied in the elderly.

Additionally, conventional lumbar flexion provides lim-
ited expansion of the acoustic window in older patients,
especially at L3—L4, where it may not differ from the neu-
tral position.'® Given these challenges, maneuvers designed
to optimize the acoustic window and facilitate neuraxial
blockade in older adults are of utmost clinical relevance.
However, before their impact on clinical outcomes can be
assessed, their anatomical and biomechanical effects must
first be characterized.

The aim of the present study was to evaluate the influ-
ence of shoulder rotation and dorsal table tilt on the lumbar
(L3-L4) and thoracic (T10-T11) acoustic windows in older
adults, by measuring PLL length using the Paramedian Sagit-
tal Oblique (PSO) ultrasound plane.

Methods
Study design and participants

The study was approved by the Institutional Review Board
(IRB) (CAAE: 66608522.1.0000.8807; 66608522.1.3001.5198)
and was registered at the Brazilian Registry of Clinical Trials
- ReBEC platform (https://ensaiosclinicos.gov.br/rg/RBR-
3p6t9pm). This quasi-experimental study was conducted at
two tertiary hospitals in Recife, Brazil, and evaluated 50 vol-
unteers (first enrollment: June 19, 2024; last enrollment:
December 20, 2024) scheduled for elective surgery.

Inclusion criteria

The inclusion criteria were > 65 years of age and willingness
to provide written informed consent.

Exclusion criteria

The exclusion criteria were: inability to maintain the
designed positions; allergy to ultrasound gel; history of
shoulder or spine surgery, trauma, or anomaly (congenital or
acquired); and poor ultrasound image quality, defined as a
Weed score < 8."" For calculation of the Weed score, each
participant was evaluated at four lower lumbar interspaces
(L5-S1, L4-L5, L3—-L4, L2—-L3), bilaterally. Each site was
scored 0, 1, or 2 (0 = PLL not visible; 1 = Hazy; 2 = Clear visu-
alization of PLL and its limits), resulting in a total score rang-
ing from 0 to 16 (higher scores, in particular scores above 8,
indicate better PLL visualization)."

Data collection and sequence positioning

For each study participant, age, sex, weight, height, Body
Mass Index (BMI), American Society of Anesthesiologists
(ASA) physical status classification, and comorbidities were
recorded. Before surgery, each volunteer was seated on the
operating table with hips and knees flexed at 90°. Prior to
image acquisition, the sonographic quality of the four lower
lumbar interspaces was evaluated using the Weed score.
This assessment served strictly as an objective exclusion cri-
terion; participants presenting with low-quality image
(Weed score < 8) were excluded to ensure the reliability of
all subsequent measurements. Spinal ultrasonography in the
Paramedian Sagittal Oblique (PSO) plane was then per-
formed at the L3-L4 and T10-T11 levels in three consecutive
positions (F—S—T), yielding six images per participant.'”
Each data collection session lasted approximately 15
minutes per participant. This fixed sequence was adopted to
ensure accurate assignment of each image to the corre-
sponding position, spinal level, and participant, given that
the stored images contained no identifying information. An
assistant instructed and assisted patients in maintaining
each position, as described below (Fig. 1).

F (Flexion): The shoulders are held in a ‘slouched’ or flexed
posture, with cervical and lumbar flexion and exaggeration
of the thoracic kyphosis, while the arms rest on the legs.

S (Shoulder rotation): The same as in position F, but with
45° leftward shoulder rotation along the axis of the ver-
tebral column, which was confirmed by a Protractor
(Keuwlsoft, London, UK).

T (Table tilt): the patient is placed in position F, but with
a 10° dorsal table tilt, confirmed by a Protractor (Keuwl-
soft, London, UK).

Shoulder rotation and dorsal table tilt angles were chosen
based on previous studies.'?'®> We chose the L3-L4 and T10-
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Figure 1  Sitting positions and maneuvers. (a) Normal sitting position. (b) Position F - standard spinal flexed position. Individuals
were instructed to relax their shoulders, flex their cervical and lumbar spines, and exaggerate thoracic kyphosis, while resting their
arms on their legs. (c) Position S - shoulder rotation maneuver. Same as in position F, and 45° leftward shoulder rotation on the same
axis of the vertebral column. (d) Position T — table tilt maneuver. Same as in position F, and 10° dorsal table tilt.



M.V. Nunes de Souza, A.M. Caetano, N.M. Duarte et al.

T11 levels because they are commonly used at our institu-
tion for administration of anesthesia or analgesia during
lower-limb, abdominal, and thoracic surgeries.

Image acquisition

Starting from the sacral plateau, a scan of the paramedian
sagittal oblique plane was performed using a 2—5 MHz curvi-
linear transducer (GE HealthCare, Chicago, Illinois, USA).
Scanning was continued cranially, counting each lamina until
the L3-L4 and T10-T11 levels were reached. The position
was confirmed by manual palpation of spinal processes,
beginning with the sacral plateau, and by ultrasonographic
identification of the T12 vertebra, which is the first vertebra
to articulate with the rib when scanning from bottom to top.
The ‘sawtooth’ pattern was used to identify the laminae,
while the anterior complex, consisting of the PLL and verte-
bral body, was visualized as a deeper, brighter structure
(Fig. 2)."” The best PLL image, optimized by careful probe
tilting, was then saved to a USB drive.

Bias attenuation and image masking

An experienced anesthesiologist (M.S.) with over 100 neurax-
ial ultrasound scans and three years of practical experience
performed all US scans and measurements for the present
study. Although the anesthesiologist could not be blinded to
the patient’s position, the measurement process was con-
ducted under blinded conditions. An assistant who did not
participate in recording the US scans anonymized the stored
images (USB drive) by assigning them a random number from
1 to 270 (using a simple random draw) and sent them to the
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investigator (M.S.) in this new random sequence. The investi-
gator then used these anonymized US images to determine
PLL length along the largest axis (Fig. 2). The procedure was
executed using the Radiant DICOM Viewer application (Medi-
xant, Poznan, Wielkopolska, Poland). No patient identifica-
tion, positioning, or level was present in the file name or
image (Fig. 2). The examiner compiled all PLL measurements
into a spreadsheet, and after completion, the assistant
assigned each PLL value to the corresponding participant, spi-
nal level, and position.

Sample size and statistical analysis

Previous studies enrolled 30-34 subjects, considering a 1 mm
increase in PLL as anatomically meaningful.'?'® Based on
data derived from these studies, a statistician calculated that
a minimum sample size of 38 (effect size = 0.7, « = 0.05,
power = 90%, and 10% dropout) would be ideal for the present
study. A target of 50 subjects was therefore established.

A Linear Mixed-Effects Model (LMM) was fitted to account
for the hierarchical structure of repeated measurements
nested within subjects across positions and spinal levels. Posi-
tion (F, S, and T; reference: F), spinal level (L3—L4 and T10
—T11; reference: L3—L4), and their two-way interaction
(Level x Position) were entered as categorical fixed effects,
with a random intercept specified for each patient to account
for between-subject variability in baseline PLL length. Param-
eters were estimated using Restricted Maximum Likelihood
(REML) with Satterthwaite degrees of freedom approxima-
tion. The overall significance of fixed effects was first
assessed using Type lll F-tests. As the Level x Position interac-
tion was not statistically significant, pairwise position
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Structures of neuraxial ultrasound on paramedian sagittal oblique plane on L3-L4 intervertebral space and PLL length

along the largest axis. No patient identification, positioning, or level was present in the file name or image.
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contrasts (Svs. F, Tvs. F, and T vs. S) were subsequently com-
puted as marginal comparisons collapsed across spinal levels
and adjusted by the Bonferroni method. Effect sizes were
reported as marginal R? (Rm) and conditional R? (R%c),
reflecting variance explained by fixed effects alone and by
the full model, respectively.

Model assumptions were satisfied. Residual normality was
confirmed by the Shapiro-Wilk test (p = 0.403) and quantile-
quantile plots, with no evidence of heteroscedasticity on
inspection of residuals versus fitted values. The random
effects followed an approximately normal distribution.

The primary outcome was PLL length at the L3—L4 and T10
—T11 interspaces across positions F, S, and T. No secondary
outcomes were pre-specified. All analyses were performed in
R software (version 4.4.2, R Core Team, Vienna, Austria).

Results

Figure 3 summarizes the enrollment process. Initially, 50 vol-
unteers met the study eligibility criteria. However, four had
to be excluded from the present study because they could
not maintain the required positions: of these, three reported
pain related to a recent unrelated surgery, and one required
supplemental oxygen and experienced shortness of breath. In
addition, imaging data for one participant were lost due to a
power outage. Baseline characteristics of the five excluded
participants were not formally compared with those of the
included sample owing to the small number of exclusions;
however, no systematic differences in age, sex, or ASA classi-
fication were apparent from available records. Thus, a total
of 45 participants were included in the final analysis, and
their demographic characteristics are presented in Table 1.

Assessed for eligibility
n=53

Table 1 Demographic characteristics of participants.

Sex, n (%)

Male 22 (49)

Female 23 (51)
Age, years (mean =+ SD) 72.0+ 6.0
Height, m (mean + SD) 1.63 +0.09
Body mass index, kg.m2 (mean =+ SD) 24.7+5.4
Weight, kg (mean + SD) 65.4+13.3
ASA classification®, n (%)

| 2 (4)

Il 14 (31)

1 28 (62)

v 1(2)
Comorbidities®, n (%)

Diabetes mellitus 32 (71)

Systemic arterial hypertension 32 (71)

Peripheral arterial disease 19 (42)

Smoking 19 (42)

Overweight 14 (31)

Alcoholism 9 (20)

Obesity 6(13)

Coronary artery disease 3(7)

Cancer 2(4)

Others 9 (20)

ASA, American Society of Anesthesiologists. Data are expressed
as mean =+ SD, and number (%).

@ Sum of percentages was 99% due to rounding.

b Sum of percentages exceeded 100% because it is a preva-
lence measure, and each participant might have more than one
comorbidity.

Total recruited
n=1>50

NOT ASSESSED FOR ELIGIBILITY
* Declined to be invited (n = 3)

\ 4

Analyzed
n=45

Figure 3

\ 4

5

EXCLUDED
* Lost images (n=1)
¢ Could not tolerate positioning (n = 4)
Postoperative pain (n = 3)
Short breathing/oxygen therapy (n = 1)

Enrollment of patients in the study.
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Table 2
comparisons (n = 45).

Linear mixed-effects model results: estimated marginal means of PLL length, omnibus F-tests, and post-hoc pairwise

L3-L4 (mm)
T10-T11 (mm)

15.2 + 0.8 [13.6, 16.9]
13.0 £ 0.8 [11.3, 14.6]

16.4 +0.8[14.8, 18.0]
14.3 +£0.8[12.7, 15.9]

17.9 £ 0.8 [16.2, 19.5]
14.8 + 0.8 [13.1, 16.4]

Position 5.976
Level 22.536
Position x Level 0.367

2 220 0.003
1 220 < 0.001
2 220 0.693

L3-L4 — T10-T11 (mm)

Position

S —F (mm) 1.24+0.6[0.0, 2.5]
T —F (mm) 2.2 £0.6[0.9, 3.5]
T—S (mm) 1.0+0.6[-0.3, 2.2]

2.5+ 0.5[1.45, 3.51]

< 0.001

0.158
0.002
0.405

PLL, Posterior Longitudinal Ligament; 95% Cl, 95% Confidence Interval; df, Degrees of freedom; df(res), Residual degrees of freedom; F,
Standard spinal flexion; S, 45° leftward shoulder rotation; T, 10° dorsal table tilt.

Coefficients of determination R?m = 0.27; R%c = 0.55.

Data are expressed as mean =+ SE; 95% Confidence Intervals are model-derived from the Linear Mixed-Effects Model.
2 Post-hoc comparisons for Position are reported as marginal means collapsed across spinal levels, as the Level x Position interaction
was not statistically significant (p = 0.693); p-values adjusted by Bonferroni correction.

Four measurements (two at L3—L4 and two at T10—T11)
yielded a PLL length of 0 mm in position F, as the PLL could
not be visualized despite repeated scanning; notably, in
these same participants, the PLL became visible after appli-
cation of the maneuvers.

Table 2 and Figure 4 summarize the key outcomes. The
LMM revealed significant overall effects of position and spi-
nal level on PLL length, with no significant Level x Position
interaction (p = 0.693), indicating that the effects of the
maneuvers were statistically homogeneous across spinal
levels. In the post-hoc analysis, PLL length was signifi-
cantly greater at L3—L4 than at T10—T11. Table tilt was
the only maneuver to produce a significant increase in
PLL length relative to the flexion position, an effect con-
sidered applicable to both spinal levels; shoulder rotation
did not reach statistical significance. The difference
between table tilt and shoulder rotation was also not sta-
tistically significant.

Fixed effects explained 27% of the total variance in PLL
length (R®m = 0.27), rising to 55% when between-subject vari-
ability was accounted for (R% = 0.55). The random intercept
variance was 11.2 mm? (SD = 3.34 mm), reflecting substantial
individual variability in baseline PLL length across patients.

Discussion

In the present study, we hypothesized that shoulder rotation
and table tilt maneuvers would enlarge the acoustic window
at the lumbar (L3-L4) and thoracic (T10-T11) levels in older
adults. The LMM revealed a significant overall effect of posi-
tion on PLL length, driven by the table tilt maneuver, which
reached statistical significance in the post-hoc analysis. The
Level x Position interaction was not significant, indicating
that the anatomical response to the maneuvers was statisti-
cally homogeneous across spinal levels; the effect of table
tilt was therefore interpreted as applicable to both L3—L4
and T10—T11. Shoulder rotation did not reach statistical sig-
nificance after Bonferroni correction. These findings estab-
lish an anatomical foundation for future clinical trials
evaluating the impact of these maneuvers on clinical out-
comes in older adults.

Sebbag et al. evaluated shoulder rotation and table tilt in
full-term pregnant women at the L3—L4 interspace, but
found no significant increase in PLL dimensions, likely owing
to the limited lumbar flexion imposed by the gravid uterus.'®
In contrast, the present study demonstrated a statistically
significant anatomical effect of table tilt across both spinal
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levels, highlighting the need for further research in chal-
lenging patient populations.

Unlike previous investigations, which reported significant
increases in PLL length following shoulder rotation at tho-
racic levels,'>'* the present study found no statistically sig-
nificant effect of this maneuver at either spinal level. In
contrast, table tilt resulted in an increase in PLL length con-
sistent with or exceeding values reported in prior investiga-
tions, '2"'* suggesting that this maneuver may be particularly
appropriate for elderly patients.

The significantly greater PLL length at L3—L4 compared
with T10—T11 (p < 0.001) is consistent with the known ana-
tomical differences between lumbar and thoracic vertebral
morphology, with wider intervertebral spaces at lower spinal
levels.

Biomechanically, shoulder rotation induces vertebral tor-
sion by rotating the upper trunk with respect to the hips,
which are held fixed, resulting in a more pronounced
enlargement of the interlaminar spaces at higher thoracic
levels.®"® Therefore, the diminished and non-significant
response at both levels may also be attributed to reduced
mobility, dehydration, and age-related narrowing of the
intervertebral spaces.®* Table tilt, by contrast, enhances
both lumbar and thoracic flexion simultaneously, promoting
a more uniform expansion of the intervertebral spaces
across levels.®1°

A difference of at least 1 mm in PLL length has been pro-
posed as an anatomically meaningful threshold, approximat-
ing the outer diameter of a standard epidural needle.'?"* In
the present study, all observed mean differences between
positions exceeded this threshold at both spinal levels;

however, only table tilt reached statistical significance.
Future studies with larger sample sizes may help clarify
whether shoulder rotation produces a consistently detect-
able anatomical effect in this population.

The effects of the maneuvers observed in the present
study can be further characterized by the effect size metrics
derived from the LMM. Fixed effects (spinal level and posi-
tion) explained 27% of the total variance in PLL length
(R?!m = 0.27), a moderate proportion indicating that position
and vertebral level are meaningful determinants of PLL
length. When individual between-subject variability was
incorporated through the random intercept, the model
explained 55% of total variance (R’c = 0.55). The gap
between R*m and R%c reflects the substantial contribution of
individual anatomical differences, quantified as a random
intercept variance of 11.2 mm? (SD = 3.34 mm), underscor-
ing that baseline PLL dimensions vary considerably across
older adults, independently of position or spinal level.

Interestingly, while the PLL could not be identified in four
initial images obtained in position F, it became visible after
applying the proposed maneuvers. This finding highlights the
potential of these techniques; however, whether this trans-
lates into any procedural advantage remains to be estab-
lished in future clinical studies.

The present study has some limitations. All ultrasound
examinations were performed by a single experienced investi-
gator (over 100 US scans), precluding interobserver reliability
analysis. This limitation reduces the external validity of the
present findings, given the operator-dependent nature of
ultrasound imaging. The same investigator who performed the
ultrasound scans subsequently measured the PLL lengths; as
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blinding of the examiner was not feasible, potential mea-
surement bias was minimized by anonymizing the images
and presenting them in a random sequence, ensuring the
examiner was unaware of patient identity, maneuver, or
spinal level. The fixed sequential order of the positions
(F—>S—T) without randomization may have introduced
an order bias in both directions: while progressive muscle
relaxation over time could have favored a greater expan-
sion of the acoustic window during the final maneuvers,
cumulative fatigue arising from sustained non-physiologi-
cal positions could have conversely hindered the volun-
teers’ ability to maintain the optimal posture.

Although fatigue or discomfort could interfere with main-
taining the required positions, 90% of the study participants
tolerated the maneuvers well. Among the 50 volunteers who
met the inclusion criteria, five were excluded: four due to
pain or discomfort that prevented proper positioning, and
one because of image loss during a power outage. Based on
the present study, the maneuvers appear to be well-tolerated
by older adults, although specific clinical conditions may limit
their general applicability. Nevertheless, the final sample size
still exceeded the minimum required for statistical validity.

Finally, and most importantly, the present study assessed
PLL length as a surrogate anatomical marker and was not
designed to evaluate clinical outcomes. Whether enlarge-
ment of the acoustic window translates into improved proce-
dural outcomes requires prospective clinical investigation.

The present study is notable for evaluating an elderly
patient population, which has often been excluded from
previous investigations.'>'> Older individuals have bio-
mechanical constraints that may limit expansion of the
intervertebral spaces and reduce the effectiveness of the
maneuvers. Nevertheless, table tilt produced a statistically
significant and anatomically meaningful increase in PLL
length applicable to both spinal levels studied.

The study was conducted at two tertiary public hospitals
within a developing country, reflecting a population with
limited access to health-promoting resources and treat-
ments. This is supported by the high prevalence of patients
classified as ASA llI-1V, indicating significant comorbidity bur-
den, which may have adversely affected spinal mobility and
attenuated the observed effects. Accordingly, the present
findings may represent a conservative estimate of the ana-
tomical response to table tilt, and this response may be
more pronounced in healthier elderly individuals; however,
whether comorbidity burden directly affects PLL dimensions
remains to be investigated.

Conclusion

Table tilt enlarged the acoustic window, as reflected by PLL
enlargement, at both the lumbar (L3—L4) and thoracic (T10
—T11) levels in older adults. Shoulder rotation did not signif-
icantly increase PLL length at either level. As the present
study assessed PLL length as a surrogate anatomical marker,
these findings provide anatomical evidence that table tilt
may enlarge the neuraxial acoustic window in older adults.
Future clinical trials should assess the ability of these
maneuvers to reduce the technical challenges associated
with the administration of neuraxial anesthesia and related
complication rates.

Data availability statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author upon rea-
sonable request.

Declaration of generative Al and Al-assisted
technologies in the manuscript preparation
process

During the preparation of this work the author(s) used
Chat GPT and Claude in order to improve fluency, lan-
guage and readability. After using this tool/service, the
author(s) reviewed and edited the content as needed and
take(s) full responsibility for the content of the published
article.

Funding

This research did not receive any specific funding from fund-
ing agencies in the public, private, or non-profit sectors.

Acknowledgements

We are thankful to Kamila Cunha for providing assistance
during data collection.

Conflicts of interest

The authors declare no conflicts of interest.

Authors’ contributions

Marcos V. Nunes de Souza: Conceptualization, Data cura-
tion, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing — original draft,
Writing — review & editing. Ana M.M. Caetano: Conceptuali-
zation, Methodology, Supervision, Validation, Writing — review
& editing. Nadia M.C. Duarte: Conceptualization, Methodol-
ogy, Writing — review & editing. Camila T. Nunes de Souza:
Data curation, Formal analysis, Investigation, Resources, Visu-
alization, Writing — original draft, Writing — review & editing.
Artur J.L. Bezerra: Data curation, Investigation, Writing —
review & editing. Emmanuelle T.A.G.B.B. Silva: Conceptuali-
zation, Methodology, Project administration, Supervision, Vali-
dation, Writing — review & editing.

Associate Editor

Eric Benedet Lineburger



Brazilian Journal of Anesthesiology 2026;76(4): 844769

References

1.

Barbosa FT, Juca MJ, Castro AA. Neuroaxis Block Compared to
General Anesthesia for Revascularization of the Lower Limbs in
the Elderly. A Systematic Review with Metanalyzis of Random-
ized Clinical Studies. Braz J Anesthesiol. 2009;59:234—43.

. Nordquist D, Halaszynski TM. Perioperative multimodal anes-

thesia using regional techniques in the aging surgical patient.
Pain Res Treat. 2014;2014:1—10.

. Fechine BRA. O processo de envelhecimento: as principais alter-

acoes que acontecem com o idoso com o passar dos anos. Inter-
SciencePlace. 2012;1:106—32.

. Albuquerque M, Mattos S, Nunes R. Educacao Continuada em

Anestesiologia. 1st ed. Rio de Janeiro: Sociedade Brasileira de
Anestesiologia; 2018.

. Atallah MM, Demian AD, Shorrab AA, et al. Development of a

difficulty score for anaesthesia. Br J Anaesth.

2004;92:354—60.

spinal

. Duits FH, Martinez-Lage P, Paquet C, et al. Performance and

complications of lumbar puncture in memory clinics: Results of
the multicenter lumbar puncture feasibility study. Alzheimers
Dement. 2016;12:154—63.

. Poots C, Chin KJ. Strategies for successful lumbar neuraxial

anesthesia and analgesia in patients with challenging anatomy.
BJA Educ. 2024;24:46—56.

. Perlas A, Chaparro LE, Chin KJ. Lumbar neuraxial ultrasound for

spinal and epidural anesthesia: A systematic review and meta-
analyzis. Reg Anesth Pain Med. 2016;41:251—60.

. Chin KJ, Ramlogan R, Arzola C, et al. The Utility of Ultrasound

Imaging in Predicting Ease of Performance of Spinal Anesthesia
in an Orthopedic Patient Population. Reg Anesth Pain Med.
2013;38:34-8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chin KJ, Perlas A, Chan V, et al. Ultrasound Imaging Facilitates
Spinal Anesthesia in Adults with Difficult Surface Anatomic
Landmarks. Anesthesiology. 2011;115:94—101.

Weed JT, Taenzer AH, Finkel KJ, et al. Evaluation of pre-proce-
dure ultrasound examination as a screening tool for difficult spi-
nal anesthesia. Anaesthesia. 2011;66:925—30.

Ramsay N, Walker J, Tang R, et al. Flexion-rotation manoeuvre
increases dimension of the acoustic target window for parame-
dian thoracic epidural access. Br J Anaesth. 2014;112:556—62.
Byon HJ, Song JH, Song KC, et al. The effects of shoulder rota-
tion on the acoustic window for thoracic paramedian epidural
approach in the lateral decubitus position. Reg Anesth Pain
Med. 2016;41:572-5.

Byon HJ, Hong SJ, Kim DY, et al. Comparison of the acous-
tic windows for the thoracic paramedian epidural
approach after shoulder rotation: The lateral decubitus
versus the sitting position. Anaesth Crit Care Pain Med.
2019;38:53—6.

Sebbag I, Tang R, Gunka V, et al. Effect of table tilt and spine
flexion—rotation on the acoustic window of the lumbar spine in
pregnant women. Braz J Anesthesiol. 2018;68:280—4.

Byon HJ, Han JU, Jung JK, et al. Comparison of the Effects of
Lumbar Spine Flexion on the Acoustic Windows Between Young
and Elderly Patients. Pain Physician. 2022;25:E759—-65.

Chin KJ, Karmakar MK, Peng P, et al. Ultrasonography of the
Adult Thoracic and Lumbar Spine for Central Neuraxial Block-
ade. Anesthesiology. 2011;114:1459—85.

Gregersen GG, Lucas DB. An in vivo study of the axial rotation of
the human thoracolumbar spine. J Bone Joint Surg Am.
1967;49:247—62.

White AA, Panjabi MM. Clinical Biomechanics of the Spine. 2nd
ed. Boston: Lippincott Williams & Wilkins; 1990. p. 102—-23.



Brazilian Journal of Anesthesiology 2026;76(4): 844770

BJAN  Brazlian Journal of

ANESTHESIOLOGY

Brazilian Journal of

oreense ANESTHESIOLOGY

de Anestesiologia

ORIGINAL INVESTIGATION

l.)

Check for
updates

Continuous erector spinae plane block for robotic-
assisted thoracic surgery in lung cancer: a dual-center
retrospective propensity-score weighted cohort study

Matheus Arraes © * Sara Amaral @ ®, Saullo Queiroz Silveira ® ¢,

Leopoldo Muniz da Silva © 29, Rafael Sousa Fava Nersessian © 2,

Francisco Jose Lucena Bezerra ©© 2, Manoel de Souza Neto?, Caroline Machado Nunes © 2,
Helidea de Oliveira Lima ® 9, Fernando Nardy Bellicieri © €, Glenio B. Mizubuti ® ",
Rafael Lombardi ®

2 Sao Luiz Hospital — ITAIM/Rede, Department of Anesthesiology, Brazil

® Duke University Medical Center, Department of Anesthesiology, Durham, NC, USA

¢ Vila Nova Star Hospital/Rede D’Or, Department of Anesthesiology, Sao Paulo, SP, Brazil

4D’0r Institute for Research and Education (IDOR), Sao Paulo, SP, Brazil

€ Queen’s University, Department of Anesthesiology and Perioperative Medicine, Kingston, ON, Canada
f University of Nebraska Medical Center, Department of Anesthesiology, Omaha, NE, USA

Received 7 October 2025; accepted 20 May 2026
Available online 6 June 2026

KEYWORDS Abstract

Analgesia; Background: Postoperative analgesia remains challenging in thoracic surgery, particularly with
Erector spinae plane the rise of Robotic-Assisted Thoracoscopic Surgery (RATS). The Erector Spinae Plane Block (ESPB)
block; is a promising opioid-sparing technique, but its role in RATS is unclear.

Lung neoplasms; Methods: In this retrospective dual-center cohort study, we included 78 patients with lung can-
Propensity score; cer undergoing RATS, who received general anesthesia with or without ESPB. ESPB involved a sin-
Robotic surgical gle shot of 30 mL of 0.5% ropivacaine injection at T7, followed by a 24-hour infusion of 0.2%
procedures; ropivacaine (7 mL.h™"). The primary outcome was opioid rescue within 36 hours. Secondary out-
Thoracic surgical comes included hospital length of stay and chest tube duration. Confounders were balanced
procedures with Inverse Probability Treatment Weighting (IPTW).

Results: In unadjusted analyses, there was no significant difference in rescue opioid consump-
tion between groups (ESPB 37.8% vs. GA 27.3%; p = 0.46). After propensity score weighting to
improve covariate balance, ESPB use was associated with lower postoperative opioid require-
ments (OR = 0.57; 95% Cl 0.32—0.79; p = 0.01). This finding may reflect improved adjustment for
measured confounders, although residual confounding cannot be excluded. In contrast, chest
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tube presence within 24 hours was associated with higher opioid requirements (OR = 2.32; 95% ClI
1.22—4.20; p = 0.04). ESPB patients also required fewer scheduled opioids during the first 24

—36h postoperatively (p = 0.03).

Conclusion: In this observational cohort, ESPB use was associated with lower postoperative opi-
oid requirements in RATS. These findings suggest a potential role for ESPB within ERAS pathways,
although randomized studies are needed to confirm efficacy and define its role in minimally inva-

sive thoracic surgery.

© 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

Postoperative pain management remains a critical challenge
in thoracic surgery, in which inadequate analgesia can lead
to severe complications, including atelectasis, pneumonia,
respiratory failure, and chronic pain." Over the past decade,
minimally invasive techniques such as Video-Assisted Tho-
racic Surgery (VATS) and Robotic-Assisted Thoracoscopic Sur-
gery (RATS) have largely replaced traditional thoracotomy,
reducing surgical trauma and enhanced recovery.2 How-
ever, optimal pain control strategies must evolve alongside
these advancements.

While thoracic epidural analgesia has long been consid-
ered the gold standard for thoracic procedures, its use has
gradually declined due to well-recognized adverse effects,
including hypotension and urinary retention, particularly
when continuous local anesthetic-opioid combinations are
employed.® In this context, opioid-sparing multimodal anal-
gesia strategies and ultrasound-guided fascial plane blocks
have gained increasing attention. Among these, the Erector
Spinae Plane Block (ESPB) has emerged as a promising alter-
native.*” First described in 2016,* ESPB is characterized by
technical simplicity, a favorable safety profile, and a lower
risk of neuraxial-related complications compared with tradi-
tional epidural techniques.®

Despite its growing adoption, key uncertainties remain
regarding ESPB’s mechanism of action. Studies report incon-
sistent spread to the paravertebral, epidural, and intercos-
tal spaces, with significant variability in block distribution
among patients.” ¥ This raises questions about its reliability
and optimal application, particularly in RATS, where evi-
dence remains scarce.

Evidence specifically addressing the use of ESPB in RATS
for lung cancer remains very limited, particularly regarding
continuous ESPB techniques using catheter-based local anes-
thetic infusion. Available data are largely restricted to small
case series or extrapolated from non-robotic or single-injec-
tion studies, leaving an important gap in evidence for this
increasingly common surgical setting.'>"”

In this context, the primary aim of this study was to
evaluate the effectiveness of continuous ESPB as part
of a multimodal, opioid-sparing analgesic strategy in
patients undergoing RATS lung resection using a dual-
center retrospective cohort design with propensity
score weighting. We hypothesized that adding continu-
ous ESPB to general anesthesia would reduce the pro-
portion of patients requiring postoperative rescue
opioids within 36 hours, compared with general anes-
thesia alone.

Methods

This investigation was approved by the Institutional Research
Ethics Board (IREB) (protocol 4.518.838, CAAE 42052821.
2.0000.0087), which waived informed consent. STROBE guide-
lines were followed, and a checklist is attached in the supple-
mentary material. This study complied with Resolution 466/
2012 of the Brazilian National Health Council. The authors
received no financial support for the research, authorship,
and/or publication of this article. No funding bodies had any
role in the design of the study; in the collection, analysis, or
interpretation of data; in the writing of the manuscript; or in
the decision to publish the results.

In this retrospective cohort, we reviewed electronic med-
ical records at two tertiary hospitals between March 2019
and March 2022. All consecutive patients who underwent
RATS for lung cancer during the study period were screened
for eligibility. A total of 86 patients were initially identified.
Six patients were excluded due to incomplete medical
records, primarily related to missing postoperative pain
assessments and/or incomplete documentation of rescue
opioid administration, which precluded reliable classifica-
tion of the primary outcome. One patient who received tho-
racic epidural analgesia and one patient with unintended
ESPB catheter dislodgement were also excluded. No intrao-
perative conversions to open thoracotomy occurred during
the study period. Patients with incomplete medical records
were excluded prior to analysis, ensuring complete data
availability for all covariates and outcome variables. No par-
tial missingness remained, and therefore complete case
analysis was performed without imputation.

During the study period, robotic thoracic surgeries were
managed by a dedicated anesthesia team that routinely cov-
ered all eligible cases. The assighment of anesthesiologists
to operating rooms was determined by standard departmen-
tal scheduling, independent of patient characteristics and
without prior knowledge of which specific surgical cases
would be performed. As a result, ESPB was not selectively
offered based on individual patient factors or perceived
pain risk.

For patients included in this study, thoracic procedures
were consistently performed by the same group of anes-
thesiologists, who were instructed to follow an institutional
protocol consisting of either general anesthesia alone or
general anesthesia combined with ESPB. Although the study
design was neither blinded nor systematically randomized,
anesthesiologists became aware of individual case details
only after assignment. This approach aimed to reduce selec-
tive application of ESPB, although residual confounding by
indication cannot be entirely excluded.
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We included patients aged > 18 years, undergoing RATS
with GA, with and without ESPB. We excluded patients with
chronic opioid consumption, chronic pain, substance abuse,
emergency surgeries, palliative care, Patient-Controlled
Analgesia (PCA) with the installation of an epidural pump,
single-shot epidural anesthesia, catheter dislodgement in
patients undergoing ESPB, patients who were not extubated
within 12 hours after surgery, combined surgical procedures,
reoperation, comatose patients, those with impaired ability
to assess pain or request analgesia, and incomplete medical
records.

The primary outcome was the incidence of postoperative
opioid rescue within 36 hours after awakening from the GA.
Rescue opioids were administered only if patients experi-
enced moderate to severe pain, either at rest or with move-
ment. Pain was assessed using the Numerical Rating Scale
(NRS), where 0 indicates no pain and 10 indicates extreme
pain. Scores > 4 were considered moderate or severe pain.
The secondary outcomes included hospital length of stay
and chest tube duration (in days). Although the NRS was
used clinically to guide rescue analgesia according to a stan-
dardized institutional protocol, pain scores were not consis-
tently documented in a structured manner in some of the
medical records, and in some cases only analgesic adminis-
tration was recorded. Therefore, longitudinal analysis of
NRS values was not feasible, and the occurrence of rescue
opioid administration was used as a surrogate marker of clin-
ically significant pain.

The studied variables included age, gender, Body Mass
Index (BMI), comorbidities, anesthetic technique, type of
surgery, duration of surgery, postoperative use of opioids
and pregabalin, chest tube duration, and Intensive Care Unit
(ICU) length of stay.

The general anesthetic management and block technique
were based on our hospital’s standard of care. Anesthetic
management followed institutional standards and was indi-
vidualized when clinically indicated, according to the judg-
ment of the attending anesthesiologist.

Anesthesia was induced with propofol 2 mg.kg™, and
selective tracheal intubation was facilitated with rocuro-
nium 0.6—1.2 mg.kg™'. Fentanyl or methadone was used as
the opioid for induction, with dexmedetomidine and magne-
sium sulfate administered as analgesic adjuncts. Anesthesia
was maintained with continuous infusions of propofol and
remifentanil; propofol was titrated to maintain Bispectral
Index (BIS) values between 40 and 60, while remifentanil
was administered to provide intraoperative analgesia
according to clinical judgment. As part of a standardized
multimodal analgesia protocol, parecoxib 40 mg, pantopra-
zole 40 mg, and dexamethasone 0.1 mg.kg™' (maximum
10 mg) were administered before surgical incision. Twenty
minutes before surgical completion, intravenous metami-
zole 2000 mg was given.

Intraoperative monitoring consisted of Non-Invasive Blood
Pressure (NIBP), ECG, Pulse Oximetry (Sp0O,), capnography,
temperature, and BIS. Controlled ventilation was performed
in a closed circuit with a flow up to 2 L.min™", tidal volume up
to 7 mL.kg™", with a Positive end Expiratory Pressure (PEEP) of
6-8 cm H,0, and respiratory rate to maintain an end-tidal
CO, between 35-40 mmHg. Neuromuscular blockade was
maintained at a post-tetanic count < 5 (i.e., deep block).
Reversal of neuromuscular blockade with sugammadex was

performed in all patients. A convective air circulation heating
system maintained normothermia. The same surgical team
conducted all the included surgeries.

The ESPB and catheter placement were performed at the
end of surgery, before emergence from general anesthesia
and prior to tracheal extubation, under sterile conditions
and ultrasound guidance. The block was intentionally per-
formed at this time point to avoid interference with intrao-
perative management and patient positioning, as
preoperative placement of a continuous ESPB catheter could
interfere with the surgical field during robotic thoracic sur-
gery and increase the risk of unintended catheter displace-
ment. Given the use of a continuous catheter, the primary
aim of the block was postoperative analgesia rather than
preemptive intraoperative analgesia.

The ESPB was performed in a standardized manner using a
high-frequency linear ultrasound transducer. A single-shot
unilateral ESPB was administered by injecting 30 mL of 0.5%
ropivacaine into the fascial plane between the deep surface
of the erector spinae muscle and the transverse process of
the seventh thoracic vertebra. A 20-gauge epidural catheter
was then inserted through the Tuohy needle and advanced
5 c¢m into the fascial plane. Continuous infusion of ropiva-
caine 0.2% was administered via the ESPB catheter at a basal
rate of 7 mL.h™", with the option of up to two additional
bolus doses of 5 mL.h™", for the first 24 hours. After this
period, the catheter was removed, and analgesia continued
with standard or rescue analgesics at the discretion of the
surgical team.

The surgical team determined postoperative analgesic
management. The regimen included oral oxycodone 10 mg
every 12 hours, IV tenoxicam 40 mg every 24 hours, and IV
metamizole 50 mg.kg ' every 6 hours.

Pain was assessed at 15-minute intervals during the first
postoperative hour and then every 6 hours after discharge
from the Post-Anesthesia Care Unit (PACU). Patients were
instructed to promptly inform the nursing staff if they expe-
rienced moderate to severe pain. Intravenous morphine was
administered as rescue analgesia for both groups when the
pain score was > 4, with dosing set at 1 mg every 10 minutes
for moderate pain (scores 4-7) and 2 mg for severe pain (>
7), aiming to maintain a score below 4. Rescue opioid admin-
istration followed a standardized institutional protocol
applied uniformly in both the Post-Anesthesia Care Unit
(PACU) and the surgical ward. Nursing staff administered
intravenous morphine based exclusively on patient-reported
pain intensity using the NRS. Due to the presence of an
indwelling ESPB catheter, blinding of nursing staff to group
allocation was not feasible. This lack of blinding may have
introduced performance or detection bias; however, the use
of objective pain thresholds (NRS > 4) and a standardized
rescue opioid protocol aimed to minimize subjective influ-
ence on analgesic administration.

Statistical analysis

The sample size was based on the available data, i.e., all
patients who underwent RATS between March 2019 and
March 2022. No statistical power calculation was performed
before the study.

Data distribution normality was evaluated through a nor-
mal Quantile—Quantile (Q—Q) plot. For categorical variables,
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Table 1 Summary of propensity weighted analysis.
Groups

GA 1.00
ESPB 0.57
Dose of Fentanyl (mcg) 0.96
Dose of Methadone (mg) 1.12
Chest tube in the First 24h 2.32

0.01
0.32-0.79
0.91-1.08 0.06
0.87 -1.15 0.09
1.22-4.2 0.03

Estimates correspond to Odds Ratio (OR); Cl, Confidence Interval; Weighted analysis evaluating the association between ESPB use and

postoperative rescue opioid requirements.

1 Postoperative rescue opioid requirement was defined as the occurrence of moderate to severe pain with the need for opioid analgesics
(morphine) in the first 36 hours. General Anesthesia without Erector Spinae Plane Block (GA); General Anesthesia with Erector Spinae
Plane Block (ESPB). The propensity score was estimated using a logistic regression model based on pre-treatment variables only (demo-
graphics, comorbidities, surgical characteristics, and intraoperative analgesic exposure). The weighted outcome model additionally
included selected postoperative variables (e.g., chest tube presence within the first 24h) to account for clinically relevant factors associ-

ated with postoperative pain.

the Pearson Chi-Squared test was applied, with partitioned
Chi-square analyses performed when p < 0.05. Comparisons
between two independent groups were conducted using the
Mann-Whitney U-test when the dependent variable was ordi-
nal or continuous but did not meet normality assumptions.
Propensity Scores (PS) were used to calculate weights: 1/PS
for patients in the treatment group (ESPB) and 1/(1—PS) for
those in the control group (GA), following the method of
Inverse Probability of Treatment Weighting (IPTW).

To mitigate confounding inherent to the retrospective
design, a propensity score—weighted analysis using Inverse
Probability of Treatment Weighting (IPTW) was performed to
estimate Odds Ratios (OR) with corresponding 95% Confi-
dence Intervals (95% CI). The propensity score was derived
from covariates selected a priori based on biological plausi-
bility and prior evidence of association with postoperative
pain, opioid consumption, and treatment allocation. These
included demographic variables (age, sex, and body mass
index), baseline clinical status (ASA physical status, diabetes
mellitus, arterial hypertension, and chronic obstructive pul-
monary disease), surgical characteristics (type and duration
of surgery), and perioperative analgesic exposure (intrao-
perative doses of fentanyl, methadone, dexmedetomidine,
and magnesium sulfate). Variables with a direct impact on
postoperative pain and analgesic demand, including chest
tube presence/duration, length of ICU stay, and scheduled
opioid prescriptions during the first 36 postoperative hours,
were not incorporated. Covariate balance after weighting
was assessed using absolute standardized differences, with
values < 0.1 indicating adequate balance.

The propensity score model included only pre-treatment
variables selected a priori based on clinical relevance and
prior literature, namely demographic characteristics,
comorbidities, surgical factors, and intraoperative analgesic
exposure. Variables that occurred after treatment allocation
or were potentially influenced by the intervention (e.g.,
presence of a chest tube within the first 24 hours, ICU stay,
and postoperative analgesic prescriptions) were inten-
tionally excluded from the propensity score model to avoid
adjusting for mediators.

The final weighted outcome model (Table 1) was con-
structed to estimate the adjusted association between ESPB
use and postoperative opioid rescue, and additionally
included clinically relevant postoperative variables (e.g.,
chest tube presence within the first 24 hours) to account for
factors directly associated with postoperative pain and opi-
oid requirements. In particular, the presence of chest tube
within the first 24 hours was included as it is a well-recog-
nized contributor to postoperative pain and opioid consump-
tion, although it was not included in the propensity score
model as it may lie on the causal pathway between treat-
ment and outcome.

Absolute Standardized Differences (SD) were computed
to evaluate residual imbalances in measured covariates
after cohort weighting. A threshold of SD < 0.1 was inter-
preted as adequate covariate balance between groups. All
p-values were two-sided, and p < 0.05 was considered statis-
tically significant. Overlap assumptions were evaluated by
visually inspecting the distribution of estimated propen-
sity scores across treatment groups, confirming the pres-
ence of a common region of support. The distribution of
inverse probability treatment weights was examined to
identify potential instability or excessively large weights.
Because no extreme weights were observed, weight trun-
cation was not required. All statistical analyses were per-
formed using R Statistical Software (v4.0.1, The R
Foundation, Austria).

Results

A total of 86 patients underwent RATS lung resection during
the study period. After excluding 8 cases (6 for incomplete
records, 1 epidural anesthesia case, and 1 ESPB catheter dis-
lodgement), 78 patients were analyzed (45 in the ESPB group
and 33 in the GA alone group). The cohort had a mean age of
62 + 12 years and was 51.3% female. Demographic and clini-
cal characteristics are detailed in Table 2. Surgical proce-
dures included lobectomies (57.7%) and segmentectomies
(43.3%) (Fig. 1).
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Table 2 Patient characteristics, surgical procedures and
outcomes.
Age (years) 62.62 +12.69
BMI (kg.m?) 28.01 +5.14
ASA-PS Classification % (n)
| 3.8(3)
Il 78.2 (61)
1 17.9 (14)
Groups % (n)
General Anesthesia without Erector 42.3 (33)
Spinae Plane Block (GA)
General Anesthesia with Erector Spi- 57.7 (45)
nae Plane Block (ESPB)
Diabetes % (n)
No 79.5 (62)
Yes 20.5 (16)
Chronic Obstructive Pulmonary Dis-
ease (COPD) % (n)
No 85.9 (67)
Yes 14.1 (11)
Arterial Hypertension % (n)
No 44.9 (35)
Yes 55.1 (43)
Type of surgery % (n)
Thoracic Segmentectomy 42.3 (33)
Thoracic Lobectomy 57.7 (45)
Surgical duration (hours) 2.71+£1.02
Intensive Care Unit (ICU) in the Post-
operative Period % (n)
No 83.1 (64)
Yes 16.9 (13)
Duration of chest tube (Days) 1.88 +1.72
Chest tube in the first 24h % (n)
No 44.9 (35)
Yes 55.1 (43)
Chest tube in the first 48h % (n)
No 70.5 (55)
Yes 29.5 (23)
Rescue Opioids in the first 36h % (n)
No 66.7 (52)
Yes 33.3 (26)
Length of Hospital Stay (Days) 3.39+2.69

The primary outcome occurred in 33.3% of patients (26/78)
requiring rescue opioids within 36 hours. Unadjusted analysis
showed no significant difference between groups (ESPB 37.8%
vs. GA 27.3%, p = 0.46) (Table 3). Univariate regression analysis
showed no statistically significant associations between post-
operative rescue opioid requirements and the evaluated clini-
cal variables; chest tube presence within the first 24 hours did
not reach statistical significance (p = 0.08) (Table 4). Propen-
sity-weighted analysis identified significant associations: ESPB
use was associated with a lower likelihood of postoperative
opioid rescue (OR = 0.57; 95% ClI 0.32—-0.79, p = 0.01), and
chest tube presence within the first 24 hours was associated
with increased odds of postoperative opioid rescue (OR = 2.32;
95% Cl 1.22—4.20, p = 0.03) (Table 1). Based on marginal pre-
dicted probabilities derived from the IPTW-weighted model,
ESPB was associated with a 9.7% absolute reduction (95% CI 3.0

to 16.0) in the risk of postoperative rescue opioid consumption
within 36 hours. Covariate balancing after propensity score
weighting yielded standardized differences that remained
within accepted thresholds (Fig. 2).

Notably, the ESPB group received significantly fewer
scheduled opioids in the first 24 hours (33% vs. 72%, p <
0.05) and 36 hours (40% vs. 75%, p < 0.05) (Table 3). More-
over, 42.2% of ESPB patients required no opioids on postop-
erative day one versus 9% in the GA group (p = 0.003). Early
moderate-severe pain (first hour) occurred in 11.9% of cases,
with no group difference (GA 14.8% vs. ESPB 10%, p = 0.83).

No significant intergroup differences were observed in
intraoperative medications (fentanyl, methadone, dexme-
detomidine, magnesium sulfate; all p > 0.20), hospital stay
duration (mean 3.5 + 2.4 GAvs. 3.3 + 2.9 ESPB, p = 0.70),
and chest tube days (mean 1.98 + 1.82 GA vs. 1.80 + 1.67
ESPB, p = 0.65) (Table 3).

Discussion

The present dual-center retrospective study evaluated the
effectiveness of the ESPB as part of an opioid-sparing strat-
egy in patients undergoing RATS. Our findings suggest that
ESPB use was associated with lower postoperative opioid
requirements in the first 24 and 36 hours.

Epidural analgesia, traditionally considered the gold stan-
dard for thoracic procedures, presents well-documented com-
plications, including hypotension, urinary retention, and
technical difficulties, particularly in minimally invasive sur-
geries where the risk-benefit balance has shifted.® Paraverte-
bral blocks, although rare, also carry risks of pleural puncture
and pneumothorax, which are less acceptable in the current
surgical context.® In this scenario, ESPB emerges as a promis-
ing alternative, with a favorable safety profile, ease of execu-
tion, and minimal risk of serious complications, as evidenced
in large case series and systematic reviews,> %18

However, despite its increasing popularity, ESPB’s exact
mechanism of action remains a subject of debate. Several
cadaver and Magnetic Resonance Imaging (MRI) studies have
demonstrated inconsistent spread patterns of local anes-
thetics, with variable diffusion into the paravertebral, epi-
dural, and intercostal spaces.””'? The lack of reliable
paravertebral or epidural spread raises questions about the
primary mechanisms through which ESPB exerts its analgesic
effects. While MRI studies (e.g., Schwartzmann et al.,®
Sgrenstua et al.)'? have confirmed some degree of paraver-
tebral dissemination, clinical sensory blockade is often
unpredictable.’® This suggests that mechanisms such as
dampening of dorsal rami nociceptive input and systemic
absorption of local anesthetics may also play significant roles
in ESPB’s analgesic effect.

Our study contributes to this discussion by demonstrating
that even in RATS, where surgical incisions often extend
beyond the expected dermatomal coverage of ESPB, the
block was associated with opioid-sparing outcomes. These
findings are consistent with a prior case series by Cavaleri et
al." and with the randomized clinical trial by Finnerty et
al.,"® both of which reported improved postoperative anal-
gesia with ESPB in minimally invasive thoracic procedures.
Notably, Finnerty et al.’s randomized comparison between
ESPB and Serratus Anterior Plane (SAP) block demonstrated
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STROBE Flow Diagram

[ Enrollment

Assessed for eligibility (n= 86)

Excluded (n=8)
+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)
+ Other reasons (n=8)
- Incomplete medical records (n=6)
- Thoracic epidural analgesia (n=1)
- ESPB catheter dislodgement (n=1)

L

i ( Allocation W

A4

y

Allocated to GA alone (n=33)
+ Received allocated intervention (n=33)
+ Did not receive allocated intervention (n=0)

Allocated to GA + ESPB (n=45)
+ Received allocated intervention (n=45)
+ Did not receive allocated intervention (n=0)

A 4 ‘

Follow-Up ]

A 4

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0)

[ Analysis ]
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Figure 1
cohort study.

superior opioid-sparing effects with ESPB, supporting its
preferential use in thoracic surgery settings where deeper
analgesia is desired.

Propensity score weighting was employed to balance con-
founders (e.g., age, comorbidities, intraoperative medica-
tions), isolating the effect of ESPB on rescue opioid
requirements. The adjusted analysis showed that ESPB use
was associated with 43% lower odds of requiring rescue
opioids (OR = 0.57; 95% C1 0.32—0.79, p = 0.01) compared to
General Anesthesia (GA) alone (reference group: OR = 1.00).
Notably, this opioid-sparing effect persisted despite a com-
prehensive multimodal regimen that included systemic
agents like dexmedetomidine, magnesium sulfate, and
methadone, suggesting that ESPB may provide additive ben-
efits beyond systemic pharmacologic interventions.

The discrepancy between the unadjusted and IPTW
adjusted analyses was expected and likely reflected con-
founding inherent to the retrospective design and the non-
randomized allocation of ESPB. Patients were not random-
ized to receive ESPB, and although they were not selected
according to baseline clinical characteristics, the choice of

Analyzed (n=45)
+ Excluded from analysis (n=0)

STROBE flow diagram illustrating patient screening, exclusions, and group allocation in this retrospective dual-center

multimodal analgesic strategy, including the decision to per-
form ESPB, was made at the discretion of the attending
anesthesiologist. This clinical decision-making process,
influenced by anticipated surgical pain and intraoperative
considerations, may have contributed to differences in peri-
operative management that obscured the true association in
the crude analysis. Variability in intraoperative opioid titra-
tion, use of adjunct analgesics, and postoperative prescrib-
ing practices may therefore have biased the unadjusted
estimates toward the null. IPTW successfully improved
covariate balance across measured pre-treatment factors,
enabling a more accurate estimation of the independent
association between ESPB and postoperative opioid require-
ments. Although the unadjusted analysis did not demon-
strate statistical significance, the adjusted results were
consistent with clinical plausibility and aligned with previ-
ously published evidence.'"7:1°

Methadone should be specifically addressed in the Discus-
sion due to its pharmacological properties, particularly its
long elimination half-life and potential prolonged analgesic
effects. In this study, methadone was administered as a



Brazilian Journal of Anesthesiology 2026;76(4): 844770

Table 3

Patient characteristics, surgical procedures and outcomes of 78 patients undergoing robotic thoracic surgery according

to whether they had received Erector Spinae Plane Block with general anesthesia (ESPB) or not (GA).

Age (years)® 65.04+10.8 60.8 +13.7 0.15
Gender %(n) 0.88
Female 51.5 (17) 51.1 (23)

Male 48.5 (16) 48.9 (22)

BMI (kg.m"%)? 27.1+5.3 28.6 +4.9 0.22
ASA-PS classification”

| 0.0 (0) 6.7 (3) 0.31
Il 81.8 (27) 75.6 (34)

1l 18.2 (6) 17.8 (8)

Hypertension® 57.6 (19) 53.3 (24) 0.32
Diabetes® 27.3(9) 15.6 (7) 0.88
copD® 15.2 (5) 13.3(6) 0.99
Postoperative prescription of pregabalin® 87.9 (29) 80.0 (36) 0.53
Type of surgery® 0.98
Thoracic Segmentectomy 42.4 (14) 42.2 (19)

Thoracic Lobectomy 57.6 (19) 57.8 (26)

Surgical duration (hours)® 2.60+1.3 2.8+0.78 0.38
ICU in the postoperative period® 27.3 (9) 9.1 (4) 0.07
Duration of chest tube (days)? 1.9+1.8 1.8+ 1.6 0.65
Chest tube in the first 24 hours® 51.5 (17) 57.8 (26) 0.75
Chest tube in the first 48 hours® 36.4 (12) 24.4 (11) 0.37
Scheduled opioid prescription (first 24h)*° 72.7 (24) 33.3(15) 0.001
Scheduled opioid prescription (first 36h)*? 75.8 (25) 40.0 (18) 0.004
Postoperative opioids rescue® 0.46
No 72.7 (24) 62.2 (28)

Yes 27.3(9) 37.8 (17)

Dose of fentanyl® (mcg)® 258.3+97 235 + 41.1 0.50
Dose of methadone® (mg)? 12.44+4.8 13.8 + 4.1 0.26
Dose of dexmedetomidine“(mcg)? 95.6 +69.5 105.5 4+ 56.8 0.53
Dose of magnesium sulfate“(mg)® 4000 & 1137.5 3555.6 +1318.8 0.22
Hospital length of stay (days)® 3.5+2.3 3.2+2.9 0.70

The American Society of Anesthesiologists Physical Status (ASA-PS classification); Confidence Interval (Cl); General Anesthesia without
Erector Spinae Plane Block (GA); General Anesthesia with Erector Spinae Plane Block (ESPB).
1 Postoperative rescue opioid requirement was defined as the occurrence of moderate to severe pain with the need for opioid analgesics

(morphine).

2 Values expressed as mean + standard deviation; #2 Standardized prescription with pre-defined scheduled dosing of oxycodone.

b Values expressed as % (n); p-values are based on regression analysis.

¢ Total cumulative dose of anesthetics administered during the intraoperative period.

single intraoperative dose and was similarly distributed
between groups, providing a comparable baseline analgesic
effect rather than differential exposure. Moreover, metha-
done dose was not independently associated with postopera-
tive rescue opioid consumption and was adjusted for in the
propensity score model. Notably, its concomitant adminis-
tration in both groups may have provided sustained back-
ground analgesia over the early postoperative period,
potentially attenuating differences in pain intensity
between groups and, consequently, reducing the observed
need for rescue opioids.

After adjustment, ESPB use was independently associated
with a significantly lower likelihood of postoperative rescue
opioid requirements, consistent with a clinically opioid-spar-
ing association. These findings are in line with Enhanced

Recovery After Surgery (ERAS) protocols for thoracic surgery,
which emphasize opioid-sparing strategies aimed at enhanc-
ing recovery and minimizing opioid-related adverse events,
such as respiratory depression, nausea, and ileus.'®

Notably, scheduled opioid prescriptions in the first 36 hours
differed significantly between groups (p = 0.004), reinforcing
the importance of standardized postoperative protocols. The
difference in scheduled opioid prescriptions likely reflects
provider-driven analgesic strategies determined after treat-
ment allocation, with ESPB use intentionally associated with
reduced fixed opioid dosing. Although patients managed with-
out ESPB and without scheduled opioids could theoretically
require more rescue analgesia due to less robust baseline pain
control, scheduled opioid prescription represents a post-
treatment variable and is better interpreted as a mediator
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Table 4

according to the postoperative rescue opioids requirements (univariate regression analysis).

Patient characteristics, surgical procedures and outcomes of 78 patients undergoing curative robotic thoracic surgery

Age (years) 62.6 +12.6 63.2+12 61.3+12.5 0.99 (0.95—1.3) 0.54

Gender

Female 1.00

Male 48.7 (38) 53.8 (28) 38.5 (10) 0.54 (0.2 — 1.38) 0.22

BMI (kg.m?) 28 £5.1 28 +4.5 27.8+6.2 0.99 (0.9 —1.09) 0.86

ASA-PS Classification

| 3.85(3) 3.8(2) 3.8 (1) 1.00

] 78.2 (61) 76.9 (40) 80.8 (21) 1.05 (0.1 —23.37) 0.97

[} 17.9 (14) 19.2 (10) 15.4 (4) 0.8 (0.06 —20.11) 0.87

Hypertension 55.1 (43) 55.8 (29) 53.8 (14) 0.93 (0.36 — 2.4) 0.87

Diabetes 20.5 (16) 23.1 (12) 15.4 (4) 0.61 (0.15 —1.98) 0.43

COPD 14.1 (11) 13.5(7) 15.4 (4) 1.17 (0.28 — 4.31) 0.82

Postoperative pregabalin 16.7 (13) 17.3(9) 15.4 (4) 0.87 (0.22 - 3) 0.83
prescription

Groups 0.13

GA 42.3 (33) 46.2 (24) 34.6 (9) 1.00

ESPB 57.7 (45) 53.8 (28) 65.4 (17) 1.62 (0.62 — 4.42)

Type of surgery 0.15

Thoracic Segmentectomy 42.3 (33) 48.1 (25) 30.8 (8) 1.00

Thoracic Lobectomy 57.7 (45) 51.9 (27) 69.2 (18) 2.08 (0.79 — 5.87)

Surgical duration (hours) 2.58 (2.19-3.17) 2.58 (1.9-3.19) 2.71 (2.42-3.15) 1.17 (0.73 - 1.9) 0.50

ICU in the postoperative period 16.8 (13) 19.2 (10) 11.5(3) 0.53 (0.11 —1.96) 0.38

Duration of Chest Tube (days) 1.8+1.7 1.9+1.8 1.8+ 1.6 0.99 (0.74 —1.3) 0.96

Chest tube in the first 24h 55.1 (43) 48.1 (25) 69.2 (18) 2.43 (0.92 — 6.85) 0.08

Chest tube in the first 48h 29.4 (23) 38.4 (10) 25 (13) 1.87 (0.68 — 5.17) 0.22

Schedule opioid prescription 50 (39) 50 (26) 50 (13) 1(0.39 —2.58) 1.00
(first 24h)°

Schedule opioid prescription 55.1 (43) 53.8 (28) 57.7 (15) 1.17 (0.45 — 3.07) 0.75
(first 36h)°

Dose of fentanyl (mcg) 328.7 +£229.8 346 + 260.5 275 + 65.4 0.48 (0.17 — 1.27) 0.15

Dose of methadone® (mg) 13.4+4.3 12.9 £ 4.6 14.6 +£3.6 1.1(0.97 — 1.26) 0.16

Dose of dexmedetomidine® (mcg) 101.5 + 61.8 100.5 + 58.7 103.8 £ 69.4 1(0.99 —1.01) 0.84

Dose of Magnesium Sulfate® (mg) 3703.7 + 1268.2 3562.5 + 1389.6 3909 + 1064.9 1(0.99 —1.11) 0.32

Body Mass Index (BMI) (kg.m2); The American Society of Anesthesiologists Physical Status (ASA-PS classification); Confidence Interval (Cl);
General Anesthesia without Erector Spinae Plane Block (GA); General Anesthesia with Erector Spinae Plane Block (ESPB).
2 Postoperative rescue opioid requirement was defined as the occurrence of moderate to severe pain with the need for opioid analgesics

(morphine) in the first 36h.

b Standardized prescription with pre-defined scheduled dosing of oxycodone.
¢ Total cumulative dose of anesthetics administered during the intraoperative period.
"Values expressed as mean -+ standard deviation.

Zvalues expressed as %(n); p-values are based on regression analysis.

rather than a traditional confounder. Importantly, scheduled
opioid consumption was not independently associated with
rescue opioid requirements in univariate analysis (Table 4),
suggesting that postoperative prescribing practices alone are
unlikely to explain the adjusted opioid-sparing effect of ESPB,
while a residual influence cannot be entirely excluded.

The lack of early (first hour) differences in moderate-to-
severe pain incidence may be attributed to the multimodal
analgesia administered intraoperatively, consistent with
previous findings."” Conversely, the presence of chest tubes
in the first 24 hours significantly increased the odds of
requiring opioid rescue, underscoring their well-known

contribution to postoperative discomfort.?’ While ESPB pro-
vided a protective effect, its ability to fully counteract chest
tube-induced pain may be limited, reinforcing the need for
comprehensive multimodal approaches.

Limitations

This study has several limitations. lts retrospective design
inherently introduced the risk of selection bias, information
bias, and heterogeneity in perioperative management.
Although propensity score weighting was used to mitigate mea-
sured confounding, residual confounding from unmeasured
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Figure 2

Standardized differences, prior to and following inverse probability-weighting. Abbreviations: Body Mass Index (BMI)

(kg.m2); Chronic Obstructive Pulmonary Disease (COPD); The American Society of Anesthesiologists Physical Status (ASA-PS classifica-

tion).

variables could not be fully excluded. Patients were not ran-
domized to receive ESPB; instead, anesthesiology coverage
was determined by standard departmental scheduling, which
may have introduced differences in perioperative management
practices across providers. Furthermore, the relatively small
sample size may have increased the risk of unstable propensity
score weights and model sensitivity, potentially influencing
effect estimates. Despite efforts to minimize selective applica-
tion of ESPB, confounding by indication related to the choice of
ESPB versus general anesthesia alone remained a potential lim-
itation inherent to this observational study.

Sensory block mapping was not performed, precluding
direct correlation between dermatomal coverage and anal-
gesic efficacy. Intraoperative opioid selection was not fully
standardized; although methadone was similarly distributed
between groups and adjusted for in the propensity score
model, its prolonged and variable pharmacokinetics may
have contributed to background analgesia in both groups.
Scheduled postoperative opioid prescriptions represented
post treatment variables and may have acted as mediators
rather than traditional confounders, although they were not
independently associated with rescue opioid requirements
in univariate analysis. In addition, pain scores were not con-
sistently documented in the medical records, and in some
cases only analgesic administration was available, preclud-
ing detailed analysis of pain trajectories over time.

All analyses were conducted using complete case data
because patients with incomplete medical records were
excluded prior to analysis; although the number of exclu-
sions was small, this approach may still have introduced
selection bias and should be acknowledged as a methodolog-
ical limitation. Finally, although no formal sensitivity analy-
ses were performed due to sample size constraints,

inspection of the propensity score distributions and inverse
probability treatment weights did not suggest instability or
undue influence of extreme weights. Nevertheless, the
absence of additional formal robustness assessments should
be considered when interpreting the results.

Generalizability

The generalizability of these findings should be interpreted
with caution. This retrospective analysis included a limited
sample of patients undergoing elective RATS for lung cancer
at two high-volume tertiary centers, all managed by experi-
enced surgical and anesthesiology teams following ERAS-
aligned protocols. The ESPB technique was standardized in
terms of puncture level, dosing, and continuous infusion,
which strengthens internal validity but may limit applicabil-
ity to lower-volume institutions or settings with less exper-
tise in ultrasound-guided regional anesthesia. Furthermore,
the exclusion of emergency cases and patients with chronic
pain or prior opioid consumption restricts extrapolation to
more complex populations or larger thoracic procedures.
Prospective multicenter studies are warranted to validate
these findings across diverse practice environments.

Conclusion

In this retrospective cohort, ESPB was associated with
reduced postoperative opioid requirements in patients under-
going robotic thoracic surgery. Although these findings support
ESPB as a potentially valuable component of multimodal, opi-
oid-sparing analgesic strategies aligned with ERAS principles,
causality cannot be established due to the observational
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design. Residual confounding and variability in perioperative
analgesic management may have influenced the observed
associations. Therefore, the role of ESPB in robotic thoracic
surgery should be further evaluated in prospective random-
ized trials with standardized analgesic protocols, detailed
sensory mapping, and long-term follow-up to confirm efficacy
and clarify underlying mechanisms.
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KEYWORDS Abstract

Blood component Background: Coronary Artery Bypass Grafting (CABG) in Jehovah’s Witness (JW) patients raises
transfusion; concerns regarding perioperative safety because of refusal of allogeneic blood transfusions. This
Coronary artery study evaluated the feasibility and short-term outcomes of CABG in JW patients and described
bypass; perioperative blood management practices.

Jehovah’s Witnesses; Methods: This retrospective observational study included 26 JW patients and 78 matched non-
Perioperative care; Jehovah’s Witness (non-JW) patients who underwent CABG at InCor HC-FMUSP between 2015
Transfusion-free and 2023. Propensity score matching at a 3:1 ratio based on age, sex, and preoperative hemoglo-
surgery bin was used to improve comparability. The primary outcome was 30-day all-cause mortality.

Secondary outcomes included 30-day stroke, myocardial infarction, and acute kidney injury; ICU
length of stay; perioperative red blood cell transfusion rates; postoperative hemoglobin and
hematocrit; intraoperative blood loss; and cardiopulmonary bypass time.

Results: No 30-day deaths occurred among JW patients, whereas three deaths occurred in the
non-JW group (OR = 0.45; 95% Cl 0.003—5.09; p = 0.575). No JW patient experienced stroke, and
one myocardial infarction occurred. JW patients had higher postoperative hemoglobin
(OR = 1.50; 95% CI 1.03—2.28; p = 0.032) and lower intraoperative blood loss (OR = 0.55; 95% CI
0.27—-0.98; p = 0.046). No JW patient received transfusion, whereas 17.9% and 12.8% of non-JW
patients required intraoperative and postoperative transfusions, respectively. ICU length of stay
was similar between groups.
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Conclusion: In this cohort, CABG in JW patients was feasible with acceptable short-term out-
comes. Outcomes were generally comparable between groups, acknowledging imprecision

related to the small JW sample.

© 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

Advances in cardiac surgery have substantially improved sur-
vival and quality of life among patients undergoing coronary
artery bypass grafting (CABG)." Despite these advances, clinical
management may be influenced by patient-specific factors,
including religious beliefs that restrict certain therapeutic
options. Jehovah’s Witnesses (JW), for example, refuse alloge-
neic blood transfusions for religious reasons, a decision that can
pose complex clinical and ethical challenges in procedures asso-
ciated with significant bleeding risk.23 In the context of CABG,
this refusal has traditionally raised concerns regarding perioper-
ative safety and, in some settings, has led to delays or even
denial of surgical treatment.*®

Although prior studies have reported acceptable CABG
outcomes in JW patients, most originate from selected pop-
ulations or high-resource centers. Data from public health-
care systems remain limited, particularly in contexts
characterized by prolonged waiting times and variable
access to blood conservation technologies. Our findings con-
tribute to evidence from such a setting.

Blood loss during CABG is a major determinant of periopera-
tive morbidity and mortality.” While transfusion practices were
historically liberal, contemporary evidence supports restrictive
strategies in cardiac surgery, emphasizing meticulous hemosta-
sis, judicious blood product use, and structured perioperative
care.®? For patients who refuse transfusion, these principles
are essential and require coordinated blood conservation
approaches, including preoperative anemia management,
intraoperative cell salvage, and pharmacologic optimization.

This study evaluated perioperative management, imple-
mentation of Patient Blood Management (PBM) strategies,
and short-term outcomes of JW patients undergoing CABG in
a contemporary public hospital using a retrospective, pro-
pensity-matched observational design, with focus on 30-day
morbidity and mortality.

Methods
Study design

This was a single-center, retrospective observational cohort
study comparing JW and non-JW patients undergoing iso-
lated CABG. This manuscript was prepared in accordance
with the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guideline. A completed
STROBE checklist is provided as supplementary material.

Ethics approval and consent

All JW patients underwent individualized preoperative
informed consent, during which acceptable and non-accept-
able blood products and hemostatic agents were discussed

and documented in the medical record, in accordance with
patient autonomy and institutional ethical standards. Owing
to the retrospective design, no standardized registry
allowed systematic determination of how many patients
explicitly consented to transfusion in life-threatening situa-
tions, although such discussions were part of routine care.

This retrospective observational study used anonymized
medical record data without direct patient contact. The
requirement for informed consent was waived by the Ethics
Committee (Approval n° 7.441.177; CAAE 85677324.
8.0000.0068; March 14, 2025).

Participants

We included 26 JW and 78 matched non-JW patients who
underwent isolated CABG at the Heart Institute, University
of Sao Paulo, between January 2015 and December 2023.

Inclusion and exclusion criteria

Adults (> 18 years) undergoing first-time isolated CABG were
included. Patients undergoing reoperation or combined pro-
cedures (e.g., valve or aortic surgery) were excluded.

Patient selection

The JW cohort (n = 26) comprised all consecutive JW
patients undergoing isolated CABG during the study period.
No a priori sample size calculation was performed, as this
represented the total eligible JW population. Controls were
selected in a 1:3 ratio from 566 non-JW patients who under-
went isolated CABG by the same surgeon during the same
period. As this surgeon is the only operator performing car-
diac surgery in JW patients at our institution, restricting
controls to his case list was intended to reduce surgeon-
related variability and improve comparability before pro-
pensity score matching. The screening and matching process
is summarized in the Figure 1 below.

Statistical analysis

To address the sample size disparity between JW and non-JW
patients, Propensity Score Matching (PSM) was performed
using age, sex, and preoperative hemoglobin.'®'" We used
nearest-neighbor matching, without replacement and with-
out a caliper restriction. The case-to-control ratio was
selected via a simulation-based power analysis evaluating
ratios from 1:1 to 5:1."2 In each simulation, a continuous
predictor and a binary outcome with fixed log-odds were
generated using 26 cases and varying control ratios. Firth-
penalized logistic regression was fit in 500 simulations per
scenario, with power defined as the proportion of p-values <
0.05."3 As shown in Figure 2, power plateaued at a 3:1 ratio,
which was adopted.
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Patient Selection Flowchart
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Figure 1

Matched Controls
n=78

Flow diagram of patient selection and matching CABG, Coronary artery bypass grafting. Patients excluded from the initial

screening (n = 34) consisted of reoperations or combined procedures. Propensity score matching was performed using a 1:3 ratio to

ensure balanced baseline characteristics.

Baseline demographic and clinical characteristics were
compared between JW and non-JW patients using Chi-square
tests for categorical variables and t-tests or Mann-Whitney U-
tests for normal and non-normal continuous variables, respec-
tively. Logistic regression compared groups across pre-, intra-,
and postoperative outcomes. More specifically, in each model,
group was modeled as the dependent variable and the respec-
tive clinical outcome as the independent variable. Models
were additionally adjusted for age, sex, and preoperative
hemoglobin to account for residual imbalance after match-
ing.™ Firth’s correction was used due to binary outcomes with
rare events (including zero counts) like transfusion and
death."® The Shapiro-Wilk test assessed normality of continu-
ous variables; non-normal variables were log-transformed.
Odds Ratios (ORs) were calculated by exponentiating model
coefficients, with 95% Confidence Intervals estimated via pro-
file likelihood; p-values were not adjusted for multiple com-
parisons to preserve statistical power.

We performed a sensitivity analysis to assess the poten-
tial impact of clinical characteristics on the assessed out-
comes. This was done by including all of the available
clinical characteristics (EuroSCORE II, ASA status, LVEF
< 50%, diabetes, and hypertension) in the logistic regression
models and re-running them. Given its role as a validated
composite predictor of surgical mortality and morbidity in
CABG, adjustment for EuroSCORE Il was considered the main

analytic framework for outcome estimation. This approach
was selected to provide clinically meaningful risk adjust-
ment beyond the matching variables while preserving model
stability in a small sample.

Because of the small number of JW patients and the risk
of model overparameterization, the propensity score was
restricted to key baseline variables directly associated with
transfusion exposure and perioperative risk. EuroSCORE I,
as a composite risk index, was included in regression adjust-
ment models rather than in the matching algorithm to main-
tain balance and model stability.

There were no missing data for variables included in the
analysis. All analyses were conducted using R (R Core Team,
2025) using the Matchlt' and Logistf packages.'®

Predictors

Preoperative predictors

Included age, sex, American Society of Anesthesiologists
(ASA) status (1—5), EuroSCORE II, preoperative Hemoglobin
(Hb) and Hematocrit (Ht) measured the day before surgery,
and comorbidities (diabetes mellitus, hypertension, dyslipi-
demia, Coronary Artery Disease [CAD], and heart failure
with Left Ventricular Ejection Fraction [LVEF] < 50%).
Reported Hb values reflect measurements obtained immedi-
ately before surgery and therefore incorporate any
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Simulation-based power analysis for defining the best control-to-case ratio to be used in propensity score matching. Each

panel shows power estimates (+95% Cl) as a function of the control-to-case ratio (x-axis), assuming a fixed number of cases (n=26)
and a corresponding fixed number of controls (n = ratio x 26). Panels (a—c) show scenarios with OR < 1 (protective effects), and pan-
els (d—f) show OR > 1 (risk effects). Each curve is based on 500 simulations. Power increases with larger control-to-case ratios, with

diminishing gains beyond a 1:3 ratio.

preoperative optimization, including iron or erythropoie-
tin when used. Diabetes, hypertension, and dyslipidemia
were defined by prior diagnosis or ongoing pharmacologic
treatment. CAD was defined as prior myocardial infarc-
tion, coronary revascularization, or angiographically con-
firmed disease. Left ventricular dysfunction was defined
as LVEF < 50%.

Perioperative blood management

Preoperative anemia optimization differed between groups.
In JW patients, iron and erythropoietin were used selectively
based on Hb levels, surgical urgency, and patient consent.
When erythropoietin was administered, surgery was per-
formed after achieving clinically acceptable Hb levels (typi-
cally > 12.0 g.dL™"), balancing optimization with urgency. In
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non-JW patients, anemia management followed routine insti-
tutional practice without a standardized protocol. Tranexamic
acid was routinely administered intraoperatively according to
institutional CABG protocols. No additional hemostatic agents
were systematically used preoperatively in either group.

Transfusion policy

In the non-JW group, transfusion decisions were based on
multifactorial clinical assessment rather than a fixed Hb
threshold, incorporating active bleeding, hemodynamic
instability, tissue perfusion, and overall clinical context. In
this study, “transfusion” refers exclusively to allogeneic Red
Blood Cell (RBC) transfusion; use of plasma, platelets, or
other hemostatic agents (e.g., fibrinogen or prothrombin
complex concentrate) was not analyzed, representing a limi-
tation of the study. No JW patient required transfusion. Per
institutional policy, management prioritized blood conserva-
tion and avoidance of transfusion in accordance with docu-
mented patient preferences. A contingency plan allowed
RBC transfusion in life-threatening situations with imminent
risk of death after multidisciplinary discussion and ethical
review; no such cases occurred.

Intraoperative predictors

Included Cardiopulmonary Bypass (CPB) duration (< 60,
60—120, > 120 minutes), estimated blood loss, and intrao-
perative transfusion. All JW patients had access to intrao-
perative cell salvage. Among non-JW controls, cell-saver use
was available in 43 of 78 cases, reflecting institutional
resource availability rather than clinical selection. Perioper-
ative anticoagulant and antiplatelet management followed
institutional CABG protocols, including preoperative discon-
tinuation and postoperative resumption according to bleed-
ing and thrombotic risk. Blood loss was estimated by sponge
weight and suction volume, a commonly used method with
recognized limitations, including estimation error, occult
loss, and dilution by irrigation fluids.

Outcomes

The primary outcome was 30-day all-cause mortality. Second-
ary outcomes included 30-day stroke, Myocardial Infarction
(MI), and Acute Kidney Injury (AKI); duration of mechanical
ventilation; Intensive Care Unit (ICU) length of stay; periopera-
tive Red Blood Cell (RBC) transfusion; use of vasoactive drugs;
postoperative hemoglobin and hematocrit; intraoperative
blood loss; and Cardiopulmonary Bypass (CPB) time.

The first hemoglobin and hematocrit measurement after
ICU admission was used as the postoperative reference to
reduce confounding from repeated sampling or non-surgical
blood loss, acknowledging potential volemic shifts. Death
was defined as intraoperative or all-cause mortality within
30 days. Vasopressor use included norepinephrine, epineph-
rine, or vasopressin; inotropes included dobutamine,
epinephrine, or milrinone. Postoperative vasodilators (e.g.,
nitroprusside, nitroglycerin, hydralazine) were used for
blood pressure control.

Peri-procedural MI was defined according to contempo-
rary CABG criteria based on biomarker elevation with elec-
trocardiography or imaging evidence. Stroke was defined as
a new neurological deficit lasting > 24 hours, confirmed by

neuroimaging after clinical suspicion. AKI was defined per
Kidney Disease: Improving Global Outcomes (KDIGO) crite-
ria, using baseline creatinine measured within 48 hours pre-
operatively and assessed during the first 7 postoperative
days or until discharge.

Results
Demographic characteristics (Table 1)

Baseline demographic and clinical characteristics were com-
parable between groups. Mean age was similar in JW and
non-JW patients (63.3 vs. 63.1 years), and women repre-
sented 30.8% and 32.1% of each group, respectively. Euro-
SCORE Il values were also comparable (1.35 vs. 1.34),
indicating similar low-risk surgical profiles.

Ten JW patients received preoperative iron supplementa-
tion or erythropoietin, whereas none of the non-JW patients
underwent anemia optimization. Preoperative anemia,
defined according to WHO criteria (hemoglobin < 13.0 g.dL™
in males and < 12.0 g.dL™ in females), was present in four
JW patients (all male) and in 22 non-JW patients (15 males
and 7 females). In some cases, particularly among non-JW
patients, hemoglobin thresholds were not fully achieved;
however, values were close to reference ranges, and surgical
fitness was confirmed after multidisciplinary assessment
considering clinical stability, urgency, and public healthcare
constraints.

Group matching

PSM matched all 26 Jehovah’s Witness patients to 78 con-
trols. The median propensity score difference between each
matched case and their respective controls was < 0.001
(maximum: < 0.001), indicating near-exact matching.
Additionally, balance diagnostics revealed substantially
improved standardized mean differences between groups
after matching (distance: -0.002; age: 0.020; male sex:
0.013; preoperative hemoglobin: 0.025), whereas the corre-
sponding pre-matching differences were larger (up to
0.092). These results are shown in Figure 3.

Primary outcome: 30-day all-cause mortality

Regarding the primary outcome, no deaths occurred among
JW patients within 30 days, whereas three deaths were
observed in the non-JW group (Table 2). Estimates were
imprecise due to low event counts.

Secondary outcomes: major clinical events

Within 30 days, none of the JW patients experienced stroke,
and one MI (3.8%) was observed. AKI occurred in seven JW
patients (26.9%). In the non-JW group, one MI (1.3%), two
strokes (2.6%), and 29 cases of AKI (37.2%) were recorded
(Table 2 and Fig. 4). Differences between groups for these
outcomes were not statistically significant.
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Table 1 Baseline characteristics and preoperative data of Jehovah’s Witnesses and matched Control patients.

Demographics

Age (yr) 63.4(10.35) 63.2 (9.11) 0.647
Male sex, n (%) 18 (69.2) 53 (67.9) 0.903
Clinical Status

EuroSCORE Il 1.34 (0.87) 1.35 (1.40) 0.925
Preoperative hemoglobin (g.dL™) 13.7 (1.01) 13.3(1.58) 134
LVEF < 50%, n (%) 5(19.2) 15 (19.2) 1
ASA Physical Status, n (%)

Il 0(0.0) 11 (14.5) 0.387
I} 19 (73.1) 44 (57.9)

\% 7 (26.9) 21 (27.6)

Comorbidities, n (%)

Hypertension 22 (84.6) 70 (89.7) 0.478
Diabetes mellitus 14 (53.8) 41 (52.6) 0.910

Values are mean (SD) or number (proportion). p-values denote differences between groups using Student’s t-test or Mann-Whitney U-test
for continuous variables and Chi-Square or Fisher’s exact test for categorical variables. ASA, American Society of Anesthesiologists; LVEF,
Left Ventricular Ejection Fraction.

Secondary outcomes: transfusion and perioperative 95% C1 0-0.707; p = 0.02) and 10 non-JW (12.8%) received post-

blood management (Fig. 4) operative RBC transfusions (OR = 0.101; 95% Cl 0.0001-0.884;
p = 0.035), respectively; Table 2 and Fig. 2). Cell-saver use was
None of the 26 JW patients required intraoperative or postop- universal among JW patients (26/26, 100%) and was available

erative RBC transfusion. In contrast, 14 non-JW patients for 43 of 78 non-JW patients (55.1%).
(17.9%) received intraoperative RBC transfusions (OR = 0.056;
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Table 2

Logistic regression results adjusted for matching variables (age, sex, preoperative hemoglobin) + EuroSCORE II.

CPB duration (hours)® 2.04 (0.61)
Intraoperative bleeding (mL)? 241.76 (105.00)
Intraoperative transfusion 0 (0.0%)
Postoperative death 0 (0.0%)
Postoperative hb (g.dL™") 11.37 (1.26)
Postoperative hct (%) 34.77 (3.84)
Postoperative ICU stay (days)? 4.50 (3.68)
Postoperative myocardial 1(3.8%)
infarction
Postoperative renal 7 (26.9%)
dysfunction
Postoperative stroke 0 (0.0%)
Postoperative transfusion 0 (0.0%)

2.11 (0.54) 0.610 (0.202—1.601) 0.287
383.39 (230.51) 0.557 (0.272—0.996) 0.048°
14 (17.9%) 0.081 (0.001—0.804) 0.028°
3(3.8%) 0.427 (0.003—4.741) 0.543
10.49 (1.70) 1.491 (1.028—2.257) 0.035°
31.65 (4.87) 1.189 (1.048—1.374) 0.006¢
4.59 (4.58) 1.160 (0.565—2.335) 0.679
1(1.3%) 2.806 (0.208—37.974) 0.403
29 (37.2%) 0.625 (0.217—1.673) 0.355
2 (2.6%) 0.636 (0.004—9.738) 0.773
10 (12.8%) 0.097 (0.001—0.850) 0.032°

Data: mean [SD] for continuous variables, n (%) for categorical. OR, Odds Ratio; Cl, Confidence Interval. All models adjusted for matching

variables (age, sex, preoperative hemoglobin) + EuroSCORE II.

@ Log transformation applied when either group showed non-normality (Shapiro-Wilk p < 0.05). p-values are uncorrected.

® p<0.05.
¢ p<0.01.

Secondary outcomes: hematologic and
intraoperative variables (Fig. 4)

Preoperative hemoglobin levels were similar between groups
(13.70 vs. 13.20 g.dL"; p = 0.134). Postoperatively, JW
patients had higher hemoglobin (11.37 vs. 10.49 g.dL™;
OR =1.49; 95% Cl 1.02—2.25; p = 0.035) and hematocrit lev-
els (34.77% vs. 31.65%; OR = 1.18; 95% Cl 1.04—1.37;
p = 0.006). Cardiopulmonary bypass time was comparable
between groups. Intraoperative blood loss was lower in JW
patients (241 mL vs. 383 mL; OR = 0.55; 95% Cl 0.27—-0.99;
p = 0.048; Table 2 and Fig. 2).

Secondary outcomes: postoperative course (Fig. 4)

Duration of mechanical ventilation and intensive care unit
length of stay were similar between groups (Table 2).

Sensitivity analysis

Sensitivity analyses adjusting for additional clinical covari-
ates (EuroSCORE I, ASA status, LVEF < 50%, diabetes, and
hypertension; Table 1) yielded results consistent with the
primary models, without meaningful changes in effect esti-
mates (Supplementary Tables 1-5).

Discussion

This study describes perioperative management and short-
term outcomes of JW patients undergoing CABG within a pub-
lic tertiary healthcare system. Rather than providing defini-
tive estimates of safety for rare events, our findings primarily
offer an insight into the feasibility and implementation of
structured PBM strategies in a transfusion-restricted popula-
tion under routine public-hospital conditions.

The primary finding of this study concerns 30-day all-cause
mortality, with no deaths observed among JW patients and no

clear difference in estimated risk compared with non-JW
patients, acknowledging the limited power to detect rare
events. Beyond mortality, JW patients had lower exposure to
RBC transfusion, a finding consistent with prior observational
data and randomized evidence supporting restrictive transfu-
sion strategies in cardiac surgery. Studies such as those by
Chambault et al."” and the TRICS Il trial® have demonstrated
that restrictive transfusion approaches are not associated with
worse clinical outcomes and may reduce transfusion-related
risks. Within this framework, our results support the feasibility
of CABG in transfusion-restricted patients while reinforcing
the relevance of PBM principles, noting that these secondary
findings remain exploratory. Furthermore, the well-established
risks associated with allogeneic transfusion, including infec-
tion, immune modulation, and increased morbidity and mor-
tality, support the rationale for restrictive transfusion
strategies, as demonstrated in landmark trials by Carson et
al.®and Hébert et al."®

In addition, JW patients presented with higher postopera-
tive hemoglobin levels and lower intraoperative blood loss
compared with matched controls. These findings are consis-
tent with structured blood conservation efforts and
enhanced perioperative vigilance. As highlighted by Shander
et al.," the JW population played a key role in the develop-
ment of PBM principles, with implications extending beyond
religious contexts.?’ For patients who categorically refuse
transfusion, strategies such as meticulous hemostasis, avoid-
ance of unnecessary hemodilution, intraoperative cell sal-
vage, and pharmacologic optimization are essential. When
applied systematically, these principles may also benefit the
broader CABG population, although their direct impact on
hard clinical outcomes remains uncertain.

At our institution, surgical eligibility for JW patients did not
rely on a fixed hemoglobin cutoff and decisions were individu-
alized. We agree that higher preoperative hemoglobin levels
are desirable and may offer greater physiological reserve in
transfusion-restricted patients. However, optimal Hb targets
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Figure 4 Comparison of intraoperative and postoperative variables between Jehovah’s Witnesses and matched controls. Continu-
ous variables (a, b, d, e, and h) are shown as violin plots, while categorical variables (c, f, g, i, j, and k) are shown as bar plots. Statis-
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depend on multiple patient- and procedure-related factors,
including body size, surgical complexity, characteristics of
extracorporeal circulation, and anticipated blood loss.
Accordingly, Hb optimization in this cohort was individualized
rather than protocol-driven, balancing these factors with clin-
ical urgency and institutional constraints. Although Vaislic et
al.?! proposed a preoperative Hb > 14 g.dL", applying this
threshold to our cohort would have excluded 42% of JW
patients from surgery, despite the absence of clear differences
in short-term outcomes compared with those with higher
baseline Hb. This observation may suggest that rigid Hb crite-
ria may unnecessarily delay or preclude surgical treatment
without clear evidence of benefit.

Consistent with the individualized approach to preopera-
tive hemoglobin optimization, perioperative transfusion

decisions were not based on isolated numeric thresholds.
Hemoglobin values were not used as absolute triggers, as
acute blood loss with hemodynamic instability may precede
measurable hematimetric decline. Likewise, hemodynamic
criteria were not defined by rigid cutoffs for vasoactive drug
dose, blood pressure, or cardiac output, given interindividual
variability in physiologic tolerance. Point-of-care testing was
routinely employed intraoperatively and postoperatively to
assess hematologic and coagulation parameters when indi-
cated; however, transfusion decisions ultimately relied on
clinical judgment and multidisciplinary discussion, reflecting
standard practice in cardiac surgery where timely interven-
tion is essential.

This study has important limitations. Although PSM was
applied, residual confounding cannot be excluded, particularly
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given the small JW cohort and limited overlap of some periop-
erative exposures. Differences in access to intraoperative
blood conservation strategies also represent a key limitation:
all JW patients had cell-saver availability, whereas only a sub-
set of non-JW controls did, potentially favoring outcomes in
the JW group and limiting causal interpretation. Stroke diagno-
sis was based on clinically triggered neuroimaging rather than
systematic screening, and peri-procedural myocardial infarc-
tion was defined according to contemporary CABG-specific cri-
teria. These factors may have led to under-ascertainment of
asymptomatic events. The single-center, single-surgeon design
reduces procedural variability but limits generalizability to
other settings. Finally, multiple secondary and exploratory out-
comes were analyzed without adjustment for multiplicity;
given the limited sample size and imprecision for rare events,
these findings should be interpreted as hypothesis-generating.
Larger multicenter studies are needed to provide more precise
estimates of the impact of blood management strategies on
infrequent but clinically relevant outcomes.

Taken together, the observed findings suggest that struc-
tured preoperative preparation, meticulous intraoperative
blood conservation, and restrictive transfusion practices
may contribute to the generally similar short-term outcomes
observed between JW and non-JW patients undergoing
CABG. Rather than implying superiority or causality, these
results highlight the potential value of applying PBM princi-
ples more broadly in contemporary cardiac surgery. Future
multicenter, prospective studies are warranted to confirm
these observations, better account for residual confounding,
and further define the role of blood management strategies
across diverse clinical and healthcare settings.

Conclusion

In this retrospective observational study conducted in a pub-
lic tertiary hospital, CABG in Jehovah’s Witness patients was
feasible and associated with acceptable short-term out-
comes. Despite system constraints, outcomes were generally
comparable to those observed in non-JW patients, acknowl-
edging the imprecision related to the small sample size.
Rather than implying superiority, these findings highlight the
relevance of structured PBM strategies in contemporary car-
diac surgery. Further multicenter, prospective studies are
warranted to confirm these observations and better define
the role of PBM in diverse public healthcare settings.
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KEYWORDS Abstract

Artificial intelligence; Background: The aim of this study was to evaluate the effectiveness of two general-purpose
Decision making; Large Language Models (LLMs), ChatGPT and Gemini, in predicting Intensive Care Unit (ICU) dis-
Decision support sys- charge decisions (discharge vs. non-discharge). By comparing their outputs with decisions made
tems, Clinical; by ICU physicians, we sought to determine the alighment of Al-generated recommendations with
Intensive care units; expert clinical judgment and assess their potential as decision-support tools in critical care.
Natural language Methods: This prospective observational cohort study was conducted in a tertiary ICU between
processing; September 2024 and May 2025. Adult patients (> 18 years) requiring ICU discharge decisions
Patient discharge were included. Standardized clinical prompts were generated from electronic health records

and input into ChatGPT and Gemini. The models’ binary discharge decisions were compared to
those of ICU physicians. Model performance was assessed using accuracy, sensitivity, specificity,
F1 score, Cohen’s kappa, and McNemar’s test. Discharge was defined as the positive class for all
diagnostic performance analyses.

Results: A total of 398 patients were analyzed. ChatGPT demonstrated higher accuracy than
Gemini (87.2% vs. 66.3%), with higher sensitivity (85.9% vs. 46.9%) and F1 score (0.890 vs.
0.628), whereas Gemini showed higher specificity (96.2% vs. 89.2%). Agreement with clinician
decisions was substantial for ChatGPT (« = 0.737, p = 0.024) and fair for Gemini (« = 0.379, p <
0.001). Laboratory markers such as lactate, hemoglobin, and procalcitonin significantly differed
between discharged and non-discharged patients.
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Conclusion: Large language models may support ICU discharge decisions when guided by struc-
tured, guideline-informed prompting. ChatGPT achieved higher overall accuracy, sensitivity, and
F1 score, whereas Gemini demonstrated higher specificity.

Trial registration: Externation (Discharge) of ICU, NCT06584890, registered 03 September 2024,
prospectively registered, https://register.clinicaltrials.gov/prs/beta/studies/SO00EVXZ00000029/

recordSummary.

© 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

The Intensive Care Unit (ICU) plays a central role in the man-
agement of critically ill patients, yet the decision to dis-
charge patients from the ICU remains one of the most
complex and high-stake challenges in clinical practice.’ Pre-
mature discharge may result in readmissions and increased
mortality, whereas delayed discharge can lead to inefficient
resource utilization, bed shortages, and unnecessary
costs.""? Clinical guidelines such as those from the Society of
Critical Care Medicine (SCCM)* and expert recommendations
emphasize the importance of both physiological stability
and organizational factors relevant to ICU discharge deci-
sions.* However, the application of these criteria often
varies depending on clinician experience and institutional
practices, highlighting the need for standardized, objective
decision-support mechanisms.

In recent years, Large Language Models (LLMs) like
ChatGPT and Gemini have demonstrated promising capabili-
ties in interpreting clinical data and providing recommenda-
tions across various domains of medicine.>® Despite their
general-purpose design, Large Language Models (LLMs) may
assist clinicians by synthesizing complex clinical data and
providing structured guidance, particularly for decisions like
ICU discharge. However, their accuracy and reliability in this
context remain insufficiently studied, and real-world inte-
gration requires further evaluation. This study aimed to
evaluate the effectiveness of two general-purpose Al mod-
els, ChatGPT and Gemini, in predicting ICU discharge status
(discharge vs. non-discharge) by comparing their outputs
with ICU physicians’ decisions, and assessing whether struc-
tured, guideline-based prompts improve clinical alighment.

Methods
Study design

This was a prospective observational cohort study conducted
to evaluate the effectiveness of general-purpose Artificial
Intelligence (Al) models, specifically ChatGPT and Gemini, in
predicting Intensive Care Unit (ICU) discharge decisions. The
study was designed in accordance with the principles of the
Declaration of Helsinki. Approval was obtained from the
institutional ethics committee prior to data collection
(KAEK-2024.08.175), and the study was registered on Clini-
calTrials.gov (NCT06584890). Written informed consent was
obtained from all patients or their legal representatives
before enrollment.

The study was conducted in the Intensive Care Unit (ICU)
of a tertiary care hospital. Data collection was performed

between September 15, 2024, and May 26, 2025. During this
period, all eligible ICU admissions were prospectively
screened and evaluated on a daily basis for inclusion in
the study. The study was strictly non-interventional; Al-
generated outputs were not disclosed to the clinical teams
and had no impact on patient management or discharge
decisions.

During the preparation of this manuscript, the authors
used ChatGPT-4o only to improve language readability. The
authors reviewed and edited the content as needed and
take full responsibility for the scientific content of the
manuscript.

Participants

All adult patients (aged > 18 years) admitted to the ICU dur-
ing the study period were screened for eligibility. Inclusion
required the availability of sufficient clinical and demo-
graphic data in the Electronic Health Records (EHR). Two
patient groups were defined: 1) Those discharged from the
ICU, for whom data from the day of discharge were used;
and 2) Those who remained in the ICU and who died during
ICU stay, for whom data from the day prior to death were
analyzed. This approach allowed the models to be exposed
to both successful and unsuccessful ICU courses.

For patients considered appropriate for ICU discharge, all
predefined clinical, physiological, and laboratory variables
were systematically recorded from the day of discharge.
Likewise, for patients who subsequently died in the ICU, cor-
responding data were collected in the same standardized
manner from the day prior to death. Because data collection
was integrated into daily ICU visits and extracted directly
from the EHR system, all included patients had complete
data for the predefined study variables. ICU readmission was
defined as any return to the ICU within 24 hours of ICU dis-
charge and was ascertained using electronic bed-transfer
records. Patients were excluded if key clinical data were
missing, if they were admitted for palliative or end-of-life
care, or if informed consent was not obtained.

Variables

The primary outcome was ICU discharge status (discharge vs.
non-discharge). Model performance was evaluated by com-
paring Al-generated discharge decisions with physician deci-
sions. The non-discharge group included both patients who
remained in the ICU and those who subsequently died, for
whom clinical data from the day prior to death were ana-
lyzed. The study was designed to evaluate whether contem-
porary LLM-based systems, when implemented using
clinically applicable prompting strategies, can meaningfully
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align with physician ICU discharge decisions. For all diagnos-
tic performance analyses, discharge was defined as the posi-
tive class. Accordingly, sensitivity, specificity, accuracy, and
F1 score were calculated based on this definition.

Predictor variables included demographic data (age, gen-
der, comorbidities), clinical indicators (diagnosis, reason for
ICU admission), physiological variables (vital signs, Glasgow
Coma Scale, ventilator use, inotropic support), laboratory
findings (hemoglobin, lactate, creatinine, procalcitonin),
and imaging results.

Subgroup analysis (clinically borderline patients)

A prespecified subgroup analysis was conducted to evalu-
ate model performance in clinically borderline patients,
representing cases in which ICU discharge decisions are
more challenging and less clinically obvious. Borderline
patients were defined as those who were not mechani-
cally ventilated, not intubated, not receiving vasopressor
or inotropic support, not on high-flow nasal oxygen ther-
apy, and who were conscious and able to maintain spon-
taneous respiration.

To avoid inclusion of clinically obvious low-risk cases,
patients who were breathing comfortably on room air with a
respiratory rate < 20 lt; 20 breaths/min, had stable hemody-
namics (mean arterial pressure > 65 mmHg and systolic
blood pressure < 180 mmHg), and showed no signs of respira-
tory distress or neurological impairment were excluded from
the borderline subgroup.

Data sources and measurement

Data were extracted from the hospital’s EHR system and
anonymized prior to analysis. All clinical measurements,
including laboratory results, vital signs, and physical exami-
nation findings, were obtained using standardized hospital
protocols to ensure consistency. To evaluate ICU discharge
decisions, both models received identical standardized case
scenarios derived from the EHR. ChatGPT was accessed
through a preconfigured custom GPT that incorporated
guideline-based structured instructions and a fixed output
framework, such that only the patient scenario was entered
for each case. In contrast, Gemini was used in its default
interface, and the same standardized prompt text was man-
ually entered together with the patient scenario for each
evaluation, without any model-level customization or
enforced output structure. These prompts were designed to
simulate real-time decision-making and included the follow-
ing components (Supplementary Material 1, Supplementary
Material 2, Supplementary Material 3):

e Demographics (age, sex, comorbidities)

e Reason for ICU admission

e Vital signs (heart rate, blood pressure, respiratory rate,
Sp0,)

¢ Neurological status (Glasgow Coma Scale)

e Laboratory values (hemoglobin, creatinine, lactate, pro-
calcitonin)

e Mechanical support (mechanical ventilation, inotropic use)

e Physical exam findings (general appearance, respiratory
effort, consciousness, edema, signs of hemodynamic
instability, abdominal findings).

GPT model

To evaluate ICU discharge decisions (discharge vs. non-dis-
charge), a custom GPT-based model was developed using
structured prompts derived from two key guidelines: the
Society of Critical Care Medicine (SCCM) guidelines on ICU
admission, discharge, and triage,® and the Plotnikoff et al.’
framework on discharge planning and communication. The
model was instructed to evaluate patient cases using a stan-
dardized five-section output format: 1) Clinical Stability
(based on SCCM criteria such as vital signs, GCS, and absence
of ICU-specific interventions), 2) Organizational Readiness
(per Plotnikoff, focusing on care coordination and communi-
cation), 3) Risk Factors for readmission, 4) A binary discharge
decision, and 5) A rationale explicitly citing guideline-based
justifications. This structured approach enabled consistent,
guideline-compliant assessments by the Al.

The GPT-based ICU discharge evaluator used in this study
is accessible at the following link: https://chatgpt.com/g/g-
682c737d88048191a950d0b7710107af-icu-discharge-evaluator.

Unlike ChatGPT, Gemini does not currently support cus-
tom model creation or structured output configuration.
Therefore, Gemini 2.5 Flash was used in its default form,
responding to standardized clinical prompts without any
user-defined formatting or task-specific adaptation.

ChatGPT was accessed via a custom GPT interface based
on the GPT-4 architecture, while Gemini 2.5 Flash was used
through its default web interface. All model evaluations
were conducted using the same institutional network envi-
ronment. Each patient case was entered and evaluated in a
separate session without prior conversational context to
prevent memory carryover between cases. No iterative
prompting, regeneration, or repeated runs were performed;
only a single output per case was used for analysis. Default
model parameters were used for both systems, and no man-
ual adjustments to temperature or determinism settings
were applied.

Data governance and privacy

All patient data used in this study were fully de-identified
prior to analysis and before being entered into any LLM plat-
form. No directly identifiable information (including names,
national identification numbers, hospital numbers, exact
dates, or contact details) was used. Only anonymized clini-
cal variables, physiological parameters, and laboratory val-
ues were included in structured case templates.

Bias

To minimize potential bias, clinicians making discharge deci-
sions were blinded to Al predictions. Al models were not
updated during the study period to avoid data leakage. Data
preprocessing and Al output interpretation were conducted
by independent investigators not involved in patient care.

Power analysis

A priori sample size calculation was performed based on the
results of a pilot study involving 50 patients, in which the
proportion of discordant pairs between the Al model and
physicians was 50%, and the odds ratio was estimated at
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1.685. Using G*Power version 3.1.9.4 for a two-tailed McNe-
mar test with a significance level (@) of 0.05 and a desired
power (1—p) of 0.95, the required sample size was calcu-
lated as 398 patients.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
version 21 (IBM Corp., Armonk, NY). Categorical variables
were presented as frequencies and percentages, while con-
tinuous variables were summarized as medians with inter-
quartile ranges due to non-normal distributions. Normality
of continuous variables was assessed using the Shapiro-Wilk
test. Group comparisons for categorical variables were con-
ducted using the Chi-Square test or Fisher’s exact test, as
appropriate. The Mann-Whitney U-test was used to compare
continuous variables between groups.

Agreement between ChatGPT and intensive care physi-
cians was assessed using Cohen’s kappa coefficient. Classifi-
cation performance metrics, including sensitivity,
specificity, accuracy, and F1 score, were calculated based
on confusion matrices. Differences between Al model pre-
dictions and physician decisions were evaluated using McNe-
mar’s test. To evaluate model performance under more
clinically ambiguous conditions, a prespecified subgroup
analysis was conducted including patients who were not
mechanically ventilated and not receiving vasopressor or
inotropic support at the time of evaluation. This subgroup
was intended to represent more borderline ICU discharge
scenarios. A two-sided p-value of less than 0.05 was consid-
ered statistically significant.

Results

A total of 398 adult patients admitted to the ICU were
included in the study (Fig. 1). Of these, 147 patients (36.9%)
were admitted for postoperative monitoring following major
surgical procedures, including abdominal, orthopedic, and
neurosurgical interventions. The remaining patients were
admitted due to medical conditions such as sepsis, respira-
tory failure, or cardiac events. All eligible patients were pro-
spectively screened during daily ICU rounds, and all included

patients had complete data for the predefined study varia-
bles required for the primary analyses. Notably, among all
patients included in the study, no ICU readmissions occurred
within 24 hours of ICU discharge, supporting the overall
safety of the discharge decisions made by clinicians.

Table 1 presents the demographic and clinical character-
istics of patients according to their discharge status. The
median age was 68 (54—77.5) in the non-discharge group
and 65 (52—75) in the discharge group (p = 0.085). Gender
distribution was similar between groups, with 83 females
and 74 males in the non-discharge group and 137 females
and 104 males in the discharge group (p = 0.435). The pres-
ence of diabetes mellitus (p = 0.491), coronary artery dis-
ease (p = 0.474), heart failure (p = 0.128), stroke
(p = 0.444), and COPD (p = 0.790) did not significantly differ
between groups. However, the rates of mechanical ventila-
tion and inotropic support were significantly higher in the
non-discharge group (p < 0.001 for both).

Table 2 compares ChatGPT’s and Gemini’s predictions
with the decisions made by intensive care doctors regarding
patient discharge. ChatGPT predicted 140 out of 157 non-
discharge cases and 207 out of 241 discharge cases correctly.
There were 17 false positives and 34 false negatives. The
agreement between ChatGPTand physicians was statistically
significant (p = 0.024), with a Cohen’s Kappa value of 0.737,
indicating substantial agreement. Overall accuracy was
87.2%, sensitivity for predicting discharge was 85.9%, speci-
ficity for correctly identifying non-discharge cases was
89.2%, and the F1 score for discharge predictions was 89.0%.

Among the 398 cases, Gemini correctly identified 151
patients as requiring continued intensive care and 113
patients as appropriate for discharge. The overall accuracy
of the model was 0.663. The sensitivity, representing the
model’s ability to correctly identify patients to be dis-
charged, was 0.469, while the specificity, indicating correct
identification of non-discharge cases, was 0.962. The F1
score, which reflects the balance between precision and
recall, was calculated as 0.628. The agreement between
Gemini and clinicians, as measured by Cohen’s Kappa, was
0.379.

A prespecified subgroup analysis was performed in clini-
cally borderline patients, defined as those who were not
mechanically ventilated and not receiving vasopressor or

ICU patients assessed for eligibility (n
=398)

Missing data (n = 0)
End-of-life/palliative
admission (n = 0)
Declined consent (n = 0)

|

Included in final analysis (n = 398)
Discharge group (n = 241)
Non-discharge group, including deaths (n = 157)

Figure 1

Flowchart of the patients.
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Table 1 Demographic data of the patients.

Gender (female/male) 83/74
Age 68 (54-77.5)

Diabetes Mellitus (no/yes) 99/58
Coronary Artery Disease (no/yes) 129/28
Heart Failure (no/yes) 129/28
Stroke (no/yes) 140/17
COPD (no/yes) 128/29
Mechanical ventilation (no/yes) 61/96
Inotropic Support (no/yes) 81/76

137/104 p = 0.435
65 (52—75) 0.085

159/82 p =0.4912
191/50 p = 0.474
213/27 p=0.128
215/24 p = 0.444°
199/42 p = 0.790°
241/0 p <0.001°
240/1 p <0.001°

@ Chi-Square test was applied.
b Fisher’s Exact test was applied.

inotropic support at the time of evaluation. In this subgroup,
ChatGPT demonstrated an accuracy of 77.6%, with a sensi-
tivity of 82.4%, specificity of 56.5%, F1-score of 0.857, and
fair agreement with clinicians (« = 0.343). Gemini showed
substantially lower overall performance, with an accuracy
of 43.2%, sensitivity of 35.3%, specificity of 78.3%, F1-score
of 0.504, and slight agreement with clinicians (« = 0.067)
(Table 3).

Table 4 presents the comparison of laboratory findings
between patients in the non-discharge group and those who
were discharged. Median hemoglobin levels were lower in
the non-discharge group (8.6 [7.8—10.5]) compared to the
discharge group (10.1 [8.9—12.1]) (p < 0.001). Similarly, lac-
tate (3.3 [2.0—10.1] vs. 1.3 [1.0—1.7]), creatinine (1.43
[0.73—2.26] vs. 0.84 [0.64—1.09]), heart rate (90 [83
—105.5] vs. 84 [79.5—94]), and procalcitonin levels (1.91
[0.23-6.97] vs. 0.13 [0.06—0.33]) were significantly higher
in the non-discharge group, all with p < 0.001. Conversely,
SpO, values were slightly lower in the non-discharge group
(96 [95—98]) compared to the discharge group (97 [96—98])
(p =0.048).

Discussion

In this prospective cohort, both LLM-based systems demon-
strated measurable agreement with clinicians in ICU dis-
charge decisions, with the prompt-guided configuration
showing higher concordance than the non-customized con-
figuration. However, performance differences were most
evident across clinically stable versus unstable presenta-
tions, suggesting that structured input and standardized
clinical prompting may help LLMs integrate routine ICU

variables more consistently. A plausible explanation is that
ICU discharge decisions are strongly driven by recognizable
patterns of physiological stability and laboratory abnormali-
ties; thus, models may differ in how reliably they extract,
prioritize, and weigh these signals when structured prompts
and output constraints are applied.

ICU discharge decisions frequently rely on a combination
of objective clinical parameters and subjective clinical judg-
ment. Previous work has shown substantial inter-clinician
variability in ICU discharge practices, largely attributable to
the absence of universally standardized discharge criteria.°
Against this background, the relatively weaker alignment
observed with the non-customized configuration may reflect
not only model limitations but also the inherent inconsis-
tency of the clinical reference standard itself. However,
recent efforts to formalize ICU discharge processes are
increasingly emphasizing structured, evidence-based frame-
works. In this context, the introduction of guideline-
informed, standardized prompting in our study was associ-
ated with improved alignhment between Al outputs and physi-
cian decisions, supporting the concept that structured
clinical representations may help LLM-based systems cap-
ture the implicit heuristics clinicians apply when synthe-
sizing ICU data."" Importantly, during the pilot phase of
this study, the same model operating without structured
prompts demonstrated substantially lower agreement,
suggesting that domain-specific adaptation and clinically
grounded prompt design may be at least as critical as the
underlying model architecture for effective Al deploy-
ment in critical care.

Ethical considerations are central to ICU discharge deci-
sion-making, as these decisions not only determine resource
utilization but also directly affect patient safety and

Table 2 Comparison of ChatGPT’s and Gemini’s predictions with Intensive care doctor decisions.

Intensive care
doctors

Non-Discharge 140
Discharge 34

0.024 151 6 < 0.001

207 128 113

For both models, discharge was treated as the positive class. ChatGPT: accuracy 87.2% (95% Cl 83.5-90.2), sensitivity 85.9% (95% CI 80.8
—89.9), specificity 89.2% (95% Cl 83.3—93.5), F1 score 0.890, « = 0.737 (95% Cl 0.669—0.805), McNemar p = 0.024. Gemini: accuracy 66.3%
(95% Cl 61.5—70.8), sensitivity 46.9% (95% Cl 40.7—53.2), specificity 96.2% (95% Cl 91.9—98.4), F1 score 0.628, « = 0.379 (95% Cl 0.310

—0.452), McNemar p < 0.001.
@ McNemar test was applied.
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Table 3 Subgroup analysis of borderline patients.

ChatGPT
Gemini

77.6%
43.2%

82.4%
35.3%

56.5%
78.3%

0.857
0.504

0.343
0.067

0.208 to 0.482
-0.006 to 0.140

Table 4  Comparison of laboratory findings of the patients.

Hemoglobin 8.6 (7.8—10.5)
Lactate 3.3(2.0-10.1)
Creatinine 1.43 (0.73-2.26)
Heart Rate 90 (83—105.5)
Sp0, 96 (95—98)

Procalcitonin 1.91(0.23-6.97)

10.1 (8.9—12.1) <0.001
1.3(1.0-1.7) <0.001
0.84 (0.64—1.09) <0.001
84 (79.5-94) <0.001
97 (96—98) 0.048

0.13 (0.06—0.33) <0.001

@ Mann-Whitney U-test was applied.

autonomy. The absence of transparent and standardized dis-
charge policies has been shown to generate ethical tension,
inter-clinician conflict, and uncertainty in practice.'? From
this perspective, structured Al-supported reasoning may
offer value not by replacing clinician judgment, but by pro-
moting greater transparency, reproducibility, and ethical
consistency in how discharge decisions are formulated.

However, ICU discharge is not determined solely by
patient physiology. System-level factors such as protocol
gaps, communication failures, and workflow inefficiencies
also play a substantial role in discharge decisions and
patient safety.'® This highlights that Al-based decision sup-
port should not be viewed as a standalone solution, but
rather as a component of broader, system-oriented strate-
gies aimed at standardizing transitions of care. In this con-
text, our findings align with prior work demonstrating the
feasibility of machine learning-based discharge support.
For example, Wu et al. reported high agreement between a
LightGBM model and physician decisions, with the added
benefit of earlier identification of potential discharge can-
didates.' While their approach relied on structured tabular
modeling, our results suggest that LLM-based systems,
when clinically guided through structured prompting, may
achieve comparable alignment while operating in a more
flexible, narrative-compatible format. Previous studies
have demonstrated that machine-learning models can sup-
port post-ICU risk stratification and discharge-related
decision-making."® Together, these observations support
the potential role of LLMs as integrative clinical support
tools within ethically grounded and system-aware ICU dis-
charge frameworks.

Recent evidence indicates that ICU discharge decisions
are influenced by factors extending beyond snapshot physio-
logical measurements. The integration of narrative clinical
documentation through natural language processing has
been shown to improve discharge modeling and, impor-
tantly, to uncover patient subgroups that are poorly cap-
tured by conventional structured predictors, including those
with psychosocial or surgical complexity.'® This suggests
that discharge decisions are shaped not only by measurable
physiology but also by contextual, organizational, and

psychosocial dimensions that are often embedded in daily
clinical narratives.

Previous studies have suggested that admission-day varia-
bles alone may allow effective early risk stratification for
ICU readmission and post-ICU deterioration.'” These findings
support the concept that clinically meaningful prognostic
signals are often present well before discharge and may
complement or, in some contexts, outperform discharge-day
assessments.

Error pattern analysis revealed distinct behavioral ten-
dencies between the two LLM-based systems. The prompt-
guided configuration occasionally favored discharge in
cases involving recent seizures or patients receiving high-
flow nasal cannula therapy at > 40 L.min~", suggesting a
greater tolerance for borderline physiological findings. In
contrast, the non-customized configuration demonstrated
a predominantly conservative pattern, frequently recom-
mending continued ICU care even in clinically low-risk
scenarios, which was reflected in its high specificity but
limited sensitivity.

These divergent error profiles indicate that model out-
puts are shaped not only by the underlying architecture but
also by how clinical information is framed and constrained.
The conservative bias observed in the non-customized con-
figuration suggests prioritization of isolated physiological
abnormalities, whereas the structured prompting strategy
appeared to promote a more integrative assessment, yield-
ing a balance between sensitivity and specificity that more
closely resembled clinician decision-making. This observa-
tion reinforces the concept that prompt design is not merely
a technical detail but a central determinant of how LLM-
based systems operationalize clinical reasoning.

Importantly, the association between ICU non-discharge
and markers such as anemia, hyperlactatemia, renal dys-
function, elevated procalcitonin, mechanical ventilation,
and inotropic support holds the biological plausibility of the
decision patterns observed. However, while the absence
of these features in discharged patients validates their
inclusion as model inputs, it also underscores the limita-
tions of single—time-point assessments. The integration
of longitudinal parameter trends may allow future Al-
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supported frameworks to better capture evolving risk
profiles and improve performance in more ambiguous dis-
charge scenarios.

Limitations

This study has several limitations. First, it was conducted in
a single tertiary care center, which may limit the diversity of
patient populations and care protocols represented. Second,
although the Al systems were evaluated using real-time clin-
ical data, they were not embedded within the clinical work-
flow, and their outputs did not influence actual discharge
decisions, thereby limiting assessment of real-world clinical
impact. Third, while both systems were tested using struc-
tured clinical prompts, the reliance on manually curated
input data may not fully reflect the variability, incomplete-
ness, and noise inherent to routine ICU documentation. In
addition, model performance may have been influenced by
the specific phrasing and formatting of prompts, which were
standardized but not externally validated. Moreover, long-
term patient-centered outcomes, including post-discharge
mortality and readmission beyond the index hospitalization,
were not assessed, restricting conclusions regarding down-
stream safety.

A major methodological limitation is the non-equiva-
lence of Al configurations. ChatGPT was evaluated using a
structured, guideline-based custom  configuration,
whereas Gemini was tested in its default, non-customized
form. This design choice reflected the primary aim of
determining whether LLM-based systems can meaningfully
perform this task under clinically usable conditions rather
than comparing intrinsic model capabilities. Conse-
quently, observed differences cannot be attributed to
inherent model superiority and may primarily reflect the
impact of structured prompting and configuration. A
methodologically fair model-to-model comparison would
require applying equivalent structured prompts to both
systems or evaluating both under default conditions,
which should be addressed in future work.

In addition, clinical data were derived from the day of
ICU discharge or the day prior to death. Although this
reflects real-world decision timing, this approach may
have included a substantial proportion of clinically
straightforward cases, thereby facilitating discrimination
and potentially inflating apparent performance. Impor-
tantly, not all patients who subsequently died were uni-
formly unstable at the time of evaluation, and clinical
deterioration occurred after the assessed day in a subset
of cases. Future investigations should incorporate longi-
tudinal designs capturing multi-day clinical trajectories,
dynamic laboratory trends, and validated severity indices
to more rigorously evaluate Al performance under evolv-
ing and uncertain discharge conditions.

Finally, although LLMs offer powerful capabilities for clin-
ical reasoning, they remain susceptible to hallucinations,
plausible-sounding but incorrect outputs, particularly in the
absence of rigorously constrained input structures. While
structured prompting likely mitigated this risk, the potential
for inaccurate or overconfident responses represents a criti-
cal limitation to real-world deployment in safety-critical
environments such as intensive care.

Generalizability

The findings of this study should be interpreted with
caution in broader contexts. While the use of structured
prompts and standardized criteria provides a foundation
for reproducibility, the results may not directly general-
ize to ICUs with different patient populations, clinical
practices, or electronic health record systems. Moreover,
the performance of ChatGPT and Gemini may vary across
institutions with differing levels of staffing, documenta-
tion quality, and discharge policies. Further validation
studies in diverse healthcare settings are needed to
evaluate whether similar levels of agreement and accu-
racy can be maintained when these models are inte-
grated into real-time, multidisciplinary ICU decision-
making.

Conclusion

In conclusion, this study supports the feasibility of using
general-purpose large language models as decision-sup-
port tools for ICU discharge status (discharge vs non-
discharge) when implemented with structured, guide-
line-informed prompting. The prompt-guided configura-
tion demonstrated higher concordance with physician
decisions than a non-customized configuration, suggest-
ing that standardization of input structure and task
framing may be a key determinant of clinical align-
ment. Nevertheless, these findings should be inter-
preted cautiously given the single-center design, the
use of a single-time-point assessment, and the non-
equivalence of model configurations. Future multicen-
ter studies using standardized, reproducible prompting
strategies and longitudinal clinical trajectories are
needed to evaluate real-world safety, generalizability,
and workflow integration.
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KEYWORDS Abstract

Anesthesiology; Background: Burnout syndrome is characterized by emotional exhaustion, depersonalization,
Burnout; and low personal accomplishment. Anesthesiology residents are particularly vulnerable due to
Professional; prolonged working hours, cognitive overload, and exposure to stressful clinical situations. This
Education; study aimed to estimate the prevalence of burnout and explore associated occupational and psy-
Medical; chosocial factors among anesthesiology residents in Rio Grande do Sul, Brazil.

Graduate; Methods: This multicenter cross-sectional study included residents from 6 training centers
Internship and accredited by the Brazilian Society of Anesthesiology. Data were collected using an anonymous
Residency; online questionnaire and the Portuguese-validated Maslach Burnout Inventory-Human Services
Mental Health; Survey (MBI-HSS). Burnout was defined by high emotional exhaustion (> 25), high depersonaliza-
Occupational Stress tion (> 10), and low personal accomplishment (< 32). Associations were analyzed using Fisher’s

exact test (p < 0.05).
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Results: Ninety-two residents participated (response rate, 84.4%). The overall prevalence of
burnout was 26.1% (95% Cl 17.5%—36.3%). High emotional exhaustion occurred in 72.8%, deper-
sonalization in 42.4%, and low personal accomplishment in 43.5%. Burnout was significantly asso-
ciated with living alone (p = 0.036) and psychotropic medication use (p = 0.017). A weekly
workload of 60 hours or more (p = 0.068) was not significantly associated with burnout. Female
residents showed higher emotional exhaustion (p = 0.039).

Conclusion: Burnout prevalence among anesthesiology residents in Rio Grande do Sul was high,
predominantly characterized by emotional exhaustion. Institutional strategies focusing on psy-
chosocial support, workload management, and mental health promotion may improve residents’
well-being and professional performance.

© 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

Burnout syndrome was first described by Freudenberger in
1974 as a state of work-related physical and Emotional
Exhaustion (EE) among healthcare professionals, character-
ized by a loss of energy and motivation as well as reduced
effectiveness at work." Subsequently, Maslach and Jackson
conceptualized burnout as a multidimensional construct
comprising EE, Depersonalization (DP), and reduced Per-
sonal Accomplishment (PA), and developed the Maslach
Burnout Inventory (MBI), which has since become the most
widely used instrument for assessing this phenomenon.? In
2019, the World Health Organization included burnout in the
11*" Revision of the International Classification of Diseases
as an occupational phenomenon, recognizing it as the result
of chronic, unmanaged workplace stress.*

Burnout prevalence estimates vary substantially depend-
ing on the definition and cutoff criteria used, particularly
regarding whether one, two, or all three MBI dimensions are
required for diagnosis. Studies adopting less stringent defini-
tions, such as high scores in a single dimension, tend to
report higher prevalence rates, whereas more conservative
tridimensional definitions provide greater specificity but
lower estimates. In the present study, we adopted a conser-
vative tridimensional definition (high emotional exhaustion,
high depersonalization, and low personal accomplishment)
to improve the specificity and comparability of our findings.

Among healthcare professionals, burnout has emerged as
a global threat to quality of care and patient safety. Evi-
dence from systematic reviews indicates prevalence rates
exceeding 50% in certain medical specialties, with consis-
tent associations with medical errors, reduced productivity,
and adverse outcomes.>® Its impact extends beyond the
individual, adversely affecting healthcare teams, institu-
tions, and the sustainability of health systems.”

Resident physicians represent a particularly vulnerable
group. Multicenter studies report prevalence rates ranging
from 30% to 60%, depending on specialty, year of training,
and assessment methodology.®® Frequently cited risk factors
include prolonged working hours, sleep deprivation, cogni-
tive overload, repeated exposure to human suffering, insti-
tutional pressures, and insufficient social support.®°
Consequences include increased risk of depression, suicidal
ideation, attrition from the profession, and impaired clinical
performance.'"'?

In anesthesiology, these risks are further intensified by
the need for continuous vigilance, rapid decision-making in

critical situations, and management of highly complex clini-
cal scenarios. Such characteristics heighten vulnerability to
EE, placing anesthesiology residents at particularly high
risk.>!" Studies conducted in different countries consistently
demonstrate high rates of burnout in this population, often
exceeding those observed in other medical specialties. >3

In Brazil, although burnout has been investigated in some
medical specialties, data on anesthesiology residents remain
limited. A national multicenter study among intensivists
reported high prevalence rates,' and research involving
multiprofessional residents also revealed concerning levels
of burnout.' However, specific data on anesthesiology resi-
dents in Rio Grande do Sul, the southernmost state of
Brazil — an area with a strong tradition in medical education
and a substantial number of training centers accredited by
the Brazilian Society of Anesthesiology (SBA) - are lacking.
This gap hinders the development of institutional strategies
tailored to the local context and the implementation of
effective prevention and support policies.

We hypothesized that anesthesiology residents training in
SBA-accredited centers in Rio Grande do Sul, Brazil, have a
high prevalence of burnout syndrome and that its occur-
rence is associated with occupational and psychosocial fac-
tors, including workload, sleep deprivation, and perceived
institutional support. Therefore, this study aimed to esti-
mate the prevalence of burnout and explore associated
occupational and psychosocial factors among anesthesiology
residents training in SBA-accredited centers in Rio Grande
do Sul, Brazil.

Methods
Study design

This multicenter cross-sectional study included all 6 SBA-
accredited training centers in the state of Rio Grande do
Sul, Brazil. The project was approved by the Institutional
Review Board, and research and methods adhered to the
provisions of the Declaration of Helsinki and the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Ethical aspects

The study protocol was approved by the Research Ethics Com-
mittee of Hospital Ernesto Dornelles, Porto Alegre, RS, Brazil
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(approval number: 7.337.285; CAAE 85752324.2.0000.5304),
in accordance with Resolution Number 466/2012 of the
Brazilian National Health Council. Data collection was con-
ducted anonymously using an electronic questionnaire
(Google Forms). Access to the survey questions was pre-
ceded by mandatory reading and electronic acceptance of
the Informed Consent Form (ICF). Acceptance of the ICF
(by clicking “l agree”) enabled the resident to proceed
with the questionnaire, constituting formal informed con-
sent prior to participation. Data confidentiality and partici-
pant anonymity were strictly preserved throughout all
study phases.

Study population and eligibility

The target population comprised 109 anesthesiology resi-
dents eligible across the 6 SBA-accredited training centers
in Rio Grande do Sul. Participant recruitment occurred
between July and August 2025, and all residents were
invited via electronic message containing a link to the online
questionnaire.

Inclusion criteria were enrollment in the first, second, or
third year of anesthesiology residency at an SBA-accredited
center in Rio Grande do Sul and electronic acceptance of
the ICF, which was required to access and complete the
questionnaire. Exclusion criteria included residents who
were on leave at the time of data collection (medical leave,
maternity leave, vacation, or other reasons), as well as
those who declined to provide electronic informed consent
despite invitation and clarification of the study protocol.

Electronic questionnaires with incomplete data, defined
as missing responses in more than 10% of the MBI-HSS items
or in key sociodemographic variables, would be excluded to
preserve the validity of burnout assessment. A total of 109
residents were invited to participate, of whom 92
responded. No participants met exclusion criteria, and all
respondents were included in the final analysis.

Data collection and instruments

Data were collected using an anonymous, self-administered,
and self-explanatory electronic questionnaire developed on
the Google Forms platform. The instrument was divided into
2 main sections: 1) Sociodemographic and occupational vari-
ables, and 2) Assessment of burnout syndrome.

The first section consisted of a structured questionnaire
designed to capture potential risk factors for burnout. Varia-
bles included resident characteristics such as sex, age group,
marital status, living arrangement (living alone), year of res-
idency, weekly workload, engagement in external profes-
sional activities, motivation for choosing anesthesiology,
lifestyle habits (physical activity and alcohol consumption),
and mental health-related factors (use of psychotropic med-
ications and engagement in psychotherapy).

The second section assessed burnout using the MBI-Human
Services Survey (MBI-HSS), in its Portuguese-language validated
version.'® The MBI-HSS is considered the gold standard for
burnout assessment and consists of 22 items distributed across
3 core dimensions: EE (9 items), DP (5 items), and PA (8 items).
Each item is rated on a 7-point Likert scale ranging from 0
(“never”) to 6 (“every day”), reflecting the frequency of
work-related feelings. Each MBI-HSS dimension (emotional

exhaustion, depersonalization, and personal accomplishment)
was analyzed separately, with scores calculated according to
standard procedures for each subscale.

Items related to EE (items 1, 2, 3, 6, 8, 13, 14, 16, and 20)
and DP (items 5, 10, 11, 15, and 22) are negatively oriented,
with higher scores indicating greater burnout severity. In
contrast, items assessing PA (items 4, 7, 9, 12, 17, 18, 19,
and 21) are positively oriented, with higher scores reflecting
lower burnout levels. Burnout dimensions were analyzed
separately according to established cutoff points. Overall
burnout syndrome was defined by the simultaneous presence
of high EE, high DP, and low PA, in accordance with validated
tridimensional criteria.

Definition of burnout syndrome

Burnout syndrome classification and prevalence were deter-
mined using tridimensional cutoff points established in
national and international validation studies and systematic
reviews based on MBI-HSS scores. Subscale scores were cate-
gorized as high (presence) or low (absence) burnout accord-
ing to the following thresholds: high EE (> 25), high DP
(> 10), and low PA (< 32). The simultaneous presence of
high EE, high DP, and low PA was used to define overall
burnout syndrome.>"!

These cutoff points are based on validation studies of the
Portuguese version of the MBI-HSS and have been widely
adopted in Brazilian studies involving healthcare professio-
nals. Their use enhances the cultural and linguistic validity
of the assessment in this population and allows for meaning-
ful comparison with national and international literature.

Sample size calculation

Sample size was calculated using WINPEPI, version 11.65.
The calculation was based on the total number of anesthesi-
ology residents accredited in SBA training centers as of June
30, 2025 (n = 109), assuming an expected burnout preva-
lence of 51% (based on prior literature),® a 95% confidence
level, and a margin of error of 10 percentage points.
Accounting for an estimated 10% rate of losses and refusals,
the minimum required sample size was 59 respondents to
ensure the minimum sample size required to achieve the
desired precision for prevalence estimation.

Statistical analysis

Participant responses, initially recorded in Google Sheets,
were compiled and exported to IBM SPSS, version 20.0, for
statistical analysis. Burnout prevalence was reported with
corresponding 95% Confidence Intervals (95% Cl). Categorical
variables were described using absolute (n) and relative (%)
frequencies. Associations between burnout syndrome (and
its dimensions) and sociodemographic and occupational vari-
ables were assessed using Fisher’s exact test. A two-tailed p
< 0.05 was considered statistically significant for all analy-
ses. Participants were nested within six training centers.
Although center-level characteristics may influence both
exposures and burnout, the analyses were conducted assum-
ing independence between observations, given the similar
structure and training conditions across centers.
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Given the exploratory nature of the study, no formal adjust-
ment for multiple comparisons was performed. The analyses of
factors associated with burnout were secondary and explor-
atory. Considering the sample size and the limited number of
outcome events, multivariable modeling was not performed
due to the risk of overfitting and unstable estimates. In addi-
tion, considering the rule-of-thumb of at least 10 events per
variable, the number of burnout cases would not support a sta-
ble multivariable model including multiple covariates. There-
fore, only bivariate analyses were conducted, and the findings
should be interpreted as exploratory associations rather than
independent effects.

Results

A total of 92 anesthesiology residents from the 6 SBA-accred-
ited training centers in Rio Grande do Sul participated in the
study, corresponding to a response rate of 84.4% (92/109).
The sample consisted predominantly of men (56.5%), with
most participants aged 25 to 30 years (54.3%) and a median
age of 29 years. The majority were in a stable relationship
or dating (66.3%), and nearly half lived alone (47.8%). Resi-
dency year distribution was balanced: 31.5% were first-year,
32.6% second year, and 35.9% third-year residents.

Weekly workload was high, with 65.2% of residents report-
ing > 60 working hours per week and 33.7% reporting 40-60
hours. Nearly half (48.9%) reported engaging in professional
activities outside the residency program, and 45.7% stated
that anesthesiology was their first-choice specialty. Regarding
lifestyle factors, 52.2% had a pet, 64.2% engaged in regular
physical activity (up to 4 times per week), and 41.3% reported
psychotropic medication use. Approximately one-third (31.5%)
were undergoing psychotherapy, and 48.9% reported alcohol
consumption once or twice per week (Table 1).

The overall prevalence of burnout was 26.1% (95% ClI
17.5%-36.3%). When analyzed separately, the MBI-HSS
dimensions showed high EE in 72.8% (95% Cl 62.6%-81.6%),
high DP in 42.4% (95% ClI 32.2%-53.1%), and low PA in 43.5%
(95% Cl 33.2%-54.2%). These findings indicate a high degree
of emotional strain among residents, with substantial
impairment across the other burnout dimensions (Table 2).

Table 3 presents the analysis of factors potentially associ-
ated with burnout syndrome and its subdimensions. The cat-
egory of 20—40 weekly hours was not included in
comparative analyses due to insufficient sample size. Living
alone was significantly associated with a higher overall prev-
alence of burnout (36.4% vs. 16.7%; p = 0.036; Prevalence
Ratio: 2.18; 95% ClI 1.04-4.59). Among the burnout dimen-
sions, female sex was associated with a higher frequency of
EE (85.0% vs. 63.5%; p = 0.039; Prevalence Ratio = 1.34; 95%
Cl 1.05-1.71), suggesting greater vulnerability of women to
the emotional component of burnout.

Weekly workload was significantly associated with both
high EE (p = 0.011; Prevalence Ratio = 1.45; 95% Cl 1.05-
2.02) and low PA (p = 0.046; Prevalence Ratio = 1.84; 95% Cl
1.00-3.37). However, no statistically significant association
was observed between workload > 60 hours and overall
burnout (p = 0.068).

Psychotropic medication use was significantly associated
with overall burnout syndrome (p = 0.017; Prevalence
Ratio = 2.37; 95% Cl 1.16-4.84), EE (p = 0.016; Prevalence

Table 1 Sample characteristics (n = 92).

Sex

Male 52 (56.5)

Female 40 (43.5)
Age group

20-25 years 7(7.6)

25-30 years 50 (54.3)

30-35 years 31 (33.7)

35-40 years 4(4.3)
Living alone 44 (47.8)
Marital status

Married/stable relationship/dating 61 (66.3)

Single 31 (33.7)
Year of residency

First year 29 (31.5)

Second year 30 (32.6)

Third year 33(35.9)
Weekly workload

20-40 hours 1(1.1)

40-60 hours 31 (33.7)

60 or more hours 60 (65.2)
Hold jobs outside the residency program 45 (48.9)
Anesthesiology as first-choice specialty 42 (45.7)
Pet ownership 48 (52.2)
Engagement in psychotherapy 29 (31.5)
Psychotropic medication use 38 (41.3)

Alcohol consumption
No 40 (43.5)
Once or twice per week 45 (48.9)
More than twice per week 7 (7.6)
Physical activity
No 26 (28.2)
1 to 4 times per week 59 (64.2)
More than 4 times per week 7 (7.6)

Ratio = 1.38; 95% Cl 1.09-1.75), and DP (p = 0.005; Preva-
lence Ratio = 2.04; 95% Cl 1.26-3.32). These findings should
be interpreted as markers of psychological distress rather
than causal factors. Similarly, residents undergoing psycho-
therapy exhibited a higher prevalence of DP (p = 0.013; Prev-
alence Ratio = 1.86; 95% ClI 1.19-2.92), which may reflect
treatment-seeking behavior among individuals experiencing
greater emotional burden.

No statistically significant associations were observed
between burnout and age, marital status, year of residency,
physical activity, alcohol consumption, pet ownership, or
anesthesiology as first-choice specialty.

Table 2 Prevalence of burnout (n = 92).

Overall burnout 26.1[17.5 —36.3]
Emotional exhaustion 72.8 [62.6 — 81.6]
Depersonalization 42.4[32.2 —53.1]
Low personal accomplishment 43.5[33.2 — 54.2]

Cl, Confidence Interval.
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Table 3
sonal Accomplishment (PA).

Factors potentially associated with overall burnout, Emotional Exhaustion (EE), Depersonalization (DP), and low Per-

Sex 0.160 0.039 0.296 0.638

Male 17 (32.7%) 33 (63.5%) 25 (48.1%) 21 (40.4%)

Female 7 (17.5%) 34 (85.0%) 14 (35.0%) 19 (47.5%)

Age group 0.792 0.875 0.082 0.216

20-25 years 2 (28.6%) 5 (71.4%) 4 (57.1%) 3 (42.9%)

25-30 years 15 (30.0%) 38 (76.0%) 26 (52.0%) 18 (36.0%)

30—-35years 6 (19.4%) 21 (67.7%) 8 (25.8%) 18 (58.1%)

35—40 years 1(25.0%) 3 (75.0%) 1(25.0%) 1(25.0%)

Living alone 0.036 0.999 0.206 0.141

Yes 16 (36.4%) 32 (72.7%) 22 (50.0%) 23 (52.3%)

No 8 (16.7%) 35 (72.9%) 17 (35.4%) 17 (35.4%)

Marital status 0.802 0.322 0.824 0.514

Married 15 (24.6%) 42 (68.9%) 25 (41.0%) 25 (41.0%)

Single 9 (29.0%) 25 (80.6%) 14 (45.2%) 15 (48.4%)

Year of residency 0.383 0.999 0.560 0.254

First year 5(17.2%) 21 (72.4%) 12 (41.4%) 9 (31.0%)

Second year 10 (33.3%) 22 (73.3%) 15 (50.0%) 14 (46.7%)

Third year 9 (27.3%) 24 (72.7%) 12 (36.4%) 17 (51.5%)

Weekly workload 0.068 0.011 0.092 0.046

20—40 hours?

40—-60 hours 4 (12.9%) 18 (58.1%) 9 (29.0%) 9 (29.0%)

> 60 hours 20 (33.3%) 49 (81.7%) 30 (50.0%) 31 (51.7%)

Jobs outside program 0.202 0.485 0.833 0.674

Yes 14 (31.1%) 31 (68.9%) 20 (44.4%) 21 (46.7%)

No 10 (21.3%) 36 (76.6%) 19 (40.4%) 19 (40.4%)

First-choice specialty 0.641 0.347 0.207 0.294

Yes 12 (28.6%) 33 (78.6%) 21 (50.0%) 21 (50.0%)

No 12 (24.0%) 34 (68.0%) 18 (36.0%) 19 (38.0%)

Pet ownership 0.999 0.359 0.531 0.834

Yes 13 (27.1%) 37 (77.1%) 22 (45.8%) 20 (41.7%)

No 11 (25.0%) 30 (68.2%) 17 (38.6%) 20 (45.5%)

Psychotherapy 0.306 0.208 0.013 0.651

Yes 10 (34.5%) 24 (82.8%) 18 (62.1%) 14 (48.3%)

No 14 (22.2%) 43 (68.3%) 21 (33.3%) 26 (41.3%)

Psychotropic 0.017 0.016 0.005 0.087
medication

Yes 15 (39.5%) 33 (86.8%) 23 (60.5%) 21 (55.3%)

No 9 (16.7%) 34 (63.0%) 16 (29.6%) 19 (35.2%)

Alcohol consumption 0.578 0.630 0.164 0.398

No 10 (25.0%) 27 (67.5%) 14 (35.0%) 14 (35.0%)

1-2 week 11 (24.4%) 34 (75.6%) 20 (44.4%) 22 (48.9%)

> 2 week 3 (42.9%) 6 (85.7%) 5 (71.4%) 4 (57.1%)

Physical activity 0.593 0.698 0.999 0.207

No 6 (23.1%) 20 (76.9%) 11 (42.3%) 15 (57.7%)

1—4 week 15 (25.4%) 41 (69.5%) 25 (42.4%) 22 (37.3%)

> 4 week 3 (42.9%) 6 (85.7%) 3 (42.9%) 3 (42.9%)

Data are presented as n (%) and compared using Fisher’s exact test.

2 Categories with insufficient sample size were not included in statistical comparisons.

Discussion

This multicenter study, involving a high-response multicenter
sample of anesthesiology residents in Rio Grande do Sul, Bra-
zil, identified an overall prevalence of burnout of 26.1%using
the strict diagnostic criteria requiring all 3 MBI-HSS subscales.
This finding underscores the occupational vulnerability of this

population and highlights the need for immediate attention
from residency training programs.

The observed burnout prevalence of 26.1% is consistent
with the average reported in studies of residents in high-
demand medical specialties in Brazil, although it remains
substantially higher than what is observed in the general
population. Importantly, because this estimate was derived
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using the strictest definition (requiring the simultaneous
presence of high EE, high DP, and low PA), it likely underesti-
mates the broader extent of psychological distress. Indeed,
high EE was present in 72.8% of residents, emerging as the
dominant feature of burnout in this cohort.

The high prevalence of EE among anesthesiology resi-
dents reflects the intrinsic demands of training in this spe-
cialty, which requires continuous vigilance, rapid decision-
making in critical situations, and sustained exposure to stress-
ful environments. EE, as the primary dimension of burnout, is
a sensitive marker of chronic psychological overload and has
been consistently identified as the most prevalent component
in meta-analyses of Brazilian and international resident
populations.>1®

Associations observed with variables such as psychotropic
medication use, psychotherapy, and living alone likely
reflect underlying psychological distress and contextual vul-
nerability rather than causal relationships. These findings
should be interpreted cautiously, as no multivariable adjust-
ment was performed, and causal inferences cannot be
established. In addition, reverse causality and bidirectional
relationships cannot be excluded, particularly for variables
related to mental health care utilization.

In this context, the sample consisted predominantly of
young adults (aged 25-35 years) with a balanced distribu-
tion across residency years, situating these findings within
the period of greatest training intensity, during which the
literature consistently reports heightened vulnerability to
chronic occupational stressors.81%:17-1°

The overall burnout prevalence observed in this study
(26.1%) lies within the lower-to-mid range of estimates
reported for residents and anesthesiologists, ranging widely
from 20% to 60% depending on definitions, instruments, and
cutoff points used.>® 72! |n large cohorts of Brazilian anes-
thesiologists assessed during the COVID-19 pandemic, overall
burnout prevalence was reported at 19.6%, whereas more
than 50% were classified as being “at high risk” when EE or
DP were applied alone, illustrating how less stringent defini-
tions can substantially inflate prevalence estimates.?? This
discrepancy was addressed in a recent review documenting
more than 140 different definitions of burnout, even among
studies using the MBI to assess burnout, resulting in preva-
lence estimates ranging from 0% to 80.5%. Conversely, stud-
ies requiring the simultaneous presence of high EE, high DP,
and low PA report a substantially lower prevalence of burn-
out than those based on isolated dimensions.?’

Among residents, systematic reviews and multicenter
studies report burnout prevalence ranging from 30% to 50%,
with heterogeneity according to specialty, workload, and
institutional context.'”'%222% QOur findings align with a
recent Thai study of medical residents demonstrating strong
associations between working conditions, mental health,
burnout, and medical errors, reinforcing the clinical and
operational relevance of this outcome.'? In Brazil, although
using heterogeneous instruments, studies of multiprofes-
sional residents have also reported concerning levels of
burnout and suggested organizational determinants (work-
load, resource availability, and supervision) similar to those
identified in medical residency programs. '®

Regarding the MBI dimensions, the predominance of EE
(72.8%) is consistent with studies identifying EE as the most

stable and central component of the burnout construct,
whereas DP and PA exhibit lower internal consistency and
greater cultural variability.>>?* A recent review by Guille and
Sen.?" highlights the weak correlation among the 3 domains
and questions the validity of rigid cutoffs or composite scores
for defining “cases”, a perspective that contextualizes both
the magnitude and the precision of our estimates.

The association between working > 60 hours per week
and both EE and PA reflects one of the most consistently
reported factors associated with burnout in the literature -
excessive workload and sleep deprivation - consistently
associated with higher levels of exhaustion, impaired perfor-
mance, and safety concerns.®'%'%2" The finding of higher EE
among women (85.0% vs. 63.5%) is consistent with evidence
suggesting greater female vulnerability to organizational
stressors in environments characterized by high responsibil-
ity and limited autonomy, mediated by additional non-work-
related burdens and institutional biases.?'->:26

The significant association between living alone and over-
all burnout highlights the critical role of social support net-
works and interpersonal connectedness as modulators of
resilience and coping strategies in high-stress settings such
as residency training. This finding aligns with contemporary
emphasis on interventions that strengthen peer support and
promote accessible, destigmatized mental health care
within educational and training institutions. ®7-20:21

The strong association between psychotropic medication
use and overall burnout (as well as EE and DP) likely reflects
greater severity of psychological distress and/or the pres-
ence of comorbid anxiety and depressive disorders. This
relationship is well documented in the literature, which rec-
ognizes substantial conceptual and dimensional overlap
between burnout and clinical conditions such as anxiety and
depression. In this context, psychotropic medication use
functions as a marker of distress severity, reinforcing the
urgency of providing accessible mental health care.'" 22!
Similarly, the higher prevalence of DP among residents
undergoing psychotherapy likely reflects treatment-seeking
in more severe cases (indication bias) and should not be
interpreted as evidence of therapeutic ineffectiveness.

This study has limitations that warrant consideration. We
used the Portuguese-validated MBI-HSS and a conservative
definition of overall burnout (high EE + high DP + low PA),
an approach that is more specific and aligned with recom-
mendations aimed at reducing prevalence overestima-
tion.2>>17:24 Nevertheless, the historical heterogeneity of
the construct and ongoing debate regarding cutoffs and sub-
scale combinations remain epistemological limitations that
affect comparability across studies.?! Also, the cross-sec-
tional design precludes causal inferences, and self-reported
data may be subject to recall and social desirability bias.
Additionally, no multivariable analysis was performed, which
limits the ability to control for potential confounding factors
and to estimate independent associations. Considering the
rule-of-thumb of at least 10 events per variable, the number
of burnout cases (n ~ 24) would not support a stable multi-
variable model including the proposed covariates. There-
fore, the findings should be interpreted as exploratory
associations rather than independent effects.

Participants were clustered within training centers, and
center-level characteristics may have influenced both
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exposures and outcomes. Due to the limited number of cen-
ters, more advanced multilevel approaches were not feasi-
ble. Given the multiple comparisons performed across
several outcomes and exposure variables, there is an
increased risk of type | error (false-positive findings). There-
fore, the observed associations should be interpreted cau-
tiously, with greater emphasis placed on effect sizes and
confidence intervals rather than isolated p-values.

Non-response bias should also be considered, as residents
who did not participate may differ systematically from
respondents. However, the high response rate (84.4%)
reduces the likelihood of substantial bias.

Despite these limitations, this study has important strengths,
including its multicenter design, high response rate, and use of
a validated instrument with a conservative definition of burn-
out. These characteristics enhance the internal consistency and
regional relevance of the findings.

Our results highlight 3 priority axes for action within
anesthesiology residency programs: 1) Workload manage-
ment (monitoring duty hours, implementing sustainable
schedules, and mitigating sleep deprivation); 2) Structured
institutional support (mentorship, environments free from
harassment or mistreatment, and safe psychological support
channels); and 3) Streamlined access to evidence-based
mental health care and well-being strategies.®” 192" A
recent study of Brazilian anesthesiologists suggests that lei-
sure time exceeding 5 hours per week may be a protective
factor, offering an operationally actionable insight for local
policy development.?

Longitudinal studies are needed to elucidate trajecto-
ries of EE, DP, and PA across first, second, and third years
of residency and during the transition to independent
practice, as well as to evaluate multilevel interventions
(systemic and individual) using clinical and educational
outcomes such as errors, performance, retention, quality,
and safety.®%'%2" Efforts to standardize measurement
(by reporting domains separately and avoiding non-vali-
dated composite scores) may further enhance interna-
tional comparability and support the development of
more precise policies.?"*

Conclusion

The overall prevalence of burnout (26.1%) among anesthesi-
ology residents in Rio Grande do Sul was high, with emo-
tional exhaustion emerging as the predominant component.
Living alone and psychotropic medication use were associ-
ated with burnout, the latter likely representing a marker of
psychological distress rather than a causal factor. Given the
cross-sectional design and exploratory analyses, these findings
should be interpreted with caution. These results highlight
the need for institutional policies focused on strengthening
psychosocial support and promoting mental health throughout
medical training.
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KEYWORDS Abstract

Acute kidney injury; Background: The impact of preoperative Angiotensin-Converting Enzyme Inhibitors or Angioten-
Angiotensin-convert- sin Receptor Blockers (ACEI/ARB) on cardiac surgery-associated Acute Kidney Injury (AKI)
ing enzyme inhibitors; remains elusive. We sought to evaluate the association of ACEI/ARB use with stage 2 or 3 AKI and
Angiotensin receptor in-hospital mortality, while evaluating whether preoperative withholding versus continuation
antagonists; strategies modulate clinical outcomes.

Cardiac surgical Methods: Multicenter prospective cohort study involving 14 Spanish and British hospitals. The
procedures; study population comprised high-risk cardiac surgery patients (Cleveland Clinic Score > 4).
Kidney diseases; Results: Among 249 patients (mean age: 69.5 years; 39% women; 53.8% ACEI/ARB users), the
Risk factors overall incidence of stage 2 or 3 AKI was 32.9%. ACEI/ARB use was associated with a significantly

higher likelihood of stage 2 to 3 AKI (38.8% vs. 26.1%; adjusted OR = 2.79; 95% Cl 1.47-5.30;
p = 0.002). The adjusted risk difference was 0.188 (95% Cl 0.079—0.298; p = 0.001), yielding a
number needed to harm of 5.3. Sensitivity analyses confirmed the robustness of these findings,
with an E-value of 2.73 (lower limit: 1.72) and consistent results using augmented inverse proba-
bility weighting (average treatment effect: 0.191; 95% CI 0.081—0.300; p = 0.001). No statisti-
cally significant associations were observed in in-hospital mortality or the impact of
preoperative withholding versus continuation strategies on clinical outcomes.
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Conclusion: This study suggests preoperative ACEI/ARB use may be associated with an increased
incidence of stage 2 or 3 AKI. While differences in in-hospital mortality and preoperative with-
holding versus continuation strategies did not reach statistical significance, these findings reveal
clinical trends that warrant further investigation.

© 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/).

Background

Patients undergoing cardiac surgery frequently develop car-
diac surgery-associated Acute Kidney Injury (AKI), with an
incidence that is up to 30%." This is associated to a higher
risk of morbidity, renal replacement therapy requirement,
mortality, and delays of hospital discharge.! There have
been previous attempts to calculate cardiac surgery-asso-
ciated AKI risk in these patients. The Cleveland score
was validated to identify patients undergoing cardiac sur-
gery who may be at risk for AKI.2* The etiology of this
cardiac surgery-associated AKI is multifactorial, systemic
inflammatory response syndrome secondary to surgery-
induced stress,>® and shifting fluid volumes that can lead
to fluid overload.”

Moreover, these patients usually take drugs that may
worsen renal function, such as Angiotensin-Converting
Enzyme Inhibitors or Angiotensin Receptor Blockers (ACEI/
ARB). Whether the use of ACEI/ARB is independently associ-
ated with an increased risk of cardiac surgery-associated AKI
needs to be clarified.® 2024 EACTS guidelines on periopera-
tive medication in adult cardiac surgery suggested that con-
tinuing ACEl and ARBs should be considered until open-heart
surgery,” based on observational retrospective data on low-
risk patients undergoing cardiac surgery.'%"!

Prior studies on the risk/benefit of ACEI/ARB before car-
diac surgery reported conflicting results.® 125

Some have recommended maintaining both ACEI or ARB
because, during Cardiopulmonary Bypass (CPB), the Renin-
Angiotensin-Aldosterone System (RAAS) is activated, poten-
tially leading to renal hypoperfusion. Therefore, continued
administration of ACEl and ARB might attenuate this RAAS
activation and prevent renal medullary ischemia induced by
angiotensin 11.%'2"7 Furthermore, withdrawing ACEI/ARB
may also precipitate acute heart failure and increase the
risk of postoperative hypertension. %2

On the other hand, others have found that ACEI/ARB may
be associated with an increased risk of cardiac surgery-asso-
ciated AKI secondary to a higher risk of hypotension and
vasogenic shock,'® leading to renal hypoperfusion and a
reduced Glomerular Filtration Rate (GFR) due to dilatation
of the efferent glomerular arteriole.2'23

We hypothesized that preoperative ACEI/ARB use con-
fers an increased risk of postoperative AKI. Accordingly,
we sought to evaluate the association between the pre-
operative ACEI/ARB use and the incidence of stage 2 or 3
AKI as our primary endpoint. Secondary objectives included
an assessment of in-hospital mortality, alongside explor-
atory analyses within the user cohort to elucidate whether
withholding versus continuing therapy is associated with
the incidence of stage 2 or 3 AKI and in-hospital mortality.

Methods
Study design, setting and participants

This prospective multicenter cohort study included high-risk
cardiac surgery patients with Cleveland Clinic Score? (CCS)
> 4 and aged > 18 years from 14 centers in Spain and the
United Kingdom, recruited between July and December
2017. Patients undergoing heart transplantation and pericar-
diectomy were excluded, as were those with severe preop-
erative renal insufficiency, defined as need for Renal
Replacement Therapy (RRT) or estimated GFR < 15 mL-min™
1.73 m2. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board (IRB) (Reference #EPA027/15). The informed
consent was obtained from all patients or their proxies prior
to surgery. The reporting of this study followed the Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Exposure, covariates and outcomes

Patients were classified into groups based on ACEI/ARB use.
The baseline severity of the patients was estimated using
the CCS. The CCS ranges between 0 (lowest risk) and 17
(highest risk) points. This CCS incorporates the following
major risk factors: sex, congestive heart failure, left ven-
tricular ejection fraction < 35% (LVEF < 35%), preoperative
use of Intra-Aortic Balloon Pump (IABP), Chronic Obstructive
Pulmonary Disease (COPD), insulin-requiring diabetes, previ-
ous cardiac surgery, emergency surgery, surgery type (only
coronary artery bypass graft, only valve, and other cardiac
surgeries), and preoperative creatinine.”

The primary outcome was the development of stage 2 or
3 AKI according to KDIGO criteria.?® To apply these criteria,
both creatinine and urine output were measured at Intensive
Care Unit (ICU) admission and at 24h, 48h, 72h, 96h, and 7
days postoperatively. The secondary outcome was in-hospi-
tal mortality.

The inter-center variability was addressed using a standard-
ized Case Report Form (CRF) shared by all participating institu-
tions. The standardized CRF was designed to ensure that all
clinically significant variables related to AKI in cardiac surgery
were strictly defined and captured uniformly across all sites.

Statistical analysis

A post-hoc power sensitivity analysis was conducted to
determine the study’s capacity to detect varying effect sizes
for the primary event. With a total sample size of 249 and a
baseline incidence of 26.1% for stage 2 or 3 AKI (reference
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group: n = 115), the study achieved a statistical power of
72.1% to detect an OR of 2.0. For larger effect sizes, the
power increased to 85.3% (OR = 2.25), 92.9% (OR = 2.5),
96.8% (OR = 2.75), and 98.6% for an OR of 3.0. These results
suggest that the study was sufficiently powered to detect
moderate-to-large clinical effects in the primary analysis.
All other analyses were considered exploratory in nature.
The primary hypothesis of this study was that preopera-
tive ACEI/ARB therapy was associated with an increased risk
of AKI. Consequently, the primary analysis evaluated the
association between ACEI/ARB use and the incidence of
stage 2 or 3 AKI. Secondary analyses included the evaluation
of in-hospital mortality between ACEI/ARB users and non-
users. Furthermore, exploratory secondary analyses were
conducted within the ACEI/ARB user group to compare the
impact of preoperative withholding versus continuation
strategies on both stage 2 or 3 AKI and in-hospital mortality.
Continuous variables were expressed as mean and Stan-
dard Deviation (SD), with comparisons performed using the
Student’s t-test. Categorical variables were presented as
frequencies (%) and analyzed using the Chi-Squared test.
Baseline balance between groups was assessed using Abso-
lute Standardized Mean Differences (ASMD). The association
between treatment exposure and clinical outcomes was first
evaluated using a multivariable logistic regression model.
Results were reported as Odds Ratios (OR) with correspond-
ing 95% Confidence Intervals (95% Cl). The adjusted Risk Dif-
ference (RD) and 95% Cl was calculated. For clinical
interpretation of significant effects, the Number Needed to
Harm (NNH) was determined. To address potential confound-
ing by indication and provide a robust framework for causal
inference, we further used Augmented Inverse-Probability
Weighting (AIPW). This doubly robust estimator was used to
calculate the Average Treatment Effect (ATE). To assess the
robustness of the observed point estimates against unmea-
sured confounding in statistically significant associations,
the E-value was calculated for both the estimate and the
limit of the confidence interval closest to the null. All tests
were two-sided, and p-values < 0.05 were considered to
indicate statistical significance. All statistical analyses were
performed using Stata 19 (StataCorp. 2025. Stata Statistical
Software: Release 19. College Station, TX: StataCorp LLC).

Cardiac surgery:
n = 2775 patients

Results

The patient selection process is illustrated in Figure 1. From
an initial screening of 2,775 cardiac surgery patients, 261 met
the eligibility criteria. Data completeness was generally high.
Missing data for the variables of interest were minimal, lim-
ited to ACEI/ARB use (3.5%) and LVEF < 35% (1.2%), the latter
being the only severity-defining variable with missing values.
Out of 261 eligible patients, 12 (4.6%) were excluded due to
missing data, leaving 249 patients for the final analysis.

The baseline demographic and clinical characteristics of
the study population are summarized in Table 1, categorized
by ACEI/ARB use. A total of 134 patients (53.8%) were ACEI/
ARB users. The cohort had an overall mean age of 69.5 years
(SD = 11.1), with a predominant representation of white
patients (98.4%) and a moderate proportion of women
(39%). On average, patients in the ACEI/ARB group were
slightly older (71.2, SD: 12.4 vs. 67.5, SD = 12.4 years;
AMSD = 0.341; p = 0.009) and showed a higher prevalence of
hypertension (90.3% vs. 73.9%; AMSD = 0.438; p = 0.001),
LVEF < 35% (14.9% vs. 6.1%; AMSD = 0.291, p = 0.025), and
COPD (35.8% vs. 22.6%; AMSD = 0.294; p = 0.023) compared
to non-users. The prevalence of CKD (stage IlI-V) was high
and balanced between groups (77.1%). The patients receiv-
ing ACEI/ARB were more likely to undergo elective surgery
(73.1% vs. 59.1%; AMSD = 0.299; p = 0.019) and had shorter
mean CBP time (124.7, SD: 67.9 vs. 144.8, SD = 71.5
minutes; AMSD = 0.288; p = 0.024). The ACEI/ARB group pre-
sented a lower mean CCS compared to non-users (6.0, SD:
1.5vs. 6.4, SD = 1.5 years; AMSD = 0.255; p = 0.046). No sig-
nificant differences were observed in recorded preoperative
covariates, including hemoglobin levels and GFR, across
both groups. The intraoperative management was compara-
ble between groups, including RBC transfusion rates (61%)
and the use of vasopressors or inotropes.

Association of ACEI/ARB use with the risk of cardiac
surgery-associated stage 2 or 3 AKI and in-hospital
mortality

The overall incidence of stage 2 or 3 AKI was 32.9%. Specifi-
cally, 28.1% of patients developed Stage 1, 12.8% Stage 2,

Exclusions:

Available for analysis:
n = 249 patients

Figure 1

*+ CCS <4(n=2514)
+ Missing data (n = 12)

Study flow diagram. CCS, Cleveland Clinic Score. The diagram illustrates the selection process of patients from the initial

screening to the final analytical sample. Reasons for exclusion are provided according to STROBE guidelines. The CCS is based on ten
major risk factors: sex, congestive heart failure, left ventricular ejection fraction < 35%, preoperative use of intra-aortic balloon
pump, chronic obstructive pulmonary disease, insulin-requiring diabetes, previous cardiac surgery, emergency surgery, surgery type,

and preoperative creatinine.
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Table 1 Characteristics of the study population.

Age (years) 69.5 (11.1)
Women, n (%) 97 (39.0)
Skin color, n (%)
White 245 (98.4)
Black 4(1.6)
BMI (kg.m2) 27.9 (4.9)
Preoperative hemoglobin, g.dL™ 12.1 (2.0)
Preoperative comorbid disease, n (%)
Hypertension 206 (82.7)
Insulin-requiring diabetes 55 (22.1)

CHF 140 (56.2)
LVEF < 35% 27 (10.8)
Previous cardiac surgery 53 (21.3)

COPD 74 (29.7)

Chronic kidney disease stage IlI-V 192 (77.1)
Serum creatinine, mg.dL™ 1.5 (0.6)
eGFR, mL.min™" per 1.73 m? 48.1(20.9)
Serum uric acid, mg.dL™ 7.0 (1.8)
Preoperative use of IABP, n (%) 18 (7.2)
Type of surgery, n (%)

CABG 27 (10.8)

Valve 72 (28.9)

Other cardiac surgeries 150 (60.2)
Timing, n (%)
Elective surgery 166 (66.7)
Urgent / Emergency surgery 83 (33.3)

ccs 6.2 (1.5)

Cross clamp time (minutes) 96.9 (52.0)
CPB time (minutes) 134.0 (70.2)
Intraoperative RBC transfusion, n (%) 152 (61.0)
Intraoperative RBC transfusion (units) 1.7 (1.9)
Nadir hemoglobin, g.dL™' 7.9 (1.4)
Intraoperative dobutamine, n (%) 119 (47.8)
Intraoperative norepinephrine, n (%) 170 (68.3)

67.5 (12.4) 71.2 (9.6) 0.341 0.009
40 (34.8) 57 (42.5) 0.160 0.211
114(99.1) 131 (97.98) 0.111 0.626
1(0.9) 3(2.2)

27.3 (4.5) 28.5 (5.1) 0.265 0.039
11.9 (2.0) 12.3 (2.0) 0.200 0.117
85 (73.9) 121 (90.3) 0.438 0.001
26 (22.6) 29 (21.6) 0.023 0.855
66 (57.4) 74 (55.2) 0.044 0.731
7 (6.1) 20 (14.9) 0.291 0.025
28 (24.4) 25 (18.7) 0.138 0.274
26 (22.6) 48 (35.8) 0.294 0.023
89 (77.4) 103 (76.9) 0.013 0.922
1.6 (0.7) 1.5 (0.5) 0.153 0.234
48.7 (22.2) 47.5 (19.9) 0.055 0.665
6.9 (1.8) 7.1 (1.8) 0.136 0.286
9(7.8) 9 (6.7) 0.043 0.736
11 (9.6) 16 (11.9) 0.043 0.781
35 (30.4) 37 (27.6)

69 (60) 81 (60.5)

68 (59.1) 98 (73.1) 0.299 0.019
47 (40.9) 36 (26.9)

6.4 (1.5) 6.0 (1.5) 0.255 0.046
104.1 (55.5) 90.7 (48.1) 0.257 0.043
144.8 (71.5) 124.7 (67.9) 0.288 0.024
70 (60.9) 82 (61.2) <0.001 0.958
1.7 (2.0) 1.7 (1.9) 0.018 0.886
7.8 (1.4) 8.1(1.3) 0.205 0.116
54 (47.0) 65 (48.5) 0.087 0.807
81 (70.4) 89 (66.4) 0.031 0.497

Data are presented as mean (standard deviation) unless otherwise stated. ASMD, Absolute Standardized Mean Difference; ACEI/ARB,
Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor Blockers; BMI, Body Mass Index; CABG, Coronary Artery Bypass Graft;
CCS, Cleveland Clinic Score; CHF, Congestive Heart Failure; COPD, Chronic Obstructive Pulmonary Disease; CPB, Cardiopulmonary Bypass;
eGFR, estimated Glomerular Filtration Rate; IABP, Intra-Aortic Balloon Pump; LVEF < 35%, Left Ventricular Ejection Fraction < 35%; RBC,

Red Blood Cell.

and 20.1% Stage 3 AKI, with 15.7% requiring RRT. Among
ACEI/ARB users, 52 out of 134 (38.8%) developed stage 2 or 3
AKI, compared to 30 out of 115 (26.1%) in non-users. The
multivariable logistic regression model showed a significant
association between ACEI/ARB and stage 2 or 3 AKI following
cardiac surgery (OR = 2.79; 95% Cl 1.47—5.30; p = 0.002)
after adjusting for age, hypertension, LVEF < 35%, COPD,
preoperative hemoglobin, surgical urgency and CPB time. In
terms of absolute impact, the adjusted RD was 0.188 (95% Cl
0.079-0.298; p = 0.001), which corresponds to a NNH of 5.3
(95% Cl 3.4—12.7). To assess the potential impact of unmea-
sured confounding, our sensitivity analysis yielded an E-
value of 2.73 for the point estimate (with a lower limit of
1.72). This suggests that while the observed effect is
robust to weak confounders, a moderately strong unmea-
sured factor could potentially render the results non-sig-
nificant. These findings remained consistent in sensitivity
analyses using AIPW. The estimated ATE was 0.191 (95% Cl
0.081-0.300; p = 0.001), further supporting the initial

multivariable logistic regression findings. After weighting,
satisfactory balance was achieved, with all ASMD below
0.1 (Supplementary Fig. 1).

The incidence of in-hospital mortality was 18.7% in the
ACEI/ARB group compared with 13.9% in the non-users
group, representing a non-statistically significant trend
toward higher mortality among ACEI/ARB users (adjusted
OR = 1.54; 95% Cl 0.71—-3.34; p = 0.272) (Fig. 2). The ATE for
in-hospital mortality estimated using AIPW remained consis-
tent with this initial observation (ATE = 0.054; 95% CI -0.049
—0.156; p = 0.306).

Clinical outcomes of ACEI/ARB withholding 48 hours
prior to the surgery compared with continuation
until the day before surgery

The 134 ACEI/ARB users were analyzed to explore the
impact of the preoperative ACEI/ARB management strate-
gies (65 patients in the continuing group and 69 patients in
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Figure 2

Risk of cardiac surgery-associated stage 2 or 3 AKI and in-hospital mortality according to the use of ACEI/ARB. 95% Cl,

95% Confidence Interval; ACEI/ARB, Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor Blockers; AKI, Acute Kidney

Injury; OR, Odds Ratio.

the withholding group). The incidence of Stage 2 or 3 AKI
was 40.0% in the continuing group compared to 37.7% in the
withholding group. After adjustment for age, preoperative
hemoglobin levels, hypertension status, LVEF < 35%, chronic
obstructive pulmonary disease, surgical urgency, and cardio-
pulmonary bypass time, withholding treatment was not asso-
ciated with a significant reduction in the risk of AKI
(adjusted OR = 0.68; 95% Cl 0.30—1.51). Furthermore, the
ATE showed a non-significant risk difference of -8.3 percent-
age points (95% Cl -23.7% to 7.2%; p = 0.293). These results
provide a hypothesis-generating signal suggesting a poten-
tial benefit of ACEI/ARB discontinuation 48 hours before sur-
gery (Table 2).

Similarly, in-hospital mortality was lower in the withhold-
ing group (15.9% vs. 21.5%), although this difference did not
reach statistical significance (adjusted OR = 0.78; 95% ClI
0.29-2.07). The ATE for mortality was -3.4 percentage
points (95% Cl -15.3%—8.6%; p = 0.581). Consistent with the
AKI findings, these results suggest a potential, albeit non-sig-
nificant, trend toward improved clinical outcomes with pre-
operative ACEI/ARB discontinuation (Table 3).

Discussion

This study suggests a potential association between ACEI/
ARB use and a greater likelihood of cardiac surgery-associ-
ated stage 2 or 3 AKI in high-risk cardiac surgery patients.
While withholding ACEI/ARB for 48 hours prior to surgery
may offer some potential benefits over continuing ACEI/
ARB until the day before surgery, the statistical signifi-
cance was lacking, and so further studies are needed to

confirm this association and establish its clinical rele-
vance. These results are consistent with some existing evi-
dence and contribute to clarifying controversial findings in
the literature.

These findings are consistent with previous studies
regarding the association between cardiac surgery-associ-
ated AKI and the use of ACEI/ARB vs. nonusers, 3232427

A metanalysis of 69,027 patients from four prospective
trials and 25 retrospective observational studies found that
preoperative RAS-blocker use was associated with an
increased incidence of postoperative AKI (OR = 1.17; 95% Cl
1.01-1.36; p = 0.04) and mortality (OR = 1.20; 95% Cl 1.06-
1.35; p = 0.005).2 A prospective cohort study of 1,594 adults
undergoing cardiac surgery found that ACEI/ARB use was
associated with functional AKI in patients who had no treat-
ment (31%), discontinued treatment (34%), or continued
treatment (42%; p for trend 0.03). However, it was not asso-
ciated with structural AKI (neutrophil gelatinase-associated
lipocalin, kidney injury molecule-1, interleukin-18, or liver
fatty acid-binding protein).?” Furthermore, data from a
meta-analysis of thirteen studies, 3 Randomized Clinical Tri-
als (RCT) and 10 observational studies including 31,390
patients, found that the use of ACEl was associated with an
increase risk of hypotension and postoperative renal dys-
function, but had no significant impact on the risk of early
mortality in patients undergoing on-pump CABG.%* The
hypothesis about the mechanism which might be involved in
the increase risk of AKI after cardiac surgery is that ACEI/
ARB may cause dilatation of the efferent glomerular arteri-
ole leading to a reduced GFR, as well as, a higher risk
of hypotension and vasogenic shock leading to renal
hypoperfusion.'3:18:21-24
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Table 2 Association between preoperative ACEI/ARB management strategies and postoperative stage 2 or 3 acute kidney injury.

Continuing 65 40 Reference Reference —0.083 0.293
Withholding 69 37.7 0.91 (0.45 — 1.82) 0.68 (0.30 — 1.51) (—0.237 — 0.072)

95% Cl, 95% Confidence Interval; AKI, Acute Kidney Injury; ATE, Average Treatment Effect. Continuing was defined as treatment until the
day before surgery. Withholding was defined as cessation 48 hours or more before surgery. The OR derived from logistic regression models.
The multivariable logistic regression model was adjusted for age, preoperative hemoglobin levels, hypertension status, left ventricular
ejection fraction < 35%, chronic obstructive pulmonary disease, surgical urgency, and cardiopulmonary bypass time. The ATE (risk differ-

ence) was estimated using an adjusted augmented inverse probability weighting model. The p-value refers to the ATE estimate.

In contrast, several other observational studies showed
that the preoperative use of ACEI is not associated to AKI
after cardiac surgery.®'%2® A large-scale meta-analysis of
76,321 patients (including 2 RCT plus 21 cohort studies)
showed no association between AKI and patients who
received perioperative Renin-Angiotensin System Inhibitors
(RASI) preoperatively compared to those who did not receive
them.® However, the heterogeneity in this study was rela-
tively high. Most of the included studies were cohort studies
(only 2 studies were RCT). A large retrospective cohort study
also observed that the use of ACEI was not associated with
AKI and was associated with less mortality after cardiac sur-
gery.'® However, the retrospective design of this study
involves several limitations. Another recent observational
retrospective cohort study, including propensity score match
analysis, also observed that the use of preoperative ACEI
within 48h of Coronary Artery Bypass Graft (CABG) surgery
was associated with a decrease in AKI and early mortality at
30 days after CABG. However, patients in this cohort were
significantly lower-risk patients for developing AKI than our
cohort (overall AKI 6.6% vs. 58.6%)."

Our findings regarding “withholding vs maintenance” of
ACEI before cardiac surgery are also consistent with previous
studies.?”>' A multicentric observational study on 1,072
patients undergoing cardiac surgery showed that the main-
tenance of ACElI compared to withholding ACEIl 24h before
surgery was not associated to AKI after adjusting by propen-
sity matching.?’ A RCT of 121 patients under current treat-
ment with ACEI/ARB and undergoing cardiac surgery
demonstrated no between-group differences in the inci-
dence of cardiac surgery-associated AKI (1.7% vs. 1.6%,
p = 0.991) between patients who kept taking their ACEI/ARB
until the day of surgery and those who discontinued 48 hours
before surgery.3® A meta-analysis of 1,663 patients from
three RCTs and three prospective cohort studies found no
significant between-group difference between patients who

continued therapy versus those who discontinued their
ACEI/ARB 24-48h before cardiac surgery (RR = 1.17, 95% CI
0.99—1.38).3" Pigott et al. carried out a RCTwith 40 patients
undergoing CABG that were assigned to either discontinue or
continue their ACElI medication until the day before surgery.
Notably, the patients who discontinued ACEI in this study
were more likely to have hypertension and required less vas-
opressors and more vasodilators for blood pressure con-
trol." The optimal timing for withholding ACEI/ARB is not
clear. Future research could investigate whether longer
time (4 days or higher vs. 24-48h) is required for withholding
ACEI before cardiac surgery.

Our results can be also interpreted within the framework
of the ACC/AHA 2024 guidelines for perioperative cardiovas-
cular management for non-cardiac surgery, which recom-
mend an individualized approach to perioperative ACE
inhibitor and ARB management based on the indication for
therapy and surgical risk. On one hand, for patients taking
ACEIs/ARBs for hypertension, omission 24 hours before sur-
gery may be beneficial to limit intraoperative hypotension
(Class 2b, Level B-R). On the other hand, for patients with
an indication for Heart Failure with reduced Ejection Frac-
tion (HFrEF), perioperative continuation is reasonable (Class
2a, Level C-E0).*

An important consideration is that patients with high (SBP
> 160 mmHg) or low (SBP < 105 mmHg) blood pressure are
excluded from RCTs, and enrollment of high-risk patients,
including those with HFrEF, has been limited.>3

The most recent and largest RCT on the use of ACEls or
ARBs in non-cardiac surgery, published after the ACC/AHA
2024 guidelines, showed similar rates of all-cause mortality
and major postoperative complications. However, patients
randomized to the continuation strategy had more episodes
of intraoperative hypotension, and these episodes lasted
longer.** Furthermore, a posterior 2025 meta-analysis of five
RCTs on 10,773 patients confirmed that discontinuation of

Table 3 Association between preoperative ACEI/ARB management strategies and in-hospital mortality.
Continuing 65 21.5 Reference Reference —0.034 0.581

Withholding 69 15.9 0.69 (0.29 — 1.66) 0.78 (0.29 —2.07) (—0.153 — 0.086)

95% Cl, 95% Confidence Interval; ATE, Average Treatment Effect. Continuing was defined as treatment until the day before surgery. With-
holding was defined as cessation 48 hours or more before surgery. The OR derived from logistic regression models. The multivariable logis-
tic regression model was adjusted for age, preoperative hemoglobin levels, hypertension status, left ventricular ejection fraction < 35%,
chronic obstructive pulmonary disease, surgical urgency, and cardiopulmonary bypass time. The ATE (risk difference) was estimated using
an adjusted augmented inverse probability weighting model. The p-value refers to the ATE estimate.

6
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ACEIs/ARB likely reduces perioperative hypotension but sug-
gested little to no difference in major clinical outcomes,
including AKI, AHF, MI, stroke, and arrhythmias.>*

Regarding the timing for resuming these agents postoper-
atively, some observational data suggest that withholding
these medications for more than 48h is associated with
increased mortality risk in non-cardiac surgery.3® However,
in cardiac surgery, withholding these medications for 48h
postoperatively is part of the KDIGO bundle to reduce AKI
risk, as shown in several RCTs in cardiac surgery.>®3” This
patient-centered rationale, which also emphasizes commu-
nication with anesthesiologists when favoring continuation,
could similarly apply to high-risk cardiac surgery patients,
given the shared concerns for hemodynamic instability and
the need to balance short-term risks against long-term bene-
fits for underlying conditions.

Our study has some limitations that should be considered.
While our findings provide evidence for high-risk patients
(CCS > 4), their extrapolation to lower-risk groups warrants
cautious interpretation. Significant baseline imbalances per-
sisted despite the selection of a homogeneous cohort of
high-risk patients. To account for these differences, a multi-
variable adjustment for relevant covariates was performed
to minimize residual confounding. Additionally, AIPW was
used as a doubly robust estimation method to address poten-
tial confounding by indication. As with most observational
studies, we cannot exclude the possibility of residual
unmeasured confounding. Specifically, the study lacks data
on several clinically meaningful variables, such as Major
Adverse Kidney Events (MAKE) at 30 and 90 days (including
persistent AKI at 30 or 90 days), intraoperative Mean Arterial
Pressure (MAP) nadir, fluid balance, glycemic control, and
nephrotoxic exposure. Furthermore, information regarding
specific ACEIl or ARB agents, including dose, duration, and
indication, was not available. Finally, the preoperative
ACEI/ARB management strategy decision was clinician
driven. This reflects ongoing clinical controversy and may
also introduce confounding by indication, as unstable
patients are more susceptible to treatment interruption,
potentially biasing results in favor of the continuation group.
Center-level clustering was not accounted for, leaving
potential residual confounding from institutional variability.

The study’s strengths include its prospective design and
the use of pragmatic, real-world data from a high-risk car-
diac surgery population. Methodological rigor is further
underpinned by the adoption of a consensus AKI definition
based on Kidney Disease: Improving Global Outcomes
(KDIGO) criteria, while an international multicenter collabo-
ration across 14 cardiothoracic hospitals reinforces broad
generalizability.

Future research could investigate the optimal timing for
withholding ACEI/ARB in different patient subgroups and
explore the potential benefits and risks of this strategy. Ran-
domized controlled trials would be valuable for providing
definitive evidence on the impact of ACEI/ARB withholding
on cardiac surgery-associated AKI outcomes.

Conclusion

In this multicenter prospective cohort study of high-risk car-
diac surgery patients, we observed an association between

preoperative ACEI/ARB use and a higher incidence of stage 2
or 3 AKI. Further research is warranted to provide evidence-
based guidelines for the management of these patients.
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KEYWORDS Abstract
Algorithms; Background: Red Blood Cell (RBC) transfusion in cardiac surgery is associated with risks. Conven-
Artificial intelligence; tional prediction scores lack accuracy, conflicting with Patient Blood Management (PBM) princi-
Blood transfusion; ples. Artificial Intelligence (Al) offers a potential avenue for developing precise, data-driven
Cardiac surgical predictive models to enhance clinical decision-making and optimize patient outcomes.
procedures; Methods: A systematic review and meta-analysis of diagnostic test accuracy studies was con-
Erythrocyte ducted following PRISMA guidelines, searching PubMed, Embase, and Cochrane Library databases
transfusion; until April 2025. Studies developing Al models to predict intraoperative Red Blood Cell (RBC)
Prediction algorithms transfusions in adult cardiac surgery were included. Pooled sensitivity, specificity, and Area

Under the receiver operating Characteristic Curve (AUC) were calculated using a bivariate ran-
dom-effects model. To summarize overall diagnostic performance, Summary Receiver Operating
Characteristic curves were generated.

Results: Five studies encompassing 3,063 patients were analyzed in the meta-analysis. Al mod-
els demonstrated high pooled specificity, ranging from 86.3% (95% Cl 82.8%-89.1%) to 93.6% (95%
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Cl 84.3%-97.6%), whereas pooled sensitivity ranged from 50.3% (95% Cl 20.9%-79.6%) to 55.7%
(95% CI 33.8%-75.6%). AUC values ranged between 0.793 (95% Cl 0.634-0.899) and 0.892 (95% Cl
0.740-0.943). Preoperative hemoglobin levels and patient age were consistently identified as
clinical predictors for intraoperative RBC transfusion.

Conclusion: This systematic review and meta-analysis suggests that Al models may have poten-
tial for predicting intraoperative RBC transfusion in cardiac surgery, with consistently high speci-
ficity but only moderate sensitivity. However, given the low certainty of evidence, substantial
heterogeneity, and reliance on non-standardized transfusion practices, these findings should be

interpreted cautiously.

© 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

Intraoperative Red Blood Cell (RBC) transfusion is com-
mon in cardiac surgery, a context often complicated by
hypovolemia and impaired tissue perfusion. However,
transfusions carry risks, including infection, lung injury,
transfusion-related immunomodulation, and increased
morbidity and mortality."® Patient Blood Management
(PBM) has emerged as a multimodal, evidence-based approach
to optimize transfusion outcomes and enhance patient safety.
PBM is structured around three pillars: 1) Optimizing red blood
cell mass via screening, diagnosis, and treatment of anemia
and iron deficiency; 2) Minimizing surgical and iatrogenic
blood loss while managing bleeding and coagulopathies perio-
peratively; and 3) Optimizing physiological tolerance to ane-
mia by improving oxygen delivery and reducing oxygen
demand.”® This definition also underscores the need for
shared decision-making, actively involving patients in the
management of their own blood.

Despite increasing adoption of PBM principles, predict-
ing intraoperative RBC transfusion in cardiac surgery
remains challenging. Clinicians largely depend on general
risk models, such as the STS score and EuroSCORE, which
are designed to estimate mortality and major morbidity
rather than hematological requirements.'®'" Although
transfusion-specific tools, including “Transfusion Risk and
Clinical Knowledge” (TRACK) and “Transfusion Risk Under-
standing Scoring Tool” (TRUST), have been developed to
address this limitation, their predictive performance
remains limited, resulting in reliance on clinical judgment
and the team’s prior experience.?'? The absence of reli-
able prediction methods contributes to blood component
overuse and increasing perioperative risk, in conflict with
PBM principles. 2% 13

In this scenario, Artificial Intelligence (Al) emerges as a
promising strategy to overcome these limitations and
improve perioperative blood management. Al enables the
analysis of high-dimensional clinical data to develop predic-
tive models, with approaches varying in methodology and
complexity.”*'3 These approaches aim to support clinical
decision-making, reduce unnecessary transfusions, mitigate
patient risk, and optimize the use of blood products and hos-
pital resources. Accordingly, this systematic review and
meta-analysis evaluates the statistical robustness of differ-
ent Al models for predicting intraoperative RBC transfusion
in cardiac surgery.

Methods
Study design and protocol registration

This systematic review and meta-analysis was conducted
in accordance with the guidelines of the Cochrane
Collaboration'*'> and the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement.'®
The protocol was registered on September 16, 2025, before
data extraction, in the International Prospective Register
of Systematic reviews (PROSPERO) under registration
CRD420251146515.

Research question

The research question was elaborated using the PIT frame-
work for diagnostic test accuracy meta-analysis, as recom-
mended by the Cochrane Handbook for Systematic Reviews
of Diagnostic Test Accuracy (v2.0): Population (P) - patients
undergoing cardiac surgery; Index test (I) - use of Al algo-
rithms; Target condition (T) — Occurrence of RBC transfusion
in the intraoperative period (described as “intraoperative”
in four out of five articles, and “from the initiation of surgery

until discharge to the intensive care unit” in Cunha et al.)>'*
Data sources
Searches were systematically conducted in PubMed,

Embase, and Cochrane Library, up to April 15, 2025.

Search methods

The first author (F.V.) developed search strategies (Supple-
mentary Table 1). A search of the reference lists of the stud-
ies included was conducted to ensure that no other relevant
studies were overlooked.

Eligibility criteria

This systematic review included studies evaluating the pre-
dictive accuracy of Al models for intraoperative RBC transfu-
sion in adult patients undergoing cardiac surgery. Eligible
studies reported the target population, applied Al-based
index tests, and assessed intraoperative RBC transfusion
prediction accuracy. Studies involving inappropriate popula-
tions, case reports, ongoing trials, conference abstracts,
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editorials, letters, comments, and studies without final results
were also excluded.

Study selection

Retrieved articles were imported into the Rayyan systematic
review platform,"” deduplicated, and independently screened
by three reviewers (F.V., L.B., J.Y.). Full texts were subse-
quently assessed when eligibility was unclear, and studies
meeting the criteria were included (Fig. 1). Disagreements
were resolved by a supervising reviewer (L.D.).

Outcomes

Outcomes assessed in this review were the pooled sensitivity,
specificity, and Area Under the Curve (AUC) for Al algorithms
eligible for statistical analysis. All Al models assessed in two
or more articles were included in this evaluation. To ensure
stable pooled estimates and sufficient statistical power,
models evaluated in four or more studies are described

individually. Models assessed in fewer than four studies are
summarized under “Other models” in the Results, with
their Summary Receiver Operating Characteristic (SROC)
curves and supplemental graphs provided in the Supple-
mentary Material. Due to the limited sample sizes, results
for these models should be interpreted with caution.

Data extraction

Three blinded reviewers (J.Y., G.A., and A.R.) indepen-
dently extracted data from each study, including authorship,
year of publication, country, and patient characteristics
(sample size per group, age, and sex), as well as predictors,
Al models, type of surgery, hemoglobin, hematocrit, and
diagnostic performance metrics (sensitivity, specificity,
accuracy, and precision). Data were collected using Google
Sheets and cross-checked for accuracy (Table 1). Corre-
sponding authors were contacted by email to obtain missing
data; no responses were received.

[ Identification of studies via databases and registers
§ Rec&ggt?ﬁg'{f: f;g;n) Records removed before
5 Embase (n = 366 SEroening:
5.‘:3 Coch ( L'_b ) - 1 Duplicate records removed
= ochrane Library (n=1) (n = 47)
@
2 Total (n = 549)
)
)
Records screened | .| Records excluded
(n = 502) (n=479)
)
c
=
3
3] . Reports excluded (n = 18)
77} ElliJIIi éﬁﬁt records assessed for Wrong outcome (n = 10)
g_ 23y Wrong publication type (n = 3)
(n=23) Wrong index test (n = 5)
S
)
°
Q
s
© Studies included in review
o
= (n=3)

Figure 1

3

PRISMA flow diagram of study screening and selection.
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Quality assessment and risk of bias

The methodological quality of each study was verified using
the PROBAST-AI'® tool by two blinded authors (R.C. and
G.A.). This tool covers four domains, as follows: patients,
predictors, outcome, and analysis. The first author (F.V.)
resolved any discrepancies. Two authors (R.C., G.A.) inde-
pendently assessed studies for quality and certainty of evi-
dence in accordance with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) tool. "

Statistical analysis

As per the Cochrane Handbook for Systematic Reviews of
Diagnostic Test Accuracy (v2.0),'* the components of the
2x2 contingency table - True Positives (TP), True Negatives
(TN), False Positives (FP), and False Negatives (FN) were
calculated using the sensitivity and specificity values
reported for the testing set in the original study. The number
of TP and TN cases were calculated as:" TP = (Total trans-
fused patients) x Sensitivity;?2 TN = (Total non-transfused
patients) x Specificity. Subsequently, the number of False
Positives (FP) and False Negatives (FN) were derived:?
FP = (Total non-transfused patients) — TN;* FN = (Total trans-
fused patients) — TP (Supplementary Table 2), rounding
results to the nearest integer. When the exact number of
transfused patients in the testing set was not reported, it
was assumed that the transfused-to-non-transfused ratio
matched that of the randomly assigned training set. This
assumption applied to two studies, Liu et al.* and Sun et al.®
As both studies showed high stability and negligible discrep-
ancies in comparative validation and sensitivity analyses,
this assumption likely did not bias the pooled estimates.

For studies reporting medians and interquartile ranges,
Luo’s method?® was applied to approximate the mean, and
Wan’s method?' to estimate the SD. Statistical analysis was
performed in R (version 4.4.1)2% utilizing the Mada* and
meta packages.?* In accordance with the Cochrane Hand-
book,'* a hierarchical approach was employed to synthesize
model performance while accounting for the inherent corre-
lation between sensitivity and specificity.

A bivariate random-effects meta-analysis was implemented
using the Reitsma function in the Mada R package, using
restricted maximum likelihood estimation. As described by
Reitsma et al.,?> this model analyzes logit-transformed sen-
sitivity and false positive rates. This hierarchical framework
accounts for two levels of variability: within-study sampling
error and between-study heterogeneity. This bivariate
approach is mathematically equivalent to the Hierarchical
Summary Receiver Operating Characteristic (HSROC) model
proposed by Rutter and Gatsonis?® in the absence of covari-
ates,?” which is the case of this meta-analysis. The thresh-
old effect was evaluated primarily through bivariate
modeling, as recommended by Reitsma et al.”®

Heterogeneity was quantified using the Zhou and Dendu-
kuri approach?® for bivariate %, which represents the pro-
portion of total variation attributable to between-study
inconsistency. We also examined the between-study vari-
ance components (t) for both sensitivity and the false posi-
tive rate. Diagnostic performance was visualized using SROC
curves. A prediction region could not be traced due to the
low number of included studies.'"'> The Area Under the

Curve (AUC) was derived directly from the parameters of
the bivariate model as a global measure of accuracy. Small-
study effects and publication bias were assessed using
Deeks’ asymmetry test on the diagnostic odds ratio.™

To assess potential bias from rounding methods and strat-
ification assumptions, a comparative analysis was conducted
(Supplementary Material). Diagnostic parameters were
recalculated from reconstructed 2x2 tables using three
rounding strategies (floor, ceiling, and nearest integer) and
compared with the metrics originally reported by the
authors. Although discrepancies remained negligible across
all rounding approaches, rounding to the nearest integer
consistently provided the closest approximation to the
reported values.

Across four out of five included studies, these discrepan-
cies are negligible. However, the study by Zhou et al." exhib-
ited substantial discrepancies despite the availability of
explicit transfused and non-transfused patient counts for
the testing set. Therefore, a supplementary sensitivity anal-
ysis was conducted by excluding this study, which did not sig-
nificantly change results (Supplementary Fig. 1).

Results
Study selection

The systematic literature search yielded 549 records
(Fig. 1). After the removal of 47 duplicates, 502 unique
articles were screened, which led to the exclusion of 479
studies. The full texts of the remaining 23 articles were
assessed for eligibility. Of these, 18 studies were excluded
for reasons including the use of incorrect index tests (n = 5),
publication as congress abstracts or errata (n = 3) or report-
ing of irrelevant outcomes (n = 10). Ultimately, five studies
were included in the meta-analysis.'*®

Baseline characteristics

This analysis is based on five retrospective studies, encom-
passing a total cohort of 3,063 patients who underwent vari-
ous cardiac surgical procedures, including aortic, tricuspid,
and mitral valve replacement or implantation, as well as
Minimally Invasive Direct Coronary Artery Bypass (MIDCAB).

The pooled weighted mean age of the patient cohort was
59.15 + 12.67 years, with a sex distribution of 1,879
(61.35%) male and 1,184 (38.65%) female patients. A total of
926 patients (30.23%) received RBC transfusion during the
intraoperative period; the proportion of transfused patients
ranged from 13.97% to 57.37% among studies. Table 1 presents
which Al models were evaluated in each included study and
detailed baseline characteristics of patients.

Risk of bias and certainty of evidence

The methodological quality was consistent among the stud-
ies, as detailed in the PROBAST-AI'® assessment (Supplemen-
tary Fig. 2). The risk of bias was low for the participants in
all studies except for Chen et. al.? Predictors and outcome
domains were rated as low risk of bias across every study.
The analysis domain presented a high risk of bias for all



F.G. Valério, A.C. Rodrigues, D.R. de Amorim et al.

studies, due to lack of model calibration and clinical utility
assessment.

According to the GRADE analysis'® (Supplementary Fig. 3),
the overall certainty of evidence for the test’s diagnostic
accuracy was rated as low. This determination resulted
from downgrading the evidence due to two critical limita-
tions. A serious risk of bias was identified, stemming from
the subjective nature of the reference standard. Addition-
ally, there were serious concerns with inconsistency, driven
by significant performance heterogeneity among the Al
algorithms evaluated.

Best-performing model included studies and key
predictive features

To determine the key predictors for intraoperative RBC
transfusion, four of the five studies">*® employed SHAP
(SHapley Additive exPlanations) analysis?® on their best-per-
forming model. The remaining study by Cunha et al.? utilized
a permutation importance analysis for the same purpose.
This technique evaluates feature importance by randomly
permuting its values; the resulting change in model perfor-
mance reflects the degree of reliance on that feature.°

The resulting top-performing models and their complete
sets of identified predictors varied across the analyses. The
study by Sun et al.® identified Extreme Gradient Boosting as
the most accurate model, listing hemoglobin, prothrombin
time, Body Mass Index (BMI), coronary heart disease with
additional comorbidities, and a history of percutaneous coro-
nary intervention as its key predictors. In contrast, Chen et al.>
found a Logistic Regression algorithm to be superior, with its
most essential predictors being sex, hemoglobin, hematocrit,
weight, and age. Categorical Boosting was the optimal model

Table 2

in two different studies, although each highlighted distinct fea-
ture sets. The model by Liu et al.* prioritized hematocrit,
age, the surgeon responsible for the procedure, weight, and
BMI. Meanwhile, the analysis by Zhou et al." identified sex,
hemoglobin, ferritin, Alanine Transaminase (ALT), and total
bilirubin as significant factors. Lastly, the statistical
approach by Cunha et al.> was limited to five predictors,
which were, in order of importance: hemoglobin, age, body
surface area, cardiopulmonary bypass, reoperation status,
and sex, reporting Logistic Regression as its best-performing
Al model. Despite the varied models and predictors, preop-
erative hemoglobin and patient age consistently emerged as
highly significant across multiple studies (Table 2).

Performance of Al models

Logistic Regression model

The meta-analysis showed that the Logistic Regression
model (Fig. 2a) achieved a pooled sensitivity of 0.557 (95%
Cl 0.338-0.756) and a pooled specificity of 0.891 (95% Cl
0.758-0.956). The overall diagnostic accuracy was reflected
by an AUC of 0.820 (95% Cl 0.635-0.905). Threshold-related
variation was handled through the bivariate random-effects
framework, which preserves the two-dimensional nature of
the data by jointly analyzing sensitivity and specificity.
Within this joint distribution, the model estimated
between-study standard deviations for sensitivity (0.954)
and specificity (1.037). In the ROC space, the 95% confidence
ellipse illustrates the region containing likely combinations
of the mean sensitivity and specificity values. The orienta-
tion and spread of this ellipse, along with the concave shape
of the curve, are consistent with the presence of a threshold
effect. As an exploratory finding within the bivariate

The most important predictors for the best-performing model in each study.

Sun, 2024° Extreme Gradient Boosting SHAP
Liu, 20214 Categorical Boosting SHAP
Chen, 20243 Logistic Regression SHAP
Cunha, 20232 Logistic Regression PI

Zhou, 2024’ Categorical Boosting SHAP

Hb, PT, BMI, coronary heart disease, history of PCI,
weight, heart rate, PLT, fibrinogen, creatinine, TG, CRP,
NT-proBNP, multiple CABG, APTT, apo-B, BV, RBC, Tn,
LDL-C.

HCT, age, name of surgeon, weight, BMI, height, anemia,
operation type, Hb, RBC, tricuspid valve procedure, PLT,
sex, ASA, ALT, AST, mitral valve procedure, PT, INR, creat-
inine.

Sex, Hb, HCT, weight, age, MCH, PT, fibrinogen, stature,
operation type, GLB, URIC, TBIL, DBIL, HBDH, RDW-SD,
TG, A/G, NYHA, IBIL.

Hb, age, BSA, CPB, redo, sex.

Sex, Hb, ALT, ferritin, fibrinogen, TBIL, LVEF, albumin,
creatinine, APTT, TAST, PLT, folic acid, vitamin B12, TT,
HbA1c.

A/G, albumin/globulin; ALT, alanine transaminase; APTT, activated partial thromboplastin time; ASA, American Society of Anesthesiolo-
gists; AST, aspartate transaminase; BMI, body mass index; BSA, body surface area; BV, blood volume; CABG, coronary artery bypass graft-
ing; CPB, cardiopulmonary bypass; CRP, C-reactive protein; DBIL, direct bilirubin; GLB, globulin; Hb, hemoglobin; HbA1c, glycated
hemoglobin; HBDH, hydroxybutyrate dehydrogenase; HCT, hematocrit; IBIL, indirect bilirubin; INR, international normalized ratio; LDL-C,
low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MCH, mean corpuscular hemoglobin; NT-proBNP, N-terminal
pro-brain natriuretic peptide; NYHA, New York Heart Association; PCl, percutaneous coronary intervention; PLT, platelet; Pl, permutation
importance; PT, prothrombin time; RBC, red blood cell; RDW-SD, red cell distribution width-standard deviation; SHAP, Shapley Additive
Explanations; TAST, transferrin saturation; TBIL, total bilirubin; TG, triglycerides; Tn, troponin; TT, thrombin time; URIC, uric acid.
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a. Sensitivity and specificity, funnel plot, and bivariate analysis of Logistic Regression
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<. Sensitivity and specificity, funnel plot, and bivariate analysis of Decision Tree
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d. Sensitivity and specificity, funnel plot, and bivariate analysis of Extreme Gradient Boosting
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Figure 2
(c); Gradient Boosting (d); Categorical Boosting (e).

framework, a correlation of 0.833 was noted between the
logit-transformed measures. Regarding broader heterogeneity,
the Zhou and Dendukuri?® approach estimated a bivariate I of
41.5%, pointing to a moderate level of heterogeneity. Deeks’
funnel plot asymmetry test showed no significant asymmetry
(t =-1.36, p = 0.268).

Random Forest

The Random Forest model (Fig. 2b) showed a summary sensi-
tivity of 0.511 (95% ClI 0.298-0.720) and specificity of 0.903
(95% Cl 0.754-0.966), with an AUC of 0.793 (95% Cl 0.634-
0.899). Within the bivariate joint distribution, the model
estimated between-study standard deviations of 0.954 for
sensitivity and 1.208 for specificity. In the ROC space, the
orientation and spread of the 95% confidence ellipse are con-
sistent with the presence of a threshold effect. As an explor-
atory finding, a correlation of 0.928 was estimated between
the logit-transformed measures. Bivariate 1> was 32.7%,
reflecting moderate heterogeneity. Deeks’ funnel plot asym-
metry test indicated no significant publication bias (t = -
0.20, p = 0.854).

Decision Tree model

For the Decision Tree model (Fig. 2c) the meta-analysis
yielded a pooled sensitivity of 0.541 (95% Cl 0.390-0.685)
and a pooled specificity of 0.863 (95% Cl 0.828-0.891). The
overall diagnostic performance was strong, with an AUC of
0.862 (95% Cl 0.595-0.887). The model estimated between-
study standard deviations of 0.515 for sensitivity and 0.016

0 10 20 W 40 0 6 70 8 9 100

1- Specificity (%, False Posiive Rate)

Sensitivity, specificity, funnel plot and bivariate analysis of Logistic Regression (a); Random Forest (b); Decision Tree

for specificity. In the ROC space, the orientation and spread
of the 95% confidence ellipse are not consistent with the
presence of a threshold effect. As an exploratory finding, a
correlation of -1.000 was estimated between the logit-trans-
formed measures. Between-study heterogeneity was mini-
mal, with the Zhou and Dendukuri approach estimating a
bivariate I? of 0%. Evaluation of small-study effects using
Deeks’ funnel plot asymmetry test was non-significant
(t=0.03, p=0.980).

Extreme Gradient Boosting model

The Extreme Gradient Boosting model (Fig. 2d) showed a
pooled sensitivity of 0.535 (95% CI 0.278-0.774) and specific-
ity of 0.917 (95% CI 0.843-0.957), with an AUC of 0.886 (95%
Cl 0.716-0.929). The model estimated between-study stan-
dard deviations of 1.044 for sensitivity and 0.646 for speci-
ficity. In the visual ROC space, the orientation and spread of
the 95% confidence ellipse are consistent with the presence
of a threshold effect. As an exploratory finding, a correlation
of 1.000 was estimated between the logit-transformed
measures. Bivariate > was 0%, suggesting minimal residual
heterogeneity attributable to sampling error and consistent
discriminative performance across studies. Deeks’ funnel
plot asymmetry test indicated no significant publication bias
(t=-1.37, p=0.303).

Categorical Boosting model
The Categorical Boosting model showed a pooled sensitivity
of 0.503 (95% ClI 0.209-0.796) and specificity of 0.936 (95%
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Cl1 0.843-0.976), with an AUC of 0.892 (95% CI 0.740-0.943).
Within the bivariate joint distribution, the model estimated
between-study standard deviations of 1.308 for sensitivity
and 0.953 for specificity. In the ROC space, the orientation
and spread of the 95% confidence ellipse are consistent with
the presence of a threshold effect. As an exploratory find-
ing, a correlation of 1.000 was estimated between the logit-
transformed measures. Bivariate I was 0%, suggesting resid-
ual heterogeneity is due to sampling error. Deeks’ funnel
plot asymmetry test was significant (¢ = -5.33, p = 0.033),
indicating potential publication bias or small-study effects
affecting pooled estimate reliability.

Other models

The diagnostic performance of Al architectures evaluated in
fewer than four studies is detailed below, with full outputs
available in Supplementary Figures 4-11. The Adaptive
Boosting (n = 3), Gradient Boosting (n = 3), Support Vector
Machine (n = 3), and Gradient Boosting (n = 3) demonstrated
varied discriminative capabilities. Adaptive Boosting
achieved an AUC of 0.867 (95% Cl 0.543-0.897) with a pooled
sensitivity of 0.494 (95% ClI 0.265-0.725) and specificity of
0.871 (95% Cl 0.833-0.902); its negligible heterogeneity
(? = 0%), moderate threshold correlation (r = 0.632), and
95% confidence ellipse suggest that variability was driven by
random sampling error. Support Vector Machine showed neg-
ligible heterogeneity (/% = 2.1%) and an AUC of 0.698 (95% Cl
0.658-0.883). The Gradient Boosting model presented a
moderate level of inconsistency (/? = 50.9%) despite an AUC
of 0.815 (95% CI 0.456-0.924). The Extra Trees model (n = 3)
yielded an AUC of 0.770 (95% Cl 0.451-0.939). Other ana-
lyzed models were K Nearest Neighbor (n = 2; AUC = 0.786),
Light Gradient Boosting (n = 2; AUC = 0.699), Linear Discrimi-
nant Analysis (n = 2; AUC = 0.902), and Multilayer Perceptron
(n=2; AUC=0.776).

Discussion

This systematic review and meta-analysis suggests that Al
models may have potential for predicting intraoperative
RBC transfusion in cardiac surgery; however, this interpreta-
tion is limited by low certainty of evidence, substantial
heterogeneity, and restricted generalizability. Across five
studies with 3,063 patients, models consistently exhibited
high specificity (ranging from 86.2% for Decision Tree to
93.6% for Categorical Boosting) and moderate sensitivity
(ranging from 50.3% for Categorical Boosting to 55.7% for
Logistic Regression). The consistently high specificity observed
across models suggests that positive predictions may help
identify patients at higher likelihood of receiving transfusion
within the studied contexts. However, the moderate-to-low
sensitivity indicates that a negative prediction is not enough
to rule out the need for blood.?! Importantly, the predicted
outcome reflects transfusion events determined by local clini-
cal practice rather than a standardized or objective measure
of physiological need, which limits clinical interpretability.

Predictive variables

Predictive features for intraoperative RBC transfusion were
heterogeneous, but preoperative hemoglobin and patient

age consistently emerged as key risk factors. Other impor-
tant predictors include sex, hemoglobin, hematocrit,
weight, and mean corpuscular hemoglobin, which reflect
blood volume; fibrinogen, which reflects coagulation status;
and type of surgery, which influences bleeding. The higher
prevalence of iron deficiency anemia among females further
highlights sex as a relevant risk factor.>?

Comparison with established scores

Compared with intraoperative RBC transfusion risk scores
such as TRACK and TRUST, which report AUCs of 0.76-
0.80,'>3% the discriminative performance of Al models
observed in this review appears numerically higher. How-
ever, despite the high specificities and AUCs of Al intraopera-
tive RBC transfusion prediction models, some studies report
that in less complex surgeries, such as minimally invasive
direct coronary artery bypass, reported AUCs were lower
(~0.73)." This may suggest that model accuracy depends
on surgical complexity, institutional practices, and data
quality.

Although Al models show numerically higher discrimina-
tion than conventional scores, the clinical significance of
this difference remains uncertain. In surgical practice,
enhanced discrimination is meaningful only if it improves
bedside decision-making, which has not yet been demon-
strated. AUC differences may reflect the ability of Al models
to capture non-linear interactions between risk factors,
such as age and preoperative hemoglobin. However, this has
not translated into a meaningful change in the sensitivity-
specificity trade-off, as sensitivity remains comparable to
conventional scores.

Heterogeneity

Heterogeneity varied across Al models, reflecting differen-
ces in study populations, model design, surgical complexity,
and local RBC transfusion practices. Threshold effects in
some models suggest that performance variability was partly
driven by non-standardized transfusion criteria and institu-
tional decision-making. A concave shape of the SROC curve,
a diagonally distributed and an elongated spread of the 95%
confidence ellipse are indicative of the presence of thresh-
old effect. In contrast, the Decision Tree model showed low
heterogeneity and a sharper SROC curve shape, indicating
that classical threshold effects along a common ROC curve
were not the main source of between-study variability. This
apparent consistency may reflect more stable, rule-based
decision structures but should be interpreted cautiously, as
low heterogeneity could also result from limited dataset var-
iability. Overall, heterogeneity in Al-based intraoperative
RBC transfusion prediction appears influenced by both
algorithmic characteristics and clinical context, highlighting
the need for standardized transfusion criteria and external
validation.

Implications for PBM and resources

These findings suggest a potential exploratory role for Al in
perioperative risk stratification. High specificity supports
use as a “rule-in” tool for identifying patients at high trans-
fusion risk with a positive result, while low sensitivity limits
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reliable exclusion, leaving many cases undetected. How-
ever, current evidence is insufficient to support these Al
models as practice-changing tools in cardiac surgery.

In recent years, increasing awareness of transfusion-asso-
ciated risks has prompted a paradigm shift towards PBM and
more restrictive transfusion strategies.®®3*3¢ However, a
gap remains between guidelines and clinical practice. Clini-
cians often rely on their individual experience to assess
intraoperative RBC transfusion needs. Therefore, robust
multicenter studies with standardized RBC transfusion crite-
ria and external validation are needed before attempting
clinical implementation of Al. Until then, Al models should
be regarded as investigational and are not yet suitable for
use as clinical decision-support tools.

Limitations and future prospects

Interpretation of these findings is limited by the available
evidence. Given the novelty of this field, few studies met
the inclusion criteria, and substantial heterogeneity per-
sisted despite similar predictive features. A major limitation
is the use of a subjective reference standard, as the absence
of standardized protocols for RBC administration means
model outcomes reflect clinician discretion and institutional
practices rather than universal physiological thresholds,
introducing potential incorporation bias. Furthermore, a rel-
evant methodological limitation involves the reconstruction
of 2x2 contingency tables for studies where the exact num-
ber of transfused patients in the testing set was not
reported. In these instances, it was necessary to assume
that the transfused-to-non-transfused ratio matched that of
the training set. While comparative validation and sensitiv-
ity analyses demonstrated minimal discrepancies, this
assumption remains a potential source of imprecision in the
pooled estimates that must be explicitly highlighted. The
low quality of evidence in GRADE assessment, which primar-
ily derives from the high risk of bias and heterogeneity
among studies, also presents a significant limitation.

Future research should prioritize large-scale, standard-
ized, multicenter studies to validate these models in real-
world settings, assess their impact on clinical outcomes,
intraoperative RBC transfusion rates, and healthcare costs,
and ensure generalizability through external validation.
Adherence to standardized reporting frameworks, such as
TRIPOD,* is essential to enable meaningful comparisons
across studies.?>6?

Conclusion

This systematic review and meta-analysis suggest a potential
exploratory role for Al in PBM strategies; however, current
evidence is insufficient to support their use as a clinical deci-
sion-support tool. This interpretation is limited by the low
certainty of evidence, heterogeneity across studies, and the
use of non-standardized transfusion outcomes. Further
large, standardized, and externally validated studies are
required before clinical implementation can be considered.
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KEYWORDS Abstract

Continuous epidural Background: Programmed Intermittent Epidural Bolus (PIEB) and Continuous Epidural Infusion
infusion; (CEI) are widely used strategies for maintaining postoperative analgesia, typically combined
Epidural analgesia; with Patient-Controlled Epidural Analgesia (PCEA). Although PIEB is theorized to enhance epidu-
Patient-controlled ral drug distribution and analgesic effectiveness through intermittent high-pressure boluses, evi-
epidural analgesia; dence supporting its superiority over CEl in the postoperative setting remains inconsistent.
Postoperative pain; Methods: We conducted a systematic review and meta-analysis of Randomized Controlled Trials
Programmed inter- (RCTs) comparing PIEB and CEl, both with PCEA, in adult postoperative patients (PROSPERO
mittent epidural CRD420251046001). PubMed, Embase, and Cochrane were searched until May 1, 2025. Primary
bolus outcome: pain at 24 hours. Secondary outcomes: pain at other intervals, anesthetic consump-

tion, and adverse events. Data were synthesized using a random-effects model; Risk of Bias
(RoB-2) and small-study effects were assessed.

Results: Ten RCTs comprising 692 patients were included. No significant difference was found in
24-hour pain scores at rest (MD = -0.45; 95% Cl -0.99 to 0.10) or movement (MD = -0.88; 95% Cl
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-2.07 to 0.32). PIEB showed mildly lower pain at other time points and reduced total epidural
volume (MD = -7.31 mL; 95% Cl -13.7 to -0.92 mL). However, PIEB was associated with higher
hypotension risk (RR = 1.71; 95% Cl 1.05 to 2.78). No differences were found in opioid consump-
tion, PCEA demands, or other adverse events.

Conclusion: PIEB offers no significant analgesic advantage and increases hypotension risk com-
pared to CEl in postoperative settings, when both are combined with PCEA. These findings should
be interpreted with caution due to the limited number of studies and substantial heterogeneity.
PROSPERO registry: https://www.crd.york.ac.uk/PROSPERO/view/CRD420251046001.

© 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

The effective management of acute postoperative pain remains
a major challenge in anesthesiology. Despite decades of
pharmacologic and procedural advances, inadequate pain
relief continues to hinder functional recovery, often pro-
longing hospitalization by limiting oral intake and early
mobilization."? Importantly, severe pain within the first 24
hours post-surgery is a known risk factor for the develop-
ment of chronic pain and long-term impairment in quality
of life.%*

While various regional techniques have emerged, neurax-
ial analgesia delivered through an epidural catheter remains
a widely implemented choice for major postoperative pain
management.>® Its efficacy depends on multiple procedural
factors, including the level of injection, the composition
and concentration of the anesthetic solution, and the
method of drug administration.”® Although single-bolus
injections can be used, continuous infusions generally pro-
vide more stable and sustained analgesia for up to 72 hours
after surgery compared with single-shot or systemic
approaches.’

Modern infusion pumps enable two main modalities for
maintaining baseline epidural analgesia: Continuous Epidu-
ral Infusion (CEl) and Programmed Intermittent Epidural
Bolus (PIEB). CEI delivers a constant flow of medication,
whereas PIEB administers pre-programmed boluses at fixed
intervals. Both methods are frequently supplemented with
Patient-Controlled Epidural Analgesia (PCEA) to manage
breakthrough pain.”

In labor analgesia, combining PIEB or CEl with PCEA has
been shown to enhance pain relief compared with tradi-
tional techniques, with PIEB demonstrating superior out-
comes to CEl in several trials.'®'?> However, postoperative
and labor pain represent distinct clinical entities. Labor pain
is a unique physiological process modulated by individual
perceptions and expectations of childbirth, precluding
direct extrapolation of labor findings to surgical popula-
tions."® Moreover, although also occurring in the obstetric
setting, cesarean delivery constitutes a surgical procedure
characterized by tissue injury and postoperative somatic
pain, and should be distinguished from the vaginal delivery
assessed in labor analgesia studies.' As such, in postopera-
tive settings, available Randomized Controlled Trials (RCTs)
comparing PIEB and CElI combined with PCEA remain limited
and heterogeneous, and their results have not been system-
atically integrated.

Therefore, we conducted a systematic review and meta-
analysis of RCTs to assess whether PIEB provides improved

postoperative analgesia compared with CEl, both combined
with PCEA, in adult patients. We evaluated pain at rest and
during movement primarily at 24 hours as the primary out-
come, and the secondary outcomes included other prespeci-
fied postoperative timepoints (12, 36, and 48 hours),
anesthetic and opioid consumption, PCEA use, and adverse
effects, including Postoperative Nausea and Vomiting
(PONV), motor block, pruritus, hypotension, and patient sat-
isfaction.

Methods

This systematic review and meta-analysis adhered to the
Cochrane Handbook and PRISMA guidelines (Supplemental
Table $1).">"® The study protocol was registered at the
International Prospective Register of Systematic Reviews
(PROSPERO), under the registration number
CRD420251046001 on May 5, 2025.

Eligibility criteria

Eligibility criteria were defined using the PICOS framework.
We included studies enrolling adults (> 18 years) undergoing
surgery (P) who received PIEB (I) or CEl (C), both combined
with PCEA. Outcomes of interest (O) included postoperative
pain at rest and during movement, anesthetic and opioid
consumption, PCEA use, PONV, pruritus, motor block, hypo-
tension, and patient satisfaction. Only peer-reviewed RCTs
were eligible for inclusion (S).

We excluded studies with overlapping patient populations
or with relevant differences in intraoperative and/or post-
operative analgesic protocols beyond the studied interven-
tions (e.g., use of different systemic analgesics between
groups and studies presenting intervals with paused epidural
infusion), as such differences could confound the compara-
tive assessment of PIEB and CEI.

Data source and search strategy

We systematically searched PubMed, Embase, and Cochrane
Library databases until May 1, 2025. The complete search
strategies (free-text and indexed terms) for each database
are provided in Supplemental Table S2.

After removing duplicates, two authors (G.L.G. and V.E.S.)
screened the titles and abstracts and independently assessed
the full-text articles for inclusion based on the prespecified
criteria. Discrepancies were resolved through a panel discus-
sion with the senior author (T.S.N.). There was no backward
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citation tracking or request for data from authors. No auto-
mated tool was used, and all screening and selection pro-
cesses were conducted manually.

Outcomes of interest

Our prespecified primary endpoint was pain score measured
at 24 hours post-surgery. Pain outcomes were divided into
rest pain and movement-related pain (elicited by move-
ment).

Secondary outcomes included: 1) Rest pain at 12, 36 and
48 hours; 2) Movement-related pain at 12, 36 and 48 hours;
3) Epidural anesthetic solution consumption; 4) Patient-Con-
trolled Epidural Analgesia (PCEA) administration frequency;
5) Opioid consumption; 6) PONV; 7) Motor block occurrence
(Bromage Scale > 1); 8) Pruritus; 9) Hypotension; and 10)
Patient satisfaction.

Data extraction

Two authors (G.R.M.W. and A.M.M.) independently extracted
data for each study using a standardized study form to
determine: authors, study publication year, inclusion and
exclusion criteria, sample size, follow-up period, baseline
patient characteristics, type of surgery, intraoperative anes-
thesia, epidural analgesia characteristics, and adjuvant res-
cue analgesia techniques. Outcomes of interest were
independently extracted by two authors (G.L.G. and B.F.M.
W.). Any discordant assessments were adjudicated by the
senior investigator (T.S.N.).

When data were reported as median with Interquartile
Range (IQR) or median with range, we estimated the mean
and Standard Deviation (SD) using the method developed by
Luo, Shi, and Wan."”" When available, outcome data
derived from intention-to-treat analyses were preferentially
extracted. When trials reported outcomes using per-proto-
col or as-treated analyses, data were extracted as reported.
No attempt was made to reconstruct intention-to-treat
analyses or to reassign participants to randomized groups
when such analyses were not reported.

All extracted numerical pain scores reported on 0—100
scales were converted to 0-10, and patient satisfaction
scores originally reported on 0—10 scales were converted to
0-100 scales. Brief Pain Inventory reporting “pain in the last
24 hours” was considered equivalent to “pain at 24 hours”.

Data on the “total epidural volume” outcome were con-
verted from milligrams to milliliters, if necessary, due to
available solution concentration. Likewise, data related to
PCEA administrations were converted from volume (mL) to
the number of administrations when the bolus volume per
administration was provided. Data on rescue opioid analge-
sia were converted to “Oral Morphine Milligrams Equivalent”
(OMME).%°

Whenever feasible, heterogeneous outcome definitions
(pain, hypotension, and PONV) were standardized to ensure
consistency across studies. Detailed descriptions of outcome
harmonization and study-specific adjustments are provided
in Supplemental Table S3. Except for pain scores, all out-
comes were analyzed as cumulative measures from the start
of the postoperative period, ensuring no double-counting
across time intervals. The follow-up duration applied to
each outcome is detailed in Supplemental Table S4.

Subgroup and sensitivity analysis

Subgroup analyses were conducted to explore potential
sources of heterogeneity and to assess the influence of clini-
cal and methodological factors on pain outcomes and
adverse events. Analyses were stratified by obstetric versus
non-obstetric setting to account for physiological influences
of labor. Additional subgroup analyses evaluated the impact
of higher flow rates (defined as > 5 mL.h~") and study Risk of
Bias (RoB), comparing trials with increased risk to those at
low risk according to RoB-2 assessment.

For the primary outcome, further subgroup analyses were
performed according to surgical site, epidural solution, and
PIEB interval. Secondary outcomes with shorter follow-up
durations were stratified according to studies reporting out-
comes at > 24 vs. < 24h.

Sensitivity analyses were performed for rest pain at 24
hours to assess the robustness of the findings. These included
leave-one-out analyses and subgroup analyses separating
studies with skewed data from those assuming normal distri-
butions.

Quality assessment and risk of bias

Risk of bias and quality assessment of individual studies were
analyzed using the Cochrane Collaboration’s tool RoB-2 for
assessing the risk of bias in randomized studies and displayed
using Robvis.?"?2 Each trial was rated as “low risk,” “some
concerns”, or “high risk” across five domains: randomization
process, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selection
of the reported result. Assessments were conducted with
respect to the effect of assighment to the intervention, con-
sistent with an intention-to-treat framework. This assess-
ment was performed independently by two authors (G.L.G.
and G.FEM.W.), with disagreements resolved by consensus
discussion involving the senior author (T.S.N.) (Fig. 1).

Potential reporting bias was assessed by visual inspection
of contour-enhanced funnel plots for all outcomes. Effect
estimates were plotted against their standard errors, with
contours representing conventional significance thresholds
and dashed pseudo-confidence limits centered on the pooled
random-effects estimate. Egger’s regression was planned for
outcomes including at least 10 RCTs but was not performed
because no outcome met this threshold.

Grading of Recommendations Assessment, Development,
and Evaluation (GRADE).?> was also performed by two
authors (G.L.G. and I.L.L.M.) on the most relevant clinical
outcomes: rest pain at 24 hours; movement-related pain at
24 hours; opioid rescue analgesia consumption; total epidu-
ral volume; occurrence of hypotension; PONV; and patient
satisfaction.

Statistical analysis

Binary outcomes were summarized as Risk Ratios (RRs),
while continuous outcomes were analyzed using Mean Differ-
ences (MDs). Numerical rating scales, including the Visual
Analog Scale (VAS) and the Numerical Rating Scale (NRS),
were pooled using MDs due to their conceptual similarity
and comparable clinical interpretability. For studies report-
ing medians without corresponding measures of dispersion,
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standard deviations were not imputed to minimize the risk
of introducing bias.

Effect estimates are reported with 95% Confidence Inter-
vals (95% Cls) and 95% Prediction Intervals (95% Pls). For con-
tinuous outcomes, MDs were calculated as PIEB minus CEI.
For outcomes where lower values reflect benefit (e.g., pain
scores and anesthetic consumption), negative MDs favor
PIEB. For binary outcomes, RRs greater than 1 indicate a
higher risk with PIEB, whereas values less than 1 favor PIEB.

Statistical heterogeneity was evaluated using Cochran’s
Q-test and the /* statistic. A p-value below 0.10 for the Q-
test was considered indicative of statistically significant het-
erogeneity. I? values of < 25%, 25-50%, and > 50% were
interpreted as low, moderate, and high heterogeneity,
respectively. Owing to anticipated clinical variability across
studies, a random-effects model was applied to all out-
comes, with between-study variance estimated using the
Restricted Maximum Likelihood (REML) method. No addi-
tional small-sample correction was applied, and statistical
inference relied on conventional Wald-type confidence
intervals. Statistical significance was defined as p < 0.05. All
analyses were performed using R software (version 4.5.0; R
Foundation for Statistical Computing, Vienna, Austria).

Results
Study selection and characteristics

Our initial search yielded 1528 potential articles. After remov-
ing duplicates and screening by title and abstract, 14 articles
were retrieved and thoroughly reviewed for eligibility. Finally,
10 RCTs.2433 met the inclusion criteria and were included

. Low

Risk of Bias. Graphic representation of the RoB-2 risk of bias assessment informing the risk of every study’s individual

in the analysis. A total of 692 patients were included, with
a mean age ranging from 31.6 to 65 years, and 17.7% of
participants were male. A comprehensive description of
included studies is provided in Table 1, as well as a descrip-
tion of excluded studies in Supplemental Table S5. The
complete study selection process is detailed in the flow dia-
gram presented in Figure 2.

Outcomes

Primary outcomes

The PIEB group showed no statistically significant difference
in rest pain at 24 hours (MD = -0.45; 95% CI -0.99 to 0.10; 95%
Pl = -2.16 to 1.27; p = 0.109; P =73.3%; Fig. 3A) or move-
ment-related pain scores at 24 hours (MD = -0.88; 95% Cl
-2.07 to 0.32; 95% Pl -4.57 to 2.81; p = 0.15; > = 81.6%;
Fig. 3B).

Secondary outcomes
Rest pain was significantly lower with PIEB at 12 hours
(MD = -0.67; 95% CI -1.21 to -0.13; 95% PI -2.23 to 0.89;
p = 0.015; I? = 62.5%; Fig. 4A), at 36 hours (MD = -1.01; 95%
Cl -1.61 to -0.40; 95% PI -2.94 to 0.92; p = 0.001; /> = 70.1%;
Fig. 4B), and at 48 hours (MD = -0.70; 95% Cl -1.27 to -0.13;
95% Pl -2.41 to 1.01; p = 0.016; /> = 59.2%; Fig. 4C). Mean-
while, movement-related pain was lower at 12 hours (MD = -
0.82; 95% Cl -1.39 to -0.24; 95% Pl -2.08 to 0.45; p = 0.006;
I? = 0.0%; Fig. 4D), but not at 36 hours (Fig. S1). Insufficient
data precluded the analysis of movement-related pain at
48 hours.

Regarding indirect pain-related outcomes, PIEB was asso-
ciated with a lower total epidural volume administered
(MD = -7.31 mL; 95% Cl -13.7 to -0.92 mL; 95% PI -27.53 to
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Identification of new studies via databases and registers

5 Records identified from:
g Biatahasas (n = 120k Records removed before screening:
= Embase (n = 718) Duplicate records (n = 492)
z Pubmed (n = 527)
3 Cochrane (n = 283)
Records screened Records excluded
(n=1,036) (n=1,022)
y
= Reports sought for retrieval Reports not retrieved
= (n=14) (n=0)
=
[0
D
3]
(]
Reports excluded:
Reports assessed for eligibility Abstracts (n = 2)
(n=14) Wrong design (n = 1)
Methodological concerns (n = 1)
] . . .
E New studies included in review
é (n=10)

Figure 2

Prisma Flow Diagram. Diagram depicting information pertaining to different steps of the systematic review search pro-

cess. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.

12.90 mL; p = 0.025; /> = 79.8%; Fig. 5A). For binary second-
ary outcomes, PIEB was associated with higher incidence of
hypotension (RR = 1.71; 95% CI 1.05 to 2.78; 95% Pl 0.78 to
3.77; p = 0.03; /> = 0.0%; Fig. 5B).

Finally, no statistically significant differences were found
between groups in PCEA administrations (Fig. S2), incidence
of pruritus, urinary retention, PONV, motor block, or pares-
thesia (Fig. S3).

Subgroups and sensitivity analysis

Subgroup analyses by obstetric setting showed that cesarean
patients receiving PIEB had lower movement-related pain at
36 hours (MD = -2.11; 95% CI -3.00 to -1.22; 95% Pl -9.18 to
4.95; > = 12.4%) and higher satisfaction (MD = 8.59; 95% ClI
1.89 to 15.28; 95% Pl -56.04 to 73.22; > = 57.6%), with
reduced heterogeneity and narrower 95% Cls for rest pain at
12 and 36 hours. Higher flow rates were associated with
lower rest pain at 24 hours and a narrower 95% Pl (MD =
-0.85; 95% CI -1.23 to -0.47; 95% Pl -1.69 to -0.01; /> = 0.0%).

Studies at low RoB favored PIEB for satisfaction (MD =
8.59; 95% C1 1.89 to 15.28; 95% Pl -56.04 to 73.22; I* = 57.6%)
and movement-related pain at 36 hours (MD = -2.11; 95%

Cl -3.00 to -1.22; 95% Pl -9.18 to 4.95; > = 12.4%). Unlike
studies with increased RoB, those with low-RoB also demon-
strated statistically significant differences favoring PIEB for
rest pain at 12, 36, and 48 hours, movement-related pain at
12 hours, and total epidural volume.

Further directed subgroup analyses for rest pain at 24
hours showed significant effects favoring PIEB in epidural
solutions containing only local anesthetics (MD = -0.62;
95% Cl -1.18 to -0.06; 95% Pl -4.25 to 3.02; I* = 0.0%),
PIEB intervals of 60-min (MD = -0.68; 95% Cl -1.11 to
-0.25; 95% PI -1.77 to 0.40; /*> = 48.2%), and studies with-
out skewed data (MD = -0.75; 95% Cl -1.24 to -0.26; 95%
Pl -2.08 to 0.58; I* = 54.4%). No surgical site subgroup
favored either intervention. Movement-related pain at 24
hours was not subjected to subgroup analysis because of
the limited number of studies.

Stratification of secondary outcomes by follow-up dura-
tion did not materially alter results; however, hypotension
lost statistical significance in both < 24h and > 24h sub-
groups. All subgroup analyses were exploratory and hypothe-
sis-generating and should be interpreted cautiously given
multiple testing and limited sample sizes (Supplemental
Figs. S4—59).
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A. Rest pain at 24 hours

PIEB CEl Mean Difference

Study mean SD Total mean SD Total Weight MD 95% CI IV, Random, 95% CI

Avinash 2024  2.47 0.74 15 3.53 0.74 15 14.9% -1.06 [-1.59; -0.53] -

Bang 2024 1.31 1.01 37 181174 37 14.0% -0.50 [-1.15; 0.15]

Duncan 1998 0.98 1.97 19 1.27 2.21 21 8.8% -0.29 [-1.59; 1.01]

Po-Yi 2020 384216 52 277 186 44 12.6% 1.07 [0.27; 1.87]

Satomi 2018 1.00 1.56 27 2.64 234 27 10.5% -1.64 [-2.70; -0.58]

Su-Sung 2022 4.10 1.65 35 471195 35 12.3% -0.61 [-1.46; 0.24]

Wang 2022 3.02156 29 289156 29 12.6% 0.13 [-0.67; 0.93]

Xiaofei 2022 139153 60 2.08 192 60 14.2% -0.69 [-1.31;-0.07]

Total (95% Cl) 274 268 100.0% -0.45 [-0.99; 0.10]

Prediction interval [-2.16; 1.27]

Heterogeneity: Tau® = 0.4490: Chi® = 26.26, df = 7 (P = 0.0005); I° = 73.3% ' ' ' [

Test for overall effect: Z =-1.60 (P = 0.109) -2 -1 0 1 2
Favors PIEB Favors CEI

B. Movement pain at 24 hours
PIEB CEl Mean Difference

Study mean SD Total mean SD Total Weight MD 95% CI IV, Random, 95% CI

Bang 2024 246 143 37 439 144 37 34.4% -1.93 [-2.58; -1.28] B

Duncan 1998 2.54 2.86 19 411512 21 14.0% -1.57 [-4.11; 0.97] 8

Wang 2022 402157 29 387156 29 32.6% 0.15 [-0.66; 0.96] _-t

Xiaofei 2022 419155 60 442757 60 18.9% -0.23 [-2.19; 1.73] —

Total (95% Cl) 145 147 100.0% -0.88 [-2.07; 0.32] i

Prediction interval

[-4.57; 2.81] |

Heterogeneity: Tau? = 0.9715; Chi’ = 16.31, df = 3 (P = 0.0010); I> = 81.6% ! ' ' ! '

Test for overall effect: Z =-1.44 (P = 0.150)

Figure 3

-4 -2 0 2 4
Favors PIEB Favors CEI

Pain at 24 hours. Forest plots comparing PIEB and CEI (both with PCEA) on postoperative rest and movement-related pain

(defined as pain elicited by movement), in a scale ranging from 0 to 10, at 24 hours. CEI, Continuous Epidural Infusion; PCEA, Patient-
Controlled Epidural Analgesia; PIEB, Programmed Intermittent Epidural Bolus.

Leave-one-out sensitivity analyses reduced heterogeneity
and favored PIEB for rest pain at 24 hours after exclusion of
Po-Yi et al.2® (MD = -0.68; 95% CI -1.04 to -0.32; %> = 38.1%;
Fig. S7) and for movement-related pain at 24 hours after
exclusion of Wang et al.32 (MD = -1.51; 95% Cl -2.56 to
-0.47; I* = 24.0%). Exclusion of Bang et al.** eliminated het-
erogeneity without altering statistical significance. Leave-
one-out sensitivity analyses are presented in Supplemental
Figures S10.

Risk of Bias

Based on the RoB-2 assessment, five of the ten included
studies had some concerns, mainly related to missing out-
come data and loss to follow-up, and one study?” was judged
at high risk of bias due to multiple domain-level concerns
(Fig. 2).

Contour-enhanced funnel plots did not show clear evi-
dence of reporting bias; studies were generally symmetri-
cally distributed around pooled effects, with any observed
asymmetry occurring within statistically significant contours
and not altering the direction of effect. Interpretation was
limited by imprecision and the small number of contributing
trials, and no outcome included > 10 RCTs to permit Egger’s
regression (Fig. S11).

Quality assessment

In the GRADE assessment, rest pain at 24 hours, total epidu-
ral volume, hypotension, and PONV were considered to have
low certainty of evidence due to the relevant heterogeneity
and high study variability. Meanwhile, movement-related
pain at 24 hours, opioid rescue analgesia, and patient satis-
faction were considered to have a very low certainty of evi-
dence, as they also presented few events or studies. The
evidence profile and summary of findings are presented in
Supplemental Tables S6—57.

Discussion

This systematic review and meta-analysis of 10 RCTs, encom-
passing 692 patients, compared the clinical outcomes of PIEB
versus CEl, both combined with PCEA, for postoperative
analgesia. The primary analysis revealed no statistically sig-
nificant difference in pain scores at 24 hours, a key time
point in postoperative recovery. Moreover, although PIEB
was associated with mildly lower rest pain at other time
points (12, 36, and 48 hours) and reduced total anesthetic
volumes, these benefits were offset by a higher incidence of
hypotension. No significant differences were observed in
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A. Rest pain at 12 hours

Prediction interval

PIEB CEl Mean Difference
Study mean SD Total mean SD Total Weight MD 95% CI IV, Random, 95% CI
Avinash 2024 2.93 0.88 15 4.47 0.99 15 21.6% -1.54 [-2.21;-0.87) —@&—
Duncan 1998 1.02 1.82 19 147 214 21 12.2% -0.45 [-1.68; 0.78] i
Su-Sung 2022 5.04 1.69 35 4.87 1.89 35 18.2% 0.17 [-0.67; 1.01] ——
Wang 2022 2.28 0.97 29 3.04 1.55 29 21.7% -0.76 [-1.43;-0.09] —
Xiaofei 2022 1.39 1.22 60 1.96 1.32 60 26.3% -0.57 [-1.02;-0.12] —.—
Total (95% CI) 158 160 100.0% -0.67 [-1.21; -0.13] ——

T

Heterogeneity: Tau’ = 0.2377; Chi’ = 10.66, df = 4 (P = 0.0307); I> = 62.5% '

Test for overall effect: Z =-2.43 (P = 0.015)

B. Rest pain at 36 hours

[-2.23; 0.89] -

T T 1

-2 -1 0 1 2
Favors PIEB Favors CEIl

Prediction interval

[-2.94; 0.92]

PIEB CEl Mean Difference
Study mean SD Total mean SD Total Weight MD 95% ClI IV, Random, 95% ClI
Bang 2024 138 1.16 37 3.056 160 37 25.2% -1.67 [-2.31;-1.03] —.—
Higashi 2019 3.79 1.24 21 3.93 113 21 23.4% -0.14 [-0.86; 0.58]
Su-Sung 2022 361 146 35 459 169 35 23.0% -0.98 [-1.72;-0.24] ——
Xiaofei 2022 ~ 1.651.20 60 2.81 1.53 60 28.4% -1.16 [-1.65; -0.67] -
Total (95% CI) 153 153 100.0% -1.01 [-1.61; -0.40] e —
1

Heterogeneity: Tau’ = 0.2716; Chi’ = 10.04, df = 3 (P = 0.0182); I° = 70.1% '

Test for overall effect: Z =-3.27 (P = 0.001)

C. Rest pain at 48 hours

2 -1 0 1 2
Favors PIEB Favors CEIl

PIEB CEl Mean Difference
Study mean SD Total mean SD Total Weight MD 95% CI IV, Random, 95% ClI
Po-Yi 2020 2.76 2.04 40 2.78 1.90 33 20.3% -0.02 [-0.93; 0.89]
Satomi 2018 1.00 1.56 27 253 1.17 27 246% -1.53 [-2.27;-0.79] —@&—
Su-Sung 2022 3.47 1.57 35 4.02 1.70 35 23.8% -0.55 [-1.32; 0.22]
Wang 2022 1.47 0.59 29 2.07 1.26 29 31.3% -0.60 [-1.11;-0.09]
Total (95% CI) 131 124 100.0% -0.70 [-1.27;-0.13]

Prediction interval

Heterogeneity: Tau’® = 0.2037; Chi® = 7.35, df = 3 (P = 0.0614); I> = 59.2% '

Test for overall effect: Z=-2.40 (P =0.016)

D. Movement pain at 12 hours
PIEB CEl

[-2.41; 1.01]

-2 -1 0 1 2
Favors PIEB Favors CEl

Mean Difference

Study mean SD Total mean SD Total Weight MD 95% CI IV, Random, 95% ClI
Duncan 1998 2.25 3.01 19 2.96 3.00 21 9.6% -0.71 [-2.57; 1.15] =

Wang 2022 4.29 0.97 29 5.03 1.54 29 76.0% -0.74 [-1.40; -0.08] —.—

Xiaofei 2022 2.30 1.72 60 3.58 5.75 60 14.5% -1.28 [-2.80; 0.24] —— &

Total (95% CI) 108 110 100.0% -0.82 [-1.39; -0.24] —
Prediction interval [-2.08; 0.45] ———

Heterogeneity: Tau’ = 0; Chi? = 0.42, df = 2 (P = 0.8099); I> = 0.0% F ' !

Test for overall effect: Z =-2.77 (P = 0.006)

Figure 4

2 -1 0 1 2
Favors PIEB Favors CEI

Pain at other intervals. Forest plots comparing PIEB and CEl (both with PCEA) on postoperative rest pain at 12 (A), 36 (B)

and 48 hours (C), as well as movement-related pain (defined as pain elicited by movement) at 12 hours (D), both in a scale ranging
from 0 to 10. CEIl, Continuous Epidural Infusion; PCEA, Patient-Controlled Epidural Analgesia; PIEB, Programmed Intermittent Epidural

Bolus.

rescue opioid consumption, PCEA demands, patient satisfac-
tion, or other adverse effects, including motor block and PONV.

The superior analgesic effects attributed to PIEB in labor
analgesia'®'%34 have been linked to a wider epidural spread

from high-pressure intermittent boluses, a mechanism sup-
ported by experimental studies.3>3 This broader spread
may enhance dermatomal coverage and analgesic effi-
ciency.3**! However, such a physiological advantage likely
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A. Total epidural volume

PIEB CEl Mean Difference
Study mean SD Total mean SD Total Weight MD 95% ClI IV, Random, 95% CI
Bang 2024 143.93 1465 37 150.60 20.98 37 13.3% -6.67 [-14.92; 1.58] '

Duncan 1998  121.60 24.90 19 126.10 20.98 21
Higashi 2019 5461 512 21 5379 360 21

Po-Yi 2020 200.63 24.47 52 202.73 17.17 44
Satomi 2018 1565.38 455 27 169.73 7.87 27
Su-Sung 2022 103.70 2490 35 105.10 24.00 35
Wang 2022 313.50 13.26 29 332.79 19.49 29

Wiesmann 2018 319.82 38.39 44 352.68 41.75 40

Total (95% CI) 264 254 100.0% -7.31 [-13.70; -0.92] <>

Prediction interval

9.2% -450 [-18.85; 9.85]
16.5% 0.82 [-1.86; 3.50]
13.2% -2.10 [-10.46; 6.26]
16.2% -4.35 [-7.78; -0.92]
11.0% -1.40 [-12.86; 10.06]
13.0% -19.29 [-27.87;-10.71]
7.6% -32.86 [-50.07; -15.65]

=--

[-27.53; 12.90]

Heterogeneity: Tau® = 62.4600; Chi’ = 34.71, df = 7 (P < 0.0001); I = 79.8% ' ' ' '

Test for overall effect: Z =-2.24 (P = 0.025)

B. Hypotension

-40 -20 0 20 40
Favors PIEB Favors CEI

PIEB CEl Risk Ratio
Study Events Total Events Total Weight RR 95% ClI MH, Random, 95% CI
Bang 2024 6 37 4 37 16.9% 1.50 [0.46; 4.88] =
Higashi 2019 10 21 4 21 24.1% 2.50 [0.93;6.72] =
Po-Yi 2020 18 52 9 44  49.1% 1.69 [0.85; 3.38] ——
Satomi 2018 0 28 0 29  0.0%
Wiesmann 2018 3 44 3 40  9.9% 0.91 [0.19; 4.25] &
Xiaofei 2022 0 60 0 60 0.0%
Total (95% CI) 37 242 20 231 100.0% 1.71 [1.05; 2.78] -
Prediction interval [0.78; 3.77] =

Heterogeneity: Tau” = 0: Chi” = 1.26, df = 3 (P = 0.7388); I = 0.0% ' ' ! '

Test for overall effect: Z=2.17 (P = 0.030)

Figure 5

0.2 05 1 2 5
Favors PIEB Favors CEI

Total epidural volume and hypotension. Forest plots comparing PIEB and CEl (both with PCEA) on total epidural volume

infused (in milliliters) (A) and the occurrence of postoperative hypotension (B). CEl, Continuous Epidural Infusion; PCEA, Patient-Con-
trolled Epidural Analgesia; PIEB, Programmed Intermittent Epidural Bolus.

depends on relatively homogeneous pain patterns in labor,
whereas postoperative pain is more heterogeneous, involv-
ing variable somatic, visceral, and neuropathic components
across surgical contexts. This variability, particularly when
combined with PCEA-mediated bolus dosing, may attenuate
any incremental benefit of programmed boluses.

Although PIEB was associated with statistically significant
pain reductions at some timepoints, most effects did not
reach the Minimal Clinically Important Difference (MCID) of
one point on a 0—10 scale.*? Instances exceeding the MCID,
such as rest pain at 36 hours in mixed cohorts and move-
ment-related pain at 36 hours in cesarean patients, or where
the 95% Cl exceeded the MCID, in movement-related pain at
36 hours in low RoB studies, were supported by limited data.
Thus, these isolated findings should be interpreted cau-
tiously and in the context of adjacent timepoints that did
not demonstrate clinically meaningful differences.

Furthermore, the combination of a non-significant pooled
effect with substantial heterogeneity and wide Pls in the pri-
mary outcome suggests clinically meaningful variation
across settings, indicating that the pooled estimates may
not adequately represent individual surgical contexts. Varia-
tions in surgical pain intensity, catheter tip position, and
solution viscosity likely influenced epidural spread, contrib-
uting to heterogeneity and attenuating the relative impact

of the epidural component. Consistently, the absence of
clinically relevant differences in pain scores, opioid con-
sumption, and PCEA use challenges the hypothesis that PIEB
provides superior analgesic efficacy over CEl when both are
combined with PCEA. It is plausible that the bolus mecha-
nism inherent to PCEA, together with concurrent multimodal
analgesia, further diminishes any incremental benefit of pro-
grammed boluses.

Exploratory subgroup and sensitivity analyses demon-
strated only modest variations in effect estimates when
evaluating the potential influence of labor-related physio-
logical changes in postoperative settings - through analyses
restricted to patients undergoing cesarean delivery - as well
as when stratifying by epidural flow rate, RoB, PIEB interval,
surgical site, anesthetic solution, data skewness, and fol-
low-up duration. Despite isolated subgroup differences and
multiple circumstances, the overall findings remained con-
sistent with the primary analysis, showing no uniform clini-
cally meaningful reduction in pain scores and a persistently
increased risk of hypotension associated with PIEB.

Moreover, the overall consistency observed across sub-
group and sensitivity analyses — despite several scenarios in
which heterogeneity was reduced, such as analyses limited
to cesarean delivery, studies at low RoB, and protocols using
local anesthetics alone - suggests that, although residual
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confounding related to the inclusion of mixed surgical set-
tings cannot be excluded, the observed effects are likely
reflective of the underlying clinical comparison of interest.
Given the number of subgroup analyses performed, these
findings are subject to an increased risk of false-positive
results and should be interpreted cautiously.

Furthermore, exclusion of Po-Yi et al.,?® which uniquely
reported pain as “average pain”, or Wang et al.,*? which
applied an unclear definition of movement-related pain,
shifted pooled estimates in favor of PIEB and markedly
reduced heterogeneity. While these findings may indicate
outcome-definition-related bias in individual studies, they
more importantly underscore the fragility of the available
evidence and support the overall conclusion that clinical sig-
nificance remains uncertain, despite the presence of iso-
lated statistically significant results.

A key finding of this analysis is the increased risk of hypo-
tension associated with PIEB, with an absolute risk increase
of approximately 6.2% (range 0.4%—15.4%), a signal inconsis-
tently reported in prior meta-analyses.'®!" This effect is
biologically plausible, reflecting broader sympathetic block-
ade from enhanced epidural spread and reduced vascular
tone.>® Follow-up-stratified subgroup analyses (< 24 lt; 24 vs.
> 24 hours), performed to explore potential temporal attenu-
ation of hypotension as PCEA requirements decreased, were
limited by reduced statistical power and did not reach statisti-
cal significance. Given that postoperative hypotension is an
independent risk factor for major complications, including
myocardial injury and acute kidney injury,*** any potential
analgesic benefit of PIEB should be weighed against this hemo-
dynamic risk.

These findings should be interpreted within the evolving
landscape of postoperative pain management. The role of
epidural analgesia itself is progressively being re-evaluated
against newer regional techniques,>® which may carry a lower
risk of failure, complications, and contraindications.” 84
The choice between PIEB and CEl represents refinement
within a single technique, and clinicians should also eval-
uate less invasive alternatives according to patient and
surgical factors.

Our analyses indicate that, contrary to theoretical expecta-
tions and previous findings in other settings, PIEB does not
provide a significant analgesic advantage over CEl when both
are combined with PCEA. Clinicians should consider these find-
ings when selecting an epidural modality, balancing PIEB’s
inconsistent analgesic benefits against its potential for hemo-
dynamic instability. Further high-quality RCTs with standard-
ized protocols and clearly defined outcomes are needed to
clarify the role of PIEB in specific surgical populations.

This meta-analysis has several limitations. Considerable
heterogeneity existed across trials in surgical procedures,
epidural techniques, bolus volumes and intervals, and fol-
low-up duration. The predominance of female participants —
largely reflecting gynecologic and obstetric surgery - limits
generalizability to male patients. Outcome definitions and
assessment time points varied, and several studies reported
incomplete or imprecise data. In addition, the small number
of trials per outcome precluded formal assessment of small-
study effects. To address these issues, we standardized out-
comes when feasible, performed prespecified subgroup and
sensitivity analyses, and qualitatively evaluated funnel plot
asymmetry.

10

Conclusion

Our findings indicate that PIEB does not provide a clinically
meaningful or consistent analgesic advantage over CEl when
both are combined with PCEA for postoperative analgesia.
However, definitive inferences are limited by substantial
heterogeneity across studies. In contrast, PIEB is associated
with an increased risk of hypotension, representing a clini-
cally relevant adverse effect that should be considered
when selecting an epidural maintenance strategy.
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Al assistance disclosure

The Al tool “Manus Al” was used exclusively for language pol-
ishing. All outputs were reviewed and edited by the authors.
No Al or automated tool was involved in the core intellectual
processes of the research. The authors assume full responsi-
bility for the content and originality of this work.

Authors’ contributions

Conception and design of the research: G.L.G. Acquisition of
data: G.L.G., V.ES., I.L.L.M., and B.FEM.W. Analysis and
interpretation of the data: G.L.G., B.(EFM.W., G.R.M.W., and
A.M.M. Quality assessment: G.L.G., G.R.M.W., and I.L.L.M.
Writing of the manuscript: All authors; Critical revision of
the manuscript for intellectual content: All authors. Project
supervision: G.L.G. and T.S.N.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sec-
tors.

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.
844766.

Associate Editor

Paulo Corréa da Silva Neto



Brazilian Journal of Anesthesiology 2026;76(4): 844766

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Moonesinghe SR, McGuckin D, Martin P, et al. The Perioperative
Quality Improvement Programme (PQIP patient study): protocol
for a UK multicentre, prospective cohort study to measure qual-
ity of care and outcomes after major surgery. Perioper Med
(Lond). 2022;11:37.

. Small C, Laycock H. Acute postoperative pain management. Br J

Surg. 2020;107:e70—-80.

. Fletcher D, Stamer UM, Pogatzki-Zahn E, et al. Chronic postsur-

gical pain in Europe: an observational study. Eur J Anaesthesiol.
2015;32:725-34.

. Sinatra R. Causes and consequences of inadequate management

of acute pain. Pain Med. 2010;11:1859—71.

. Grass JA. The role of epidural anesthesia and analgesia in post-

operative outcome. Anesthesiol Clin North Am. 2000;18:407
—28. viii.

. Block BM, Liu SS, Rowlingson AJ, Cowan AR, Cowan JA, Wu CL.

Efficacy of postoperative epidural analgesia: a meta-analysis.
JAMA. 2003;290:2455—63.

. Avila Hernandez AN, Hendrix JM. Epidural anesthesia. Stat-

Pearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025. [cited 2025 Jul]. Available from https://www.ncbi.nlm.
nih.gov/books/NBK542219/.

. Brull R, Macfarlane A, Chan V. Spinal, epidural and caudal anes-

thesia. In: Miller RD, ed. Miller’s Anesthesia, 9th ed., Philadel-
phia: Elsevier; 2019:1413-8.

. Svensson |, Sjostrom B, Haljamae H. Assessment of pain experi-

ences after elective surgery. J Pain Symptom Manage.
2000;20:193-201.

Wang L, Huang J, Chang X, Xia F. Effects of different neuraxial
analgesia modalities on the need for physician interventions in
labour: a network meta-analysis. Eur J Anaesthesiol.
2024;41:411-20.

Xu J, Zhou J, Xiao H, et al. Programmed intermittent bolus ver-
sus continuous infusion as the background infusion for parturi-
ent-controlled epidural analgesia: a systematic review and
meta-analysis. Sci Rep. 2019;9:2583.

Wydall S, Zolger D, Owolabi A, Nzekwu B, Onwochei D, Desai N.
Comparison of different delivery modalities of epidural analge-
sia and intravenous analgesia in labour: a systematic review
and network meta-analysis. Can J Anaesth. 2023;70:406—42.
Whitburn LY, Jones LE, Davey MA, McDonald S. The nature of
labour pain: an updated review of the literature. Women Birth.
2019;32:28-38.

Hardy-Fairbanks AJ, Lauria MR, Mackenzie T, McCarthy M.
Intensity and unpleasantness of pain following vaginal and
cesarean delivery: a prospective evaluation. Birth.
2013;40:125-33.

Higgins JPT, Thomas J, Chandler J, eds. Cochrane Handbook for
Systematic Reviews of Interventions. Version 6.5 (updated 2024
Aug), Cochrane; 2024. Available from www.cochrane.org/hand-
book.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372:n71.

Shi J, Luo D, Weng H, et al. Optimally estimating the sample
standard deviation from the five-number summary. Res Synth
Methods. 2020;11:641—-54.

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample
mean from the sample size, median, mid-range, and/or mid-
quartile range. Stat Methods Med Res. 2018;27:1785—805.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and
standard deviation from the sample size, median, range and/or
interquartile range. BMC Med Res Methodol. 2014;14:135.
Nielsen S, Degenhardt L, Hoban B, Gisev N. A synthesis of oral
morphine equivalents for opioid utilisation studies. Pharmacoe-
pidemiol Drug Saf. 2016;25:733—7.

11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ. 2019;366:14898.
McGuinness LA, Higgins JPT. Risk-of-bias visualization (robvis):
an R package and Shiny web app for visualizing risk-of-bias
assessments. Res Synth Methods. 2021;12:55—61.

Guyatt GH, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Intro-
duction - GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64:383—-94.

Higashi M, Shigematsu K, Nakamori E, Sakurai S, Yamaura K.
Efficacy of programmed intermittent bolus epidural analgesia in
thoracic surgery: a randomized controlled trial. BMC Anesthe-
siol. 2019;19:107.

Wiesmann T, Hoff L, Prien L, et al. Programmed intermittent
epidural bolus versus continuous epidural infusion for postoper-
ative analgesia after major abdominal and gynecological cancer
surgery: a randomized, triple-blinded clinical trial. BMC Anes-
thesiol. 2018;18:154.

Lee SS, Baek JH, Park SJ, Kim HJ, Kim HY, Byeon GJ. Comparison
of programmed intermittent epidural bolus injection and con-
tinuous epidural injection in controlling nighttime pain and
improving sleep quality after thoracotomy. Medicine (Balti-
more). 2022;101:e31684.

Avinash M, Narayana S, Prameela V, Shyamprasad A. Compar-
ison between epidural ropivacaine plus morphine intermit-
tent boluses versus continuous infusion for postoperative
analgesia in lower limb surgery. J Cardiovasc Dis Res.
2024;15:1616—-22.

Su P, Peniche A, Clelland E, et al. Comparison of programmed
intermittent epidural bolus and continuous epidural infusion for
postoperative analgesia after major abdominal surgery: a ran-
domized controlled trial. J Clin Anesth. 2020;64:109850.
Duncan L, Fried M, Lee A, Wildsmith J. Comparison of continu-
ous and intermittent administration of extradural bupivacaine
for analgesia after lower abdominal surgery. Br J Anaesth.
1998;80:7—-10.

Satomi S, Kakuta N, Murakami C, Sakai Y, Tanaka K, Tsutsumi Y.
The efficacy of programmed intermittent epidural bolus for
postoperative analgesia after open gynecological surgery: a
randomized double-blinded study. Biomed Res Int.
2018;2018:6297247.

Mo X, Zhao T, Chen J, et al. Programmed intermittent epi-
dural bolus versus continuous epidural infusion for uterine
contraction pain relief after cesarean section: a random-
ized, double-blind clinical trial. Drug Des Devel Ther.
2022;16:999—-1009.

Wang L, Wu Z, Hu L, Wang Y. Programmed intermittent epidural
bolus for post-cesarean delivery analgesia: a randomized con-
trolled double-blind trial. J Anesth. 2022;36:32-7.

Bang Y, Jeong H, Kang R, et al. Comparison of analgesic effects
between programmed intermittent epidural boluses and contin-
uous epidural infusion after cesarean section: a randomized
controlled study. Korean J Anesthesiol. 2024;77:374—-83.

Huang R, Zhu J, Zhao Z, Wang B. The effect of programmed
intermittent epidural bolus compared with continuous epidural
infusion in labor analgesia with ropivacaine: a meta-analysis of
randomized controlled trials. Ann Palliat Med. 2021;10:2408
—-20.

Callahan EC, Lim S, George RB. Neuraxial labor analgesia: main-
tenance techniques. Best Pract Res Clin Anaesthesiol.
2022;36:17-30.

Kaynar AM, Shankar KB. Epidural infusion: continuous or bolus?
Anesth Analg. 1999;89:534.

Cole J, Hughey S. Bolus epidural infusion improves spread com-
pared with continuous infusion in a cadaveric porcine spine
model. Reg Anesth Pain Med. 2019;44:1080—3.

Mowat |, Tang R, Vaghadia H, Krebs C, Henderson WR, Sawka A.
Epidural distribution of dye administered via an epidural cathe-
ter in a porcine model. Br J Anaesth. 2016;116:277—81.



G.L. Gonzalez, V.F. Sarmento, B.F. Wegner et al.

39.

40.

41.

42.

Ueda K, Ueda W, Manabe M. A comparative study of sequential
epidural bolus technique and continuous epidural infusion.
Anesthesiology. 2005;103:126—9.

Wong CA, McCarthy RJ, Hewlett B. The effect of manipulation
of the programmed intermittent bolus time interval and injec-
tion volume on total drug use for labor epidural analgesia: a
randomized controlled trial. Anesth Analg. 2011;112:904—11.
Ni F, Wu Z, Zhao P. Programmed intermittent epidural bolus in
maintenance of epidural labor analgesia: a literature review. J
Anesth. 2023;37:945—60.

Myles PS, Myles DB, Galagher W, et al. Measuring acute postop-
erative pain using the visual analog scale: the minimal clinically

12

43.

44,

45.

important difference and patient acceptable symptom state. Br
J Anaesth. 2017;118:424—9.

Hoppe P, Kouz K, Saugel B. Perioperative hypotension: clini-
cal impact, diagnosis, and therapeutic approaches. J Emerg
Crit Care Med. 2020;4. https://doi.org/10.21037/
jeccm.2019.10.12.

Liem VGB, Hoeks SE, Mol KHJM, et al. Postoperative hypoten-
sion after noncardiac surgery and the association with myocar-
dial injury. Anesthesiology. 2020;133:510—22.

Rawal N. Epidural analgesia for postoperative pain: improving
outcomes or adding risks? Best Pract Res Clin Anaesthesiol.
2021;35:53—65.



Brazilian Journal of Anesthesiology 2026;76(4): 844767

Brazilian Journal of

ANESTHESIOLOGY

Sociedade Brasileira
de Anestesiologia

LETTER TO THE EDITOR

Erector spinae plane block vs.
paravertebral block for
postoperative analgesia in breast
surgery: a meta-analysis of
randomized trials

Check for
updates

Dear Editor,

Effective analgesia after breast surgery is essential because
acute postoperative pain may impair recovery and contrib-
ute to chronic postsurgical pain.' Paravertebral Block (PVB)
remains a recommended regional analgesic technique for
breast surgery, but its technical complexity and potential
complications have prompted interest in simpler alterna-
tives such as the Erector Spinae Plane Block (ESPB).?
Although previous meta-analyses have suggested broadly
comparable analgesic effects between ESPB and PVB, avail-
able evidence has been limited by small trial numbers, het-
erogeneous populations, and variable methodology.>* In
light of the recently published Cochrane network meta-anal-
ysis showing no clinically meaningful difference between
ESPB and PVB for 24-hour postoperative pain, we designed
our analysis as a focused direct comparison of ESPB versus
PVB in adult breast surgery.® Our aim was not to establish
equivalence, but to examine whether the available head-to-
head randomized evidence demonstrates a clinically mean-
ingful difference in 24-hour opioid consumption, incorporating
Trial Sequential Analysis (TSA), exploratory meta-regression,
and a prespecified Minimum Clinically Important Difference
(MCID) to improve clinical interpretation.

We conducted a prospectively registered systematic
review and meta-analysis (PROSPERO CRD420251118777) of
randomized trials comparing ESPB with PVB in adult breast
surgery. PubMed, Scopus, Embase, CENTRAL, and Web of Sci-
ence were searched to 4 August 2025. The primary outcome
was 24-hour opioid consumption, converted to intravenous
Morphine Milligram Equivalents (MME). Random-effects
meta-analysis was performed, with GRADE certainty assess-
ment, sensitivity/subgroup analyses, meta-regression, and
TSA using a prespecified MCID of 10 mg intravenous MME.®
The search strategy, PRISMA flow diagram, study characteris-
tics, risk-of-bias assessment, forest and funnel plots, meta-
regression, subgroup and sensitivity analyses, TSA, and cer-
tainty-of-evidence assessment are provided in the Supple-
mentary Material for consultation.

https://doi.org/10.1016/j.bjane.2026.844767

27 RCTs published between 2019 and 2025 were included,
comprising 2015 patients: 1004 receiving ESPB and 1011
receiving PVB. Risk of bias was judged as low in nine studies,
with some concerns in ten, and high in eight. 17 RCTs
(including 1021 patients) reported 24-hour opioid consump-
tion. There was no significant difference between ESPB and
PVB (MD = 0.62 MME, 95% Cl -0.23 to 1.46; p = 0.152,
I? = 86.8%) (Table 1, Fig. 1). Egger’s test suggested possible
small-study effects (p = 0.023). TSA suggested that the
cumulative evidence crossed the required information size.
However, this result should not be interpreted as definitive,
given the very low certainty of evidence, substantial hetero-
geneity, and possible small-study effects.

Subgroup analyses by surgery type and axillary involve-
ment did not show significant effect modification. Sensitivity
analysis excluding studies at high risk of bias produced
results consistent with the primary analysis. Post-hoc meta-
regression suggested that country, patient age, and local
anesthetic choice may contribute to heterogeneity. How-
ever, these findings should be considered exploratory
because they were based on study-level data and may be
confounded by differences in surgical practice, block tech-
nique, perioperative analgesic protocols, and local anes-
thetic regimens.

Pain outcomes were generally comparable between tech-
niques. Although pain at rest at extubation statistically
favored PVB, no significant differences were observed at
rest at 6, 12, or 24 hours, or during movement at any
assessed time point. Similarly, PONV (OR = 0.93, 95% CI 0.61
to 1.42; I* = 0%) and rescue analgesic requirement (OR = 1.13,
95% Cl 0.63 to 2.05; I* = 42.7%) did not differ significantly
between groups (Table 1).

Overall, the available head-to-head randomized evidence
does not demonstrate a clinically meaningful difference
between ESPB and PVB for postoperative analgesia after
breast surgery. However, these findings should not be inter-
preted as evidence of true equivalence. Confidence in the
pooled estimate is limited by very low certainty of evidence,
substantial heterogeneity, possible small-study effects, and
variability in block technique, local anesthetic regimen,
perioperative analgesic protocols, and outcome assessment.

Study registration

PROSPERO: CRD420251118777.

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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Table 1 Overall analysis.

Main outcome

MME 17 508 513 MD 0.62 (-0.23; 1.46) 86.8 0.152 0.023
Pain at rest at extubation 16 495 500 MD 0.23 (0.01; 0.45) 81.4 0.039 0.085
Pain at rest at 6h 16 501 500 MD 0.02 (-0.24; 0.28) 81.1 0.905 0.737
Pain at rest at 12h 17 559 558 MD 0.00 (-0.31; 0.32) 91 0.995 0.913
Pain at rest at 24h 16 501 500 MD -0.01 (-0.23; 0.22) 77.1 0.965 0.449
Pain on movement at extubation 8 235 240 MD 0.36 (-0.11; 0.84) 82.1 0.132 Not assessed
Pain on movement at 6h 7 211 210 MD 0.23 (-0.12; 0.58) 80.7 0.204 Not assessed
Pain on movement at 12h 7 211 210 MD 0.34 (-0.03; 0.71) 82.8 0.060 Not assessed
Pain on movement at 24h 7 211 210 MD 0.44 (-0.06; 0.93) 84.6 0.080 Not assessed
PONV 13 409 408 OR0.93 (0.61; 1.42) 0 0.737 0.448
Rescue Analgesics 6 164 163 OR 1.13 (0.63; 2.05) 42.7 0.675 Not assessed

ESPB, Erector Spinae Plane Block; PVB, Paravertebral Block; Cl, Confidence Interval; N, Number of studies; MD, Mean Difference; MME,

Morphine Milligram Equivalents; OR, Odds Ratio; PONV, Postoperative Nausea and Vomiting.

ESPB PVB
Study Total Mean SD Total Mean SD
Abdelfatah (2022) 23 333 163 23 314 157
Amr (2024) 35 817 170 35 570 190
Attri (2024) 30 569 345 30 6.32 321
But (2024) 24 940 550 30 440 210
Eldemrdash (2019) 25 400 200 25 6.00 200
Elewa (2022) 30 490 120 30 580 130
El Ghamry (2019) 35 2670210 35 2730290
Eskandr (2022) 20 580 151 20 6.00 186
Girkan (2020) 25 536 472 25 528 472
Jayakrishnan (2024) 30 630 253 30 513 363
Kamel (2025) 22 708 238 22 6.00 475
Moustafa (2020) 45 6.17 208 45 622 209
Nawar (2024) 50 530 110 50 6.10 1.00
Sayed (2024) 20 870 218 20 800 234
Singh (2023) 30 316 245 30 283 252
Sivrikoz (2022) 42 2100310 41 1920 290
Wittayapairoj (2022) 22 860 380 22 350 3.30

Random effects model 508

513

Heterogeneity: I = 86.8%, < = 2.6338, p < 0.0001

Figure 1
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Dear Editor,

The global rise in mental health disorders has been accom-
panied by increased use of psychotropic medications, which
are now among the most frequently prescribed drug classes
worldwide." In surgical patients, chronic psychotropic use is
clinically relevant because these agents may interact with
anesthetics through pharmacokinetic and pharmacodynamic
mechanisms.? Despite this, contemporary epidemiological
data on psychotropic use among surgical patients remain
limited.

We conducted a retrospective cross-sectional analysis
using routinely collected electronic medical record data
from the anesthesiology outpatient clinic of the Onofre
Lopes University Hospital, Brazil. Adult patients (> 18 years)
evaluated between January and December 2024 were con-
secutively included. Records without medication data were
excluded. Duplicate records were filtered by retaining the
most complete or most recent entry. Records with missing
values for variables such as Body Mass Index (BMI) were
retained for prevalence analyses, but excluded from statisti-
cal tests requiring those data.

Extracted variables included demographics, clinical char-
acteristics, surgical specialty, and psychotropic medication
use. Current psychotropic use — encompassing both sched-
uled and as-needed use - was determined by patient self-
report during preanesthetic consultation and documented in
the medical record. Without prior prespecification, reported
agents were retrospectively categorized into therapeutic
classes (antidepressants, anxiolytics/hypnotics, antipsy-
chotics, mood stabilizers, and psychostimulants). Polyphar-
macy was defined as the concurrent use of two or more
psychotropic agents.

Comparisons involved Chi-Square tests for categorical
variables and Student’s t-test or Mann-Whitney U-tests for
continuous variables (age and BMI), with normality assessed
via the Shapiro-Wilk test. Logistic regression estimated Odds
Ratios (OR) with 95% Confidence Intervals. Models included
age, sex, and BMI category a priori; additional variables

https://doi.org/10.1016/j.bjane.2026.844783

were excluded due to data heterogeneity and to preserve
parsimony.

A total of 1,038 patients were included in the final analy-
sis, of whom 23.0% (n = 239) were using at least one psycho-
tropic medication (Table 1). This prevalence is higher than
rates reported in Brazilian community-based studies, which
generally range from 10% to 18%, suggesting that surgical
patients may represent a subgroup with greater psychiatric
burden and healthcare utilization.

Psychotropic medication use was significantly more fre-
quent among women, affecting 29.55% of women compared
with 14.12% of men (p < 0.001). In a multivariable logistic
regression adjusted for age and BMI category, female sex
remained independently associated with a higher likelihood
of psychotropic medication use (OR = 2.74; 95% Cl 1.80-
4.15; p < 0.001) (Table 2), while age was not significantly
associated with the outcome (p = 0.440). Due to missing BMI
data, this multivariable model included 704 patients. Biolog-
ical factors, including hormonal fluctuations influencing
serotonergic and GABAergic neurotransmission, along with
psychosocial determinants such as cumulative stress and
social role burden, may contribute to this disparity.>

Mean BMI was higher among psychotropic users (34.49 +
10.48 kg.m2) than among non-users (32.13 + 9.89 kg.m%;
p = 0.005). Although no independent association between
categorical BMI and psychotropic use remained after adjust-
ment, this finding is consistent with literature showing a
bidirectional relationship between obesity and psychiatric
disorders.* From a perioperative perspective, obesity com-
bined with psychotropic use may increase the risk of difficult
airway management, hypoventilation, and obstructive sleep
apnea. Psychotropic medication use also varied across surgi-
cal specialties, with higher proportions observed in digestive
tract, plastic, and thoracic surgeries.

The pharmacological profile revealed that antidepres-
sants were the most frequently prescribed therapeutic class
(71.97%), followed by anxiolytics/hypnotics (30.13%), mood
stabilizers (24.69%), and antipsychotics (19.67%) (Table 3).
Clonazepam, sertraline, and fluoxetine were the most com-
monly prescribed individual medications.

Psychotropic polypharmacy was observed in 41.84% of
users, representing a relevant point for preoperative medi-
cation review and individualized anesthetic planning. The
concurrent use of multiple psychotropic medications may
increase the potential for pharmacokinetic and pharmacody-
namic interactions in the perioperative setting, including

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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Table 1

Demographic and clinical characteristics of patients.

Sex, n (%) <0.001°
Male 62 (14.12) 377 (85.88)
Female 177 (29.55) 422 (70.45)
Age (years), mean =+ SD 49.54 + 14.42 50.99 + 15.44 0.182°
BMI (kg.m%), mean + SD 34.49 +10.48 32.13+9.89 0.005%
BMI category, n (%) 0.066°
Underweight (BMI < 18.5 kg.m%) 1(7.14) 13 (92.86)
Normal weight (BMI 18.5—24.9 kg.m2) 26 (19.25) 109 (80.74)
Overweight (BMI 25.0—-29.9 kg.m?) 40 (19.32) 167 (80.67)
Obesity class | (BMI 30—34.9 kg.m?) 29 (24.57) 89 (75.42)
Obesity class Il (BMI 35—39.9 kg.m2) 25 (30.48) 57 (69.51)
Obesity class Il (BMI > 40.0 kg.m?) 43 (29.05) 105 (70.94)
Surgical specialty, n (%) <0.001°
General Surgery 57 (19.86) 230 (80.14)
Digestive Tract Surgery 84 (32.18) 177 (67.81)
Urology 20 (12.26) 143 (87.73)
Vascular Surgery 22 (19.81) 89 (80.18)
Plastic Surgery 21 (29.57) 50 (70.42)
Thoracic Surgery 11 (36.67) 19 (63.33)
Other Specialties 24 (20.87) 91 (79.13)

SD, Standard Deviation; BMI, Body Mass Index; ? t-test, ® Chi-Square test.
Note: The total 'n’ for BMI variables (n = 704) differs from the total sample due to missing data in medical records. For categorical varia-
bles, percentages indicate the proportion within each category/row, not column percentages.

cytochrome P450 modulation, GABA-A receptor adaptation,
and QT interval prolongation.?3 While our study was funda-
mentally descriptive and did not evaluate clinical outcomes,
these mechanisms may contribute to altered anesthetic
requirements and autonomic instability.

Current consensus favors individualized perioperative
management rather than routine discontinuation of psycho-
tropic medications. Abrupt withdrawal of antidepressants
and anxiolytics may precipitate psychiatric destabilization,
whereas medications such as monoamine oxidase inhibitors
and lithium require specific perioperative strategies because
of their interaction profiles.?

This study has limitations inherent to its retrospective
and cross-sectional design, including reliance on electronic
medical records, absence of dosage and treatment duration

Table 2

data, and inability to correlate psychotropic exposure with
perioperative outcomes. Nevertheless, the large sample and
standardized extraction methods provide a relevant epide-
miological overview of psychotropic medication use in a ter-
tiary surgical population.

In summary, nearly one in four patients presenting for
preanesthetic evaluation in our tertiary university hospital
was using a psychotropic medication, with frequent poly-
pharmacy and a higher prevalence among women. Anti-
depressants and benzodiazepines predominated. These
findings reinforce the importance of psychotropic medica-
tion reconciliation during preanesthetic assessment. Future
prospective studies should evaluate the relationship
between psychotropic exposure patterns and postoperative
outcomes to better guide anesthetic planning.

Logistic regression analysis of factors associated with psychotropic drug use.

Sex (unadjusted) Female vs. Male

Age Per year increase

Sex (adjusted) Female vs. Male

BMI category® Underweight
Overweight
Obesity class |

Obesity class Il
Obesity class Il

2.52 1.83-3.49 < 0.001
0.99 0.98 -1.01 0.44
2.74 1.80-4.15 < 0.001
0.30 0.03-2.52 0.27
0.95 0.54 - 1.66 0.85
1.05 0.56 -1.95 0.88
1.29 0.67 -2.51 0.44
1.17 0.65-2.10 0.59

OR, Odds Ratio; Cl, Confidence Interval.

3 Reference category: normal weight (BMI 18.5—24.9 kg.m2). The multivariable model included age, sex, and BMI category and was fit-
ted in 704 patients with complete BMI data. The adjusted OR for sex is adjusted for age and BMI category; BMI category estimates are

adjusted for age and sex.
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Table 3  Distribution of psychotropic medications by thera-
peutic class, individual agents and polypharmacy.

Antidepressants 172 71.97
Anxiolytics/Hypnotics 72 30.13
Mood stabilizers 59 24.69
Antipsychotics 47 19.67
Psychostimulants 3 1.26
Psychotropic medication n %
Clonazepam 54 22.59
Sertraline 46 19.25
Fluoxetine 43 17.99
Amitriptyline 31 12.97
Escitalopram 28 11.72
Quetiapine 26 10.88
Pregabalin 22 9.21
Topiramate 13 5.44
Risperidone 12 5.02
Sodium valproate 10 4.18
Desvenlafaxine 10 4.18
Number of psychotropic medications n %
One 139 58.16
Two 61 25.52
Three or more 39 16.32

Note: Percentages were calculated among psychotropic medica-
tion users (n = 239). Therapeutic classes and individual medica-
tions are not mutually exclusive.

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

Claude Al was used exclusively to assist with language revi-
sion and formatting of the English text. No Al system was
involved in the study design, data collection, data analysis,
interpretation of results, or manuscript content generation.
The authors take full responsibility for the content of the
publication.

Authorship Criteria (ICMJE)

All authors meet the four International Committee of Medi-
cal Journal Editors (ICMJE) criteria for authorship: (1) Sub-
stantial contributions to the conception or design of the
work, or the acquisition, analysis, or interpretation of data;
(2) Drafting the work or revising it critically for important
intellectual content; (3) Final approval of the version to be
published; and (4) Agreement to be accountable for all
aspects of the work.

Ethics approval

The study was approved by the local Research Ethics Com-
mittee in accordance with national regulations for research
involving human subjects (CAAE: 91167425.10000.5292).

Authors’ contributions

Matheus Salera Gordim, Vitor Yan Bezerra de Araujo, Luzi-
nelson Muniz da Silva Jdnior and Danilo de Oliveira da
Camara Filho contributed to data collection, data analysis,
and drafting of the manuscript. Heleno Paiva Oliveira, Emer-
son Arcoverde Nunes and Wallace Andrino da Silva contrib-
uted to study supervision, data analysis, critical revision of
the manuscript for important intellectual content, and
approval of the final version to be published. All authors
approved the final version of the manuscript and agree to be
accountable for all aspects of the work.

Funding

The authors received no specific funding for this work.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

Ethics approval and consent to participate: Ethical approval
was granted by the Onofre Lopes University Hospital
Research Ethics Committee, under the Ethical Appreciation
Presentation Certificate number 91167425.10000.5292.

Editor

Liana Azi

References

1. Stahl SM. Stahl’s essential psychopharmacology: neuroscientific
basis and practical applications. 5th ed. Cambridge: Cambridge
University Press; 2021.

2. Oprea AD, Keshock MC, O’Glasser AY, et al. Preoperative Manage-
ment of Medications for Psychiatric Diseases. Mayo Clin Proc.
2022;97:397—416.

3. Estancial Fernandes CS, De Azevedo RCS, Goldbaum M, Barros
MBDA. Psychotropic use patterns: Are there differences between
men and women? Reddy H, editor. PLOS ONE. 2018;13:e0207921.

4. Opel N, Hanssen R, Steinmann LA, et al. Clinical management of
major depressive disorder with comorbid obesity. Lancet Psychi-
atry. 2025;12:780—94.

5. Kaye AD, Kline RJ, Thompson ER, et al. Perioperative implications
of common and newer psychotropic medications used in clinical
practice. Best Pract Res Clin Anaesthesiol. 2018;32:187—-202.

2, Vitor Yan Bezerra de
2 Danilo de Oliveira da Camara Filho (23,
b Emerson Arcoverde

4’ Wallace Andrino da

Matheus Salera Gordim
Araljo
Luzinelson Muniz da Silva Junior
Nunes (2 ¢, Heleno Paiva Oliveira
Silva (2 9=

@ Universidade Federal do Rio Grande do Norte (UFRN),
Natal, Rio Grande do Norte, Brazil



M.S. Gordim, V.Y. Araujo, D.0O. Camara Filho et al.

® Universidade Federal do Rio Grande do Norte (UFRN),
Hospital Universitario Onofre Lopes, Department of Surgery
(Anesthesiology Residency Program), Natal, RN, Brazil

¢ Universidade Federal do Rio Grande do Norte (UFRN),
Hospital Universitario Onofre Lopes, Department of Internal
Medicine, Natal, RN, Brazil

4 Universidade Federal do Rio Grande do Norte (UFRN),
Hospital Universitario Onofre Lopes,
Department of Surgery, Natal, RN, Brazil

" Corresponding author.

E-mail: wallaceandrino@yahoo.com.br (W.A. Silva).
Received 26 March 2026; accepted 14 June 2026
Available online 22 June 2026



Brazilian Journal of Anesthesiology 2026;76(4): 844763

Brazilian Journal of

ANESTHESIOLOGY

Sociedade Brasileira
de Anestesiologia

BJAN  Brazlian Journal of

ANESTHESIOLOGY

LETTER TO THE EDITOR

Preoperative fasting and GLP-1
receptor agonists: gastric retention
without increased aspiration risk

Check for
updates

Dear Editor,

Preoperative fasting is a cornerstone of anesthetic safety,
aiming to reduce pulmonary aspiration risk by minimizing
gastric volume and acidity at induction.! Contemporary
guidelines allow clear fluids up to 2 hours before anesthesia,
reflecting a shift toward evidence-based, patient-centered
fasting strategies. However, the increasing use of Glucagon-
Like Peptide-1 Receptor Agonists (GLP-1RAs) has raised con-
cerns due to their well-established effect of delaying gastric
emptying, potentially leading to residual gastric contents
despite guideline-compliant fasting.

Literature has consistently shown that GLP-1RAs are asso-
ciated with delayed gastric emptying and increased residual
gastric contents. Evidence from a large systematic review
and meta-analysis shows a higher prevalence of retained
gastric contents in patients receiving GLP-1RAs, particularly
when administered in the days preceding surgery.? These
findings are supported by physiological data showing
reduced antral motility, increased pyloric tone, and modula-
tion of vagal pathways, thereby contributing to delayed gas-
tric emptying.?

Despite these physiological effects, higher-quality clini-
cal evidence does not demonstrate a corresponding increase
in aspiration-related outcomes. A recent observational
cohort study of more than 300.000 patients reported no sig-
nificant differences in aspiration pneumonia, respiratory
complications, or mortality between GLP-1RAs users and
non-users.* This apparent dissociation between gastric reten-
tion and aspiration risk is clinically relevant and challenges
the assumption that delayed gastric emptying alone translates
into increased perioperative risk.

This discrepancy may reflect advances in perioperative air-
way management, widespread adoption of protective strate-
gies, and improved risk stratification, which together
mitigate the clinical impact of residual gastric contents. In
this context, delayed gastric emptying does not appear to
reliably predict aspiration risk in modern anesthetic practice.

Multidisciplinary consensus guidance reflects this evolving
evidence, recommending continuation of GLP-1RAs in most
patients and emphasizing individualized perioperative risk

https://doi.org/10.1016/j.bjane.2026.844763

assessment rather than routine drug discontinuation.® Impor-
tantly, GLP-1RAs exert beneficial ancillary effects, including
improved glycemic stability, modulation of inflammatory
pathways, and potential cardiometabolic protection, which
may be particularly relevant in the perioperative setting.

In conclusion, current evidence indicates that although
GLP-1RAs are associated with delayed gastric emptying and
increased residual gastric contents, this does not translate
into a measurable increase in perioperative aspiration risk.
Routine preoperative discontinuation therefore appears
unwarranted. Instead, perioperative management should be
guided by patient-specific risk assessment, taking into
account fasting duration and, when appropriate, point-of-
care gastric ultrasound, thereby avoiding unnecessary inter-
ruption of therapies with potential systemic benefits and
supporting a tailored approach to the perioperative manage-
ment of GLP-1RAs.
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LETTER TO THE EDITOR

Erector spinae plane block versus
caudal block in children: similar
analgesia, different stories beneath
the surface

Check for
updates

Dear Editor,

We read with interest the systematic review and meta-anal-
ysis comparing Erector Spinae Plane Block (ESPB) with Cau-
dal Epidural Block (CEB) in pediatric surgery." In a specialty
where practice often reflects institutional preference rather
than robust evidence, such attempts to systematically syn-
thesize available data are especially valuable. We would like
to offer a few comments that may help readers interpret the
findings and guide future research.

First, there is some inconsistency in the reporting of evi-
dence certainty. The abstract states that all outcomes were
supported by high-quality evidence, whereas the main text
and GRADE summary indicate very low certainty for the pri-
mary outcome (time to first rescue analgesia) and moderate
certainty for FLACC scores at 24 hours, with high certainty
applying solely to Postoperative Urinary Retention (POUR)
and Postoperative Nausea and Vomiting (PONV). This dis-
crepancy may mislead readers who rely primarily on the
abstract. Clarifying it and emphasizing that the primary out-
come is supported by low-certainty evidence due to marked
heterogeneity and imprecision, would provide a more bal-
anced representation of how confidently equivalence
between ESPB and CEB can be inferred.

Second, the extremely high heterogeneity for the primary
analgesic outcome (I? = 99%) substantially limits the interpret-
ability of a single pooled estimate. Persistence of heteroge-
neity suggests that multiple clinically meaningful effect
modifiers are contributing: variations in patients’ age, inclu-
sion of diverse surgical procedures (inguinal hernia, hypospa-
dias, circumcision, hip and proximal femur surgery, renal
surgery, lower limb surgery), variation in ESPB levels (sacral,
lumbar, thoracic), and marked differences in local anesthetic
concentrations and volumes. These factors may not only
generate statistical heterogeneity but also question the clin-
ical validity of aggregating all trials into a single summary
measure. While subgroup analyses by surgical category or
ESPB level could offer useful insights, the relatively small
number of available trials would likely limit statistical power
and precision. Such analyses should therefore be viewed as

https://doi.org/10.1016/j.bjane.2026.844759

hypothesis-generating rather than definitive, but they may
still help frame future research questions.

Third, ESPB is treated as a uniform technique, although
sacral, lumbar, and thoracic ESPB represent anatomically and
mechanistically distinct blocks.? Sacral ESPB performed for
procedures such as hypospadias or circumcision differs funda-
mentally from lumbar or lower thoracic ESPB used for hip or
femur surgery, and these techniques may not be clinically
interchangeable in terms of injectate spread, neural targets or
analgesic profile. Therefore, pooling these under a single label
risks masking level-specific outcomes. Future reviews may ben-
efit from evaluating sacral ESPB separately or classifying it
more precisely as a sacral multifidus plane block, particularly
when the comparator is a sacral neuraxial block such as CEB.

Fourth, although the selected outcomes (time to first
analgesic request and FLACC scores) are clinically relevant,
they provide a limited view of postoperative recovery. Pedi-
atric- and caregiver-centred metrics such as opioid con-
sumption, block success rates, ease of performance, motor
block, early mobilization, length of stay, and parent/patient
satisfaction would enhance real-world clinical applicability.
The authors’ focus on POUR is commendable, and the lower
incidence observed with ESPB is clinically meaningful.' How-
ever, POUR may be influenced by factors that are not consis-
tently reported across trials, including neuraxial opioid use,
catheterization practices, and the proportion of urological
procedures.* Clear reporting of these trial-level details
would aid interpretation and support more nuanced patient
selection. Finally, we appreciate the authors’ call for stan-
dardized protocols and detailed reporting in future RCTs.
Building on this, future studies may consider prespecifying
minimally important differences for pain scales, standardiz-
ing or at least stratifying local anesthetic regimens and adju-
vants, and adopting core outcome sets that incorporate
safety, functional recovery, and patient-reported outcomes.
These refinements would improve methodological rigor and
facilitate more definitive meta-analytic conclusions. Such
efforts are crucial for determining when ESPB can be reliably
considered an alternative to CEB, particularly in ambulatory
pathways or in children at elevated risk for POUR.

In conclusion, this review provides a timely comparison of
ESPB and CEB, indicating similar analgesic performance but
highlighting potential benefits of ESPB for avoiding POUR. As
pediatric regional anesthesia evolves, more anatomically spe-
cific study designs and standardized reporting will be essential
for defining when ESPB can reliably replace caudal techniques.

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/).



T. Mistry and A.S. Nair

Data availability statement

No new data were created or analysed in this letter. Data
sharing is not applicable to this article.

Declaration of Al use
The authors confirm that no Al tools or Language

Models (LLMs) were used in the writing or editing of the
manuscript.

Authors’ contributions
Tuhin Mistry: Conceptualization; methodology; writing-
original draft; review & editing.

Abhijit Sukumaran Nair: Validation; writing-review &
editing; supervision.

Funding

No funding was received.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

The authors used artificial intelligence-assisted tools
ChatGPT-5.2 Plus (OpenAl) for language editing only. All sci-

entific content, analysis, interpretation, and conclusions are
the authors’ own.

Editor

Liana Azi

References

1. Masiero BB, Cavalcante D, Akbarpoor F, et al. Erector spinae
plane block versus caudal epidural block in pediatric surgery: a
systematic review and meta-analysis of randomized clinical tri-
als. Braz J Anesthesiol. 2025;75:844640.

2. Saadawi M, Layera S, Aliste J, Bravo D, Leurcharusmee P, Tran Q.
Erector spinae plane block: A narrative review with systematic
analysis of the evidence pertaining to clinical indications and
alternative truncal blocks. J Clin Anesth. 2021;68:110063.

3. Nair AS, Mistry T, Garg R. Ultrasound-guided sacral multifidus
plane block for perioperative analgesia: A comprehensive sys-
tematic review, meta-analysis, and trial sequential analysis.
Indian J Anaesth. 2025;69:1341-58.

4. Cambise C, De Cicco R, Luca E, Punzo G, Di Franco V, Dottarelli A,
Sacco T, Sollazzi L, Aceto P. Postoperative urinary retention
(POUR): A narrative review. Saudi J Anaesth. 2024;18:265—71.

b

Tuhin Mistry (2 *  Abhijit Sukumaran Nair

@ Ganga Medical Centre & Hospitals Pvt Ltd, Department of
Anaesthesiology and Perioperative Care, Coimbatore, India
® Ibra Hospital, Department of Anaesthesiology, Ibra,
Sultanate of Oman

" Corresponding author.

E-mail: tm.tuhin87@gmail.com (T. Mistry).
Received 6 January 2026; accepted 5 April 2026
Available online 22 April 2026



Brazilian Journal of Anesthesiology 2026;76(4): 844784

Brazilian Journal of

ANESTHESIOLOGY

Sociedade Brasileira
de Anestesiologia

LETTER TO THE EDITOR

Response to Letter to the Editor:
“Erector spinae plane block versus
caudal block in children: similar
analgesia, different stories beneath
the surface”

Check for
updates

Dear Editor,

We thank Dr. Mistry and Dr. Nair for their thoughtful Letter to
the Editor' regarding our systematic review and meta-analy-
sis comparing erector spinae plane block and caudal epidural
block in pediatric surgery.? Their comments provide an
important opportunity to clarify the interpretation of our
findings, particularly regarding the certainty of evidence,
heterogeneity, and anatomical classification of ESPB
techniques.

Regarding the reported inconsistency in the certainty of
evidence," we acknowledge the discrepancy between the
abstract and the GRADE assessment in the main text. As
noted, the primary outcome (time to first rescue analgesia)
was supported by low-certainty evidence due to heterogene-
ity and imprecision, while higher certainty applied only to
selected secondary outcomes. We agree that this distinction
is important, and conclusions regarding equivalence should
be interpreted in this context. This reflects an inconsistency
in reporting rather than differences in the underlying
analyses.

We also appreciate the comments regarding the signifi-
cant heterogeneity observed in the primary outcome
(1% = 99%)." This limitation was acknowledged and discussed
in the manuscript and reflects the clinical diversity of the
included studies, including differences in patient popula-
tions, surgical procedures, block levels, and anesthetic
techniques.? Subgroup analyses were not feasible due to
inconsistent reporting of key variables and the limited num-
ber of studies per comparison.? Sensitivity analyses showed
that no single study disproportionately influenced the over-
all results.?

Regarding the classification of ESPB, we acknowledge
that sacral, lumbar, and thoracic approaches may differ in
anatomical spread and clinical application.? These differen-
ces were considered part of the clinical heterogeneity. ESPB
was treated as a single intervention based on its shared
underlying principle as a fascial plane block and a similar

https://doi.org/10.1016/j.bjane.2026.844784

technical approach.? We agree that further stratification by
block level may provide additional insights when sufficient
data are available.

Finally, we agree that broader clinical and patient-cen-
tered outcomes would enhance applicability. However, these
variables, as well as factors influencing POUR such as neu-
raxial opioid use and surgical type, were inconsistently
reported across the included trials and not available in suffi-
cient detail for meaningful analysis.>!" These limitations
reflect gaps in the available literature and highlight the
need for more standardized reporting in future studies.

We appreciate the opportunity to clarify these points.
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aspects of the reliability and freedom from bias of the data
presented and their discussed interpretation.
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