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ABSTRACT

Objective: This study aimed to explore (1) the human factors influencing the decision to use videolaryngoscopes
(VLs) instead of conventional Macintosh blades for intubation in operating room settings, and (2) the reasons
anesthesia providers report for selecting VLs in clinical practice.

Materials and Methods: A prospective observational study was conducted from September 2020 to June 2021 among
anesthesia personnel at Siriraj Hospital. Eligible participants included anesthesiologists, anesthesia residents, and
nurse anesthetists who used a VL for intubating adult patients under general anesthesia. Participants completed a
structured questionnaire based on the Human Factors Investigation Tool (HFIT) model, which captured internal
and external human factors, device selection rationale, and self-assessed performance. Data were analyzed using
descriptive and inferential statistics.

Results: A total of 176 VL intubation events were analyzed. Internal human factors such as stress (18.2%), discomfort
(15.3%), and fatigue (10.2%), along with external factors like a pushy environment (15.3%) and after-hours work
(7.9%), influenced VL use. The most cited reasons for choosing VLs included improved glottic visualization (39.8%),
device familiarity (29.5%), fewer complications (14.8%), and better supervision (7.4%). These findings align with
key domains of the HFIT model, including situational awareness, decision-making, and environmental conditions.
Conclusion: This study demonstrates that the decision to use VLs is shaped not only by technical considerations but
also by a range of human and contextual factors. The HFIT model provided a valuable framework for understanding
how providers navigate complex clinical environments. These insights support targeted interventions in training

and workplace design to enhance decision-making and airway safety.

Keywords: Videolaryngoscopes; human factors; airway management (Siriraj Med J 2025; 77: 676-684)

INTRODUCTION

Videolaryngoscopes (VL) have demonstrated
superiority over traditional direct laryngoscopy in
both anticipated and unanticipated difficult airways
by increasing first-attempt success rates and reducing
airway trauma.'” Their ability to provide an enhanced
glottic view without requiring alignment of the oral,
pharyngeal, and laryngeal axes makes them especially
useful for patients with restricted neck movement or
limited mouth opening.® Additionally, VLs reduce the
physical force needed during intubation, which minimizes
upper airway injuries and improves safety, particularly
in patients with fragile airway conditions.””

Beyond their utility in difficult airway scenarios,
VLs are increasingly used in patients with normal airway
anatomy due to their benefits in reducing soft tissue trauma,
improving visualization, and facilitating teaching and

16 Studies have shown that VLs can reduce

supervision.
intubation time and post-procedural complications such
as sore throat or hoarseness.”

Their widespread use in routine cases may also
enhance familiarity with the device, better preparing
providers for high-stakes or emergency situations.®’

Using VL can enhance human factors, including
non-technical aspects of airway management, especially
during difficult laryngoscopy and intubation.” "’ Teamwork,
communication, and overall team performance can be

improved by providing a shared visual of the airway.” '

Human factors play a critical role in airway management
and have been implicated in 40% of adverse outcomes
related to difficult airway complications, as highlighted
in the NAP4 report.” To prevent such complications,
anesthesia providers must be proficient not only in clinical
skills but also in understanding and managing human
factors at both individual and systemic levels.'* A recent
multicenter study reported that airway and respiratory
complications occurred in 9.6% of obese patients undergoing
general anesthesia, with pregnancy, obesity class, and
high Mallampati score being significant risk factors."”
Non-technical skills are increasingly recognized as a
complementary and independent area of competence in
anesthesiology.'*'” To address these concerns, Flin et al.
developed the Simplified Human Factors Investigation
Tool (HFIT) model to investigate difficult airway events.*
This study aims to identify the human factors, using the
HFIT framework, that influence the decision to use VLs
as intubation devices instead of conventional Macintosh
blades in operating room settings.

MATERIALS AND METHODS

This observational study was conducted in the
Department of Anesthesiology at Siriraj Hospital, Faculty
of Medicine Mahidol University, from September 2020
to June 2021. The primary aim was to identify the human

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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factors influencing the decision to use VLs for intubation
instead of conventional Macintosh blades in the operating
rooms. This study received approval from The Siriraj
Institutional Review Board (COA no Si 679/2020).

Eligible participants included attending anesthesiologists,
anesthesia residents, and certified registered nurse
anesthetists from the Department of Anesthesiology,
Faculty of Medicine Siriraj Hospital, who performed
tracheal intubation using VLs for adult patients (>18 years)
undergoing general anesthesia. To ensure homogeneity
of clinical context and reduce confounding variables,
data from pediatric, trauma, obstetric, and COVID-19-
related patients were excluded. These patient groups
often require distinct airway management protocols,
equipment, or infection control measures that differ
significantly from routine adult elective and emergency
surgical cases. This exclusion helped maintain consistency
in evaluating human factors specific to standard operating
room settings. Eligible participants volunteered to take
part in the study and were asked to complete a structured
questionnaire immediately following the intubation
event.

To systematically assess human factors, we developed
the “Human Factors Analysis Form” based on the Human
Factors Investigation Tool (HFIT) model proposed by
Flin etal.”” The HFIT framework is designed to investigate
the role of non-technical skills and contextual factors
in clinical decision-making. The form was translated
and validated in Thai and structured to collect detailed
information across four key domains: user demographics,
patient characteristics, airway device details, and a self-
assessment of the intubation event (Supplemental File 1).
The self-assessment section was the core component
reflecting the HFIT model, designed to evaluate five
domains of human performance—situational awareness,
decision-making, task management, teamwork, and
environmental conditions. Each domain was assessed
through targeted questions that captured internal factors
such as stress, fatigue, and discomfort, as well as external
factors like operating room conditions, time pressure, and
unfamiliar settings. Among the environmental factors
assessed were noise, lighting, temperature, unfamiliar
operating environments, and what was defined in this
study as a “pushy environment”. This term referred to
clinical settings where participants felt under increased
pressure to perform rapidly or precisely due to perceived
urgency, hierarchical dynamics, or expectations conveyed
by surgical teams, supervisors, or the overall pace of the
operating room. This operational definition helped capture
the subjective experience of performance pressure that may
influence decision-making in real-time clinical scenarios.

To quantify the likelihood of a difficult airway,
a scoring system was used based on seven established
predictors: limited mouth opening (<3 cm), limited
neck movement, reduced thyromental distance (<6 cm),
presence of a receding mandible, prominent upper incisors,
Mallampati classification III or IV, and history of difficult
intubation. Each positive predictor was assigned 1 point,
resulting in a total difficulty score ranging from 0 to 7,
with higher scores indicating increased risk of intubation
difficulty. Moreover, a difficult airway was operationally
defined as a failed intubation using conventional direct
laryngoscopy, followed by a request to use a VL as a
rescue device.

The questionnaire underwent expert validation by
two independent anesthesiologists with expertise in airway
management and human factors. Both experts assessed
the content for relevance, clarity, and representativeness.
The calculated Content Validity Index (CVI) was 0.96,
indicating a high level of agreement and excellent content
validity.

The HFIT-based questionnaire was administered
immediately after each intubation event to capture the
provider’s reflections on the decision-making process, human
factors, and contextual influences while the experience
was still fresh and accurately recalled. Participants were
asked to reflect on the specific conditions under which
they chose to use a VL, providing insights into both
conscious and contextual influences on their clinical
choices. The questionnaire also included space for free-
text responses to allow further elaboration beyond the
structured items.

The primary outcome was the successful intubation
using a VL. In cases of unanticipated difficult airway—
defined as failed intubation using conventional direct
laryngoscopy followed by a request for VL—success
was defined as successful endotracheal intubation on
the first attempt with VL.

The sample size was calculated to estimate the
proportion of anesthesia providers whose decision to
use VLs is influenced by human factors, assuming a
prevalence of 70% based on prior observational studies."’
Using a 95% confidence level and a precision of +7%,
the required sample size was 165.

All questionnaire items were optional, and participants
were allowed to skip questions without penalty. Missing
responses were treated as missing completely at random
and were excluded from item-level percentage calculations
without imputation. No statistical adjustments were
made for missing data, in keeping with the exploratory
nature of the study. For data analysis, descriptive statistics
such as means and standard deviations (SDs) were used
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to describe continuous data, while frequencies and
percentages were used to analyze categorical data. For
inferential statistics, the Chi-square test was employed
to compare two independent proportions for categorical
endpoints. A p-value of < 0.05 was considered statistically
significant. All statistical analyses were conducted using
SPSS software version 29.0 (SPSS Inc., Chicago, USA).

RESULTS

A total of 176 intubation events using videolaryngoscopes
in anesthesia settings were recorded from September 2020
to June 2021. Among the respondents who opted to use
VLs, 111 (63.1%) were anesthesia residents, 33 (18.8%)
were attending anesthesiologists, and 32 (18.2%) were
certified registered nurse anesthetists. The respondents
included 50 males (28.4%) and 126 females (71.6%),
with a mean age of 32.4 + 9.6 years (Table 1).

Successful intubation on the first attempt was
achieved in 161 cases (91.5%), while 15 cases (8.5%) were
unsuccessful. Among the 176 patients, 97 (55.1%) were
male and 79 (44.9%) were female, with a mean age of 57.6
+19.5 years. Emergency cases accounted for 21 (11.9%)
of the total. The distribution by service units included
18 (10.2%) in cardiovascular and thoracic surgery, 54
(30.7%) in otorhinolaryngologic surgery, 27 (15.3%) in
general surgery, 19 (10.8%) in neurosurgery, 28 (15.9%)
in orthopedic surgery, and 30 (17.1%) in other units.

...................................... Original Article SM]

Across 176 events, the chosen VLs were Macintosh
blade VLs in 116 cases (65.9%) and angulated blade VLs
in 60 cases (34.1%). Participants reported various internal
human factors affecting their decision to request VLs:
stress in 32 cases (18.2%), discomfort in 27 cases (15.3%),
fatigue in 18 cases (10.2%), and hunger in 8 cases (4.5%),
while 120 participants (68.2%) reported no internal
factors. External factors influencing the decision included
a pushy environment in 27 cases (15.3%), after-hours
situations in 14 cases (7.9%), unfamiliar suites in 14 cases
(7.9%), too many people involved in 14 cases (7.9%),
extreme temperature conditions (too hot or too cold) in
10 cases (5.7%), noisy conditions in 8 cases (4.5%), and
improper lighting in 8 cases (4.5%) (Table 2). Meanwhile,
120 participants reported no external factors. A human
factors analysis of both successful and unsuccessful first-
attempt intubations revealed no significant differences
between the groups, as demonstrated in Table 3. The
primary reasons participants cited for selecting VLs
were improved glottic visualization (70 cases, 39.8%),
familiarity with the devices (52 cases, 29.5%), confidence
that VL would result in fewer complications (26 cases,
14.8%), reduced intubation time (13 cases, 7.4%), and
better supervision (13 cases, 7.4%).

The decision to request alternative airway devices
was made in the operating theaters before induction in
88 cases (50.0%), during preanesthetic visits in 74 cases

TABLE 1. Demographic data of respondents.

Variable

on the first attempt (n=161)

Sex (Male), n (%) 41 (25.5)
Age (year), mean (SD) 32.0 (8.5)
Type of respondent, n (%)
Attending anesthesiologist 34 (21.1)
Anesthesia resident 98 (60.9)
Certified register nurse anesthetist 29 (18.0)
Experience of respondent, n (%)
0-5 years 129 (80.1)
5-10 years 4 (2.5)
10-15 years 15 (9.3)
More than 15 years 13 (8.1)

Successful intubation

Unsuccessful intubation p value
on the first attempt (n=15)
6 (40.0) 0.36
31.9 (8.4) 0.97
0.33
2 (13.3)
8 (53.3)
5(33.3)
0.53
13 (86.7)
1(6.7)
1(6.7)
0 (0.0)

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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TABLE 2. Human Factors Reported to Influence the Decision to Use Videolaryngoscopes (n=176).

Category Factor Number of Cases Percentage (%)
Internal Factors Stress 32 18.2
Discomfort 27 15.3
Fatigue 18 10.2
Hunger 8 4.5
External Factors Pushy environment 27 15.3
After-hours situations 14 7.9
Unfamiliar suite 14 7.9
Too many people involved 14 7.9
Extreme temperature 10 5.7
Noisy conditions 8 4.5
Improper lighting 8 4.5
Technical Considerations Improved glottic view 70 39.8
Familiarity with device 52 295
Fewer complications expected 26 14.8
Better supervision 13 7.4

TABLE 3. Participant responses to non-technical skill statements adapted from the Human Factors Investigation
Tool (HFIT) framework, targeting domains such as decision-making, teamwork, and situational awareness. These
human factors were analyzed in relation to successful and unsuccessful first-attempt intubations.

Category Question Success in the first Unsuccess in
attempt (n=161) first attempt P
(n=15)
Task Do you know how to assess difficult airways? 161 (100%) 15 (100%)
management Did you notice the personnel action error? 15 (9.3%) 3 (20.0%) 0.186
Are you aware of the difficult airway management 158 (98.1%) 15 (100%) 1.00
guideline?
Did you follow the difficult airway management 151 (93.8%) 14 (93.3%) 1.00
guideline?
Teamworking  Did your team have a clear role? 160 (99.4%) 15 (100%) 1.00
Did the assigned role appropriate to the team member? 161 (100%) 15 (100%)
Did your teamwork collaborate? 160 (99.4%) 14 (93.3%) 0.16
Did the information exchange appropriately? 150 (93.2%) 14 (93.3%) 0.43
Did your team encourage each other? 148 (91.9%) 14 (93.3%) 1.00
Situation Did you notice the difficult airway beforehand? 155 (96.3%) 13 (86.7%) 0.14
awareness Did you plan for alternative airway instruments in 149 (92.5%) 13 (86.7%) 0.34
advance?
Decision Did you aware of the pros and cons of the 139 (86.3%) 10 (66.7%) 0.58
making instrument chosen?
Did you have another backup plan? 109 (67.7%) 10 (66.7%) 1.00

680 Volume 77, No.10: 2025 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index



(42.0%), and after failed intubation with a Macintosh
blade #3 in 12 unanticipated difficult airway cases (6.8%).
The success rate of VLs in unanticipated difficult airway
cases, defined as successful intubation on the first attempt
using VL, was 10 out of 12 (83.3%). The mean intubation
difficulty score was 2.03 (£1.6), and there was no significant
difference between the success and unsuccessful groups.

DISCUSSION

This study demonstrated a high first-attempt intubation
success rate (91.5%) using videolaryngoscopes (VL) in
anesthesia settings. The primary reasons for selecting VL
included improved glottic visualization, device familiarity,
reduced complications, and enhanced supervision. Both
internal (e.g., stress, discomfort) and external (e.g., pushy
environment, after-hours situations) factors influenced
the decision to use VL.

The high first-attempt success rate highlights the
effectiveness of VL in clinical practice. Our findings align
with previous studies reporting high success rates with
VL in both difficult and non-difficult airway situations."”
When comparing success rates of VL and conventional
Macintosh laryngoscopes, the literature consistently
shows higher first-attempt success rates with VL due
to its superior glottic visualization and improved angle
of view, which enhances the likelihood of successful
intubation on the first attempt, reducing the incidence
of failed intubations and associated complications.

The study highlights several reasons for selecting VL
for intubation, including improved glottic visualization,
device familiarity, reduced complications, and better
supervision during intubation. VL devices are equipped
with video cameras that provide a high-resolution view of
the glottis and surrounding structures."'” This enhanced
visualization is particularly beneficial in patients with
difficult airways, where direct laryngoscopy often fails
to provide a clear view."”” Studies have shown that VL
significantly improves the Cormack-Lehane grade and
offers superior visualization compared to Macintosh
laryngoscopes, especially in patients with difficult
airways.””' The improved visualization also enhances
team coordination by allowing all members to share

1,3,13

the visual field and maintain situational awareness
during the procedure.”” This shared view enables the
team to assist with additional airway maneuvers, such
as applying external laryngeal pressure or providing
secretion suction when needed. Familiarity with the VL
device is another crucial human factor influencing its
selection as the first-choice intubation tool."** This is
particularly important in emergency situations where
quick and efficient airway management is critical.*’

...................................... Original Article SM]

Knowing how to operate and locate the device is vital
for effective airway management.*”’ Another significant
reason for choosing VL is the improved supervision and
support it offers during intubation, making it valuable
in both routine and emergency settings. The shared
glottic view allows supervisors to guide the intubation
process, provide immediate feedback, and intervene
when necessary to prevent complications.” *° Ensuring
that practitioners are familiar with VL through regular
use can further improve outcomes.

This study examined the influence of human factors,
such as stress, pushy environment, discomfort, fatigue/
after-hours situations, and hunger, on the decision to use
VL for intubation. Anesthesia induction and intubation
are high-stakes procedures that demand rapid decision-
making and precise clinical skills. Human factors can
significantly impact the performance of anesthesia providers
during these critical moments.'"'>'* Studies have shown
that stress/ pushy environments can reduce working
memory capacity and hinder problem-solving abilities,
potentially affecting the choice of intubation device.”"”
Stress-induced physiological changes, such as increased
heart rate and elevated cortisol levels, can also impair
coordination and fine motor skills.” Discomfort, often
due to poor ergonomic conditions, can negatively affect
concentration and efficiency.” Inadequate workstation
setups, improper posture, and prolonged standing may
lead to musculoskeletal pain and distraction. Additionally,
environmental factors, such as extreme temperatures, noise,
and psychological discomfort (i.e., anxiety) in unfamiliar
environments can increase cognitive load and reduce
situational awareness, complicating decision-making during
anesthesia.”” Fatigue also negatively affects cognitive and
physical performance, impairing attention, memory, and
executive function. It slows reaction times and increases
error rates, with performance degradation comparable
to alcohol intoxication.”” This is particularly concerning
in the high-stakes anesthesia settings. Understanding
and addressing human factors such as stress, discomfort
and fatigue through targeted interventions can improve
clinical performance and patient safety.'” Strategies
like simulation training, ergonomic improvements,
fatigue management, and promoting proper nutrition
can mitigate the adverse effects of human factors and
enhance the overall effectiveness of anesthesia providers
in high-pressure situations.

This study employed the HFIT model to create a
questionnaire assessing various aspects of intubation
practices. The results showed a high proportion of
affirmative responses across multiple items in Table 3—
for example, 91.5% reported knowing their roles during

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 77, No.10: 2025 Siriraj Medical Journal 681



Puangrab et al.

intubation and 89.2% indicated clear communication
with team members—indicating general competence
and situational awareness among respondents. However,
the self-analysis method used to assess human factors
presents certain limitations.”” Healthcare providers tend
to report their non-technical skills higher than when
observed in simulation settings.” Moreover, the relatively
low proportions of respondents who reported having a
backup plan (67.7%) or observed errors during intubation
(64.2%) are concerning. These findings, as shown in
Table 3, may indicate under-preparedness or a tendency
to underrecognize or underreport errors during airway
management. This finding could imply the need for
better education and culture around error reporting and
analysis.”"* Similarly, the relatively low score on the backup
intubation planning reveals a significant gap in airway
management preparedness. Having a comprehensive
backup plan is essential, especially in difficult airway
scenarios, to ensure prompt, effective, and successful
management when unexpected situations arise."” These
findings emphasize the importance of continued focus
on developing and implementing robust backup plans
in airway management protocols and training programs.

Limitations

While this study offers useful insight into the human
factors that prompt clinicians to select VLs and highlights
the value of backup plans during difficult intubations,
several limitations warrant consideration. First, the analysis
is inherently subject to selection bias: only intubations in
which providers had already chosen a VL were captured,
and participation was voluntary. Because no comparison
cohort of conventional direct-laryngoscopy cases was
included, causal inference regarding device choice
cannot be made.” Second, the observational, single-
center design further limits causal interpretation and
external validity. Clinical practices, resource availability,
and patient characteristics at Siriraj Hospital may differ
from those in other institutions or healthcare systems,
constraining generalizability. Third, all human-factor data
were obtained from immediate post-procedure self-reports.
Although this timing minimizes recall decay, it remains
vulnerable to recall and social-desirability bias; providers
may under- or over-estimate non-technical behaviors
such as situational awareness or error recognition.”
Additionally, the study was not powered for inferential
subgroup comparisons, and multivariate analysis was
not feasible due to the limited number of unsuccessful
intubation cases. Finally, unmeasured confounders—
including provider experience, institutional culture, and
contemporaneous pandemic-related practice changes—

may have influenced both human-factor ratings and
intubation outcomes. These limitations underscore that
the present findings are exploratory and hypothesis-
generating, with the primary aim of informing the design
of future studies rather than guiding immediate changes
in clinical practice. Future multi-center studies with
objective behavioral assessment and a control group of
direct-laryngoscopy cases are needed to confirm and
extend these observations.

Strengths and implications

Despite these limitations, this study offers several
noteworthy strengths. It isamong the few to systematically
apply the HFIT to explore decision-making in airway
management in real-world operating room settings.
By capturing responses immediately after intubation,
the study provides timely insights into how internal
(e.g., stress, fatigue) and external (e.g., time pressure,
communication dynamics) human factors influence the
choice to use VLs. The inclusion of multiple provider
types—attending anesthesiologists, residents, and nurse
anesthetists—adds to the contextual relevance of the
findings.

Importantly, the study highlights actionable gaps in
current practices, particularly in error recognition and
backup planning, which are critical to patient safety. Based
on our findings, integrating the HFIT model into airway
management practice has several potential applications.
It can support routine post-intubation debriefings by
enabling systematic reflection on technical and non-
technical contributors to performance. HFIT domains
can also be used to design simulation scenarios that help
trainees recognize and manage system-based challenges,
such as communication breakdowns or equipment
availability. Finally, embedding HFIT principles into
formal airway training programs may enhance decision-
making, preparedness, and team coordination, ultimately
improving safety and efficiency in airway management.

CONCLUSION

This study identified key human factors influencing
the decision to use VLs instead of Macintosh blades in
the operating room. Internal factors such as stress and
fatigue, along with external pressures like time constraints
and high-demand environments, played a significant
role in decision-making. Participants cited improved
glottic visualization, device familiarity, and enhanced
supervision as primary reasons for choosing VLs. By
applying the HFIT model, this study systematically
captured the interplay of cognitive, organizational, and
environmental influences on airway management. The
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findings underscore the importance of incorporating
HFIT-based frameworks into training, debriefing, and
system-level strategies to support safe and efficient
intubation practices.
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ABSTRACT

Objective: Intraoperative nefopam infusion was documented as safe and viable for supplemental pain management,
alongside opioids following surgery. Postoperative pain control with nefopam after video-assisted thoracoscopic
surgery (VATS) is not well understood. This study assessed the effects of nefopam towards postoperative morphine
requirements and pain intensity 24 hours after VATS lobectomies.

Materials and Methods: This multicenter, double-blind, randomized, controlled trial enrolled 18-70-year-old
elective VATS lobectomy patients. Patients were randomized 1:1, receiving nefopam or normal saline solution (NSS)
administered during the maintenance of anesthesia and 24-hour postoperative period. All received multimodal
analgesia, including paracetamol, ibuprofen, and intercostal nerve blocks. Postoperative morphine was administered
via patient-controlled analgesia (PCA) devices and recorded at 10 and 30 minutes, and 1, 2, 6, 12, 18 and 24 hours.
Postoperative pain was graded at rest and during deep breathing using numeric rating scale (NRS) scores 1, 2, 12,
and 24 hours.

Results: Of 72 enrolled patients, 70.8% were female, with a mean (+ standard deviation) age of 56.5 + 10.4 years.

No significant postoperative difference was observed between groups for: total median (P, P.,) morphine amounts

25
administered over 24 hours (nefopam, 14 [8, 24] mg; control, 8 [4.5, 19] mg; p = 0.17); NRS pain scores during rest
(p = 0.98) or deep breathing (p = 0.82) 1, 2, 12, and 24 hours

Conclusion: Intraoperative and postoperative nefopam infusion, including multimodal analgesia, did not reduce

morphine consumption or NRS pain scores in VATS lobectomy, but may have prolonged the duration of pain relief.

Keywords: Video-assisted thoracoscopic surgery; nefopam; postoperative pain; lobectomy (Siriraj Med ] 2025; 77:

685-694)

INTRODUCTION

Open thoracotomy pulmonary resections require
large surgical incisions and are linked to significant
postoperative pain. Video-assisted thoracoscopic
surgery (VATS) has recently emerged as a popular and
effective surgical technique."” Compared to traditional
thoracotomies, it is a minimally invasive surgical procedure
for lung resections with smaller surgical incisions, better
postoperative pulmonary function, and shorter hospital
stays.”* Hence, there is a growing preference for VATS
as an alternative over open thoracotomies."””

Effective management of postoperative pain following
thoracic surgery enables patients to ambulate early,
contributing to a swift recovery and minimizing the
risk of postoperative pulmonary complications.” Pain
control for open thoracotomies in the past was mostly
through opioids and local anesthetics administered by
epidural catheter.”” This technique is invasive and can
cause many complications despite its effectiveness in

0 Less-invasive, non-

controlling postoperative pain.
opioid analgesics are alternatives that warrant further
study to ensure safe and effective postoperative pain
control in VATS lobectomy patients."’

Nefopam isa centrally acting, non-opioid, non-steroidal
analgesic that is commonly prescribed worldwide to treat
acute pain following surgery and has less severe adverse

reactions (AEs) compared to opioids."* Its mechanism of
action entails the inhibition of serotonin and norepinephrine
reuptake. It also reduces glutamate release by modulating
sodium and calcium channels.” Intraoperative nefopam
infusions were found to reduce opioid requirements
during laparoscopic cholecystectomies'* and significantly
reduce the amount of required morphine after orthopedic
surgery."” It was also observed to lower pain scores
during immediate'” and early postoperative periods."
Nefopam performed notably better than paracetamol in
reducing early postoperative morphine requirements. '
It may serve as a valuable adjunct to morphine due to its
significant analgesic effects, facilitating the management
of severe postoperative pain in surgical procedures like
upper abdominal surgery."”

Currently, postoperative pain control with nefopam
after VATS is not well understood, Enhanced Recovery
After Surgery (ERAS®) protocols recommended by the
Society and the European Society of Thoracic Surgeons
(ESTS) has not yet included nefopam use.'* This study
sought to clarify this issue. It assessed the clinical benefits
of nefopam in postoperative pain control and morphine
requirements in combination with an intraoperative
intercostal nerve block (INB) as well as paracetamol
and non-steroidal anti-inflammatory drug (NSAID)
use immediately and 24-hours after VATS lobectomies.
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We hypothesized that nefopam can decrease cumulative
morphine consumption during the 24-hour postoperative
period after VATS lobectomies.

MATERIALS AND METHODS
Study design and participants

This multicenter, double-blind, randomized clinical
trial (RCT) was conducted between September 2020 and
October 2021 across two hospitals: Siriraj and Vajira.
Eighteen-to-seventy-year-old patients undergoing elective
VATS lobectomies and capable of operating patient-
controlled analgesia (PCA) devices were eligible for
inclusion. Patients allergic to nefopam, paracetamol,
ibuprofen, or bupivacaine; with nefopam contraindications;
kidney disease(s) or disorders (estimated glomerular
filtration rate [eGFR] <60 mL/min); a body mass index
(BMI) >35 kg/m? with liver cirrhosis; or with chronic
pain were excluded from the study. Patients observed to
have a nefopam intolerance (i.e., tachycardia, dizziness,
urinary retention) or who failed to use intravenous (IV)
PCA were subject to withdrawal and termination criteria
as determined at the researchers’ discretion.

The study was approved by Institutional Ethics
Committees (IECs) of each participating center (Siriraj
Institute Review Board [SIRB] COA Si 489/2020 and
Vajira Ethics Committee [EC] COA 155/2563). It was
carried out in accordance with International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) Good Clinical
Practice (GCP), the Belmont Report, and the Declaration
of Helsinki. The study was registered under ClinicalTrials.
gov on January 23, 2020 (NCT04241640). All patients
provided written informed consent before enrollment.

Randomization and blinding

Patients were allocated 1:1 using computer-generated
block randomization into two groups to receive nefopam or
an infusion of normal saline solution (NSS) administered
duringanesthesia maintenance and the 24-hour postoperative
period thereafter. Randomization numbers were distributed
in opaque, sealed envelopes with running numbers of
1 to 72. Anesthesia was administered by an attending
anesthesiologist unaffiliated with the research team and
blinded from patients’ allocations. The type of study drug
administered to both nefopam and NSS patients was
blinded (labeled as 100 mL and 500 mL study drugs) after
formulation by anesthesia personnel (also unaffiliated
with the research team). Patients in the control group
would receive NSS infusions in bottles identical to those
in the nefopam group.

...................................... Original Article SM]

Study procedures

During preoperative care, patients were educated
on PCA and the numeric rating scale (NRS) scoring
(where 0 = no pain and 10 = worst imaginable pain).
Peak expiratory flow rate (PEFR) was measured in L/min
using portable peak flow meters (MicroPeak®, CareFusion,
San Diego, CA, USA). Preoperative PEFR was measured
thrice to calculate a mean value. Anesthesia was induced
with 1-2 mcg/kg fentanyl, 0.1 mg/kg cis-atracurium,
and a continuous infusion of propofol controlled by a
Schneider® model target control infusion (TCI) system
(starting at 4 mcg/mL and subsequently adjusted by the
attending anesthesiologist according to the patients’
vital signs). Anesthesia was maintained with oxygen
and air as well as a continuous infusion of propofol
also controlled by the Schneider®” model TCI system.
Additional fentanyl may be administered if the patient’s
blood pressure and heart rate increase by more than 20%
from their normal baseline, subject to the discretion of the
anesthesiologist. 20 mg (2 mL) nefopam in 98 mL NSS
was infused as 100 mL/hr at the beginning of surgery,
then 80 mg (8 mL) nefopam in 492 mL NSS infused as
20 mL/hr for 24-hours in nefopam group patients. The
same infusion procedures (100 mL/hr followed by 20
mL/hr) were performed for the control group using
the blinded study drug (100 and 500 mL of NSS only).
The number of surgical incisions were consistent across
groups.

Before wound closure, direct vision INBs were
performed by the attending surgeon using 0.5% bupivacaine.
INBs were performed across three levels of the intercostal
nerves, each administered 7 mL of 0.5% bupivacaine
to ensure complete analgesia coverage of the wound
and chest drain. When patients responded to verbal
commands, opened their eyes, and had an appropriate
tidal volume, they were extubated and moved to the
post-anesthesia care unit (PACU). There, PCA devices
were attached to patients for them to self-administer
morphine. The PCA settings were fixed to PCA mode,
2 mg bolus doses (35 mg limit over a 4-hr period), and
logout interval of five minutes.

Postoperative pain management and measured outcomes

Patients transferred to the PACU stayed for at
least an hour. Each patient’s pain level was assessed at
rest and during deep breathing exercises using a NRS
ranging from 0 (no pain) to 10 (most intense pain) upon
arrival to the PACU as well as 1, 2, 12 and 24 hours
thereafter. Respiratory rate was also monitored, with
respiratory depression defined by a combination of a
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respiratory rate (RR) <10 bpm and sedation score of
3. Patients were transferred to the general ward should
no acute complications be observed. In the general
ward, the cumulative dose of morphine administered
postoperatively by PCA (primary outcome) was recorded
10 and 30 minutes after as well as 1, 2, 6, 12, 18, and 24
hours after surgery. Patients were also categorized by
their NRS score into mild (0-3), moderate (4-6), and
severe pain (7-10) groups. All patients received 500
mg paracetamol every six hours and 400 mg ibuprofen
three times daily after meals for two days. PEFR were
measured again at 24 hours after surgery. The difference
in percentage between preoperative and postoperative
PEFR was calculated as:

(Preoperative PEFR — Postoperative PEFR) % 100
Preoperative PEFR
AEswere also recorded (specifically: nausea, vomiting,
itching, urinary retention, drowsiness). Urinary retention
was measured after the removal of Foley’s catheters at
least 24 hours after surgery.

Statistical analyses
Based on the estimated 6-hour post-operative fentanyl
consumption in the nefopam and control groups (323.8

+119.3 mcgand 421.2 + 151.6 mcg, respectively),”” with
a two-sided type I error of 0.05, 80% power, and 10%
dropout, a sample size of 36 per group was required.
Continuous data (age, weight, NRS score, and 24-hour
morphine consumption) were presented as mean *
standard deviation (SD) or median (P,,,
and perioperative data were compared using a Student's
t-test or Mann-Whitney U test. NRS score at four time
points and 24-hour morphine consumption at eight time
points were compared using repeated measures ANOVA.
Time to first PCA-trigger was analyzed using survival
analysis and log-rank test for comparison of two survival
curves. Categorical data (biological sex, and prevalence
of AEs) were presented as number (%) and compared
using a Chi-square test. Data were processed using SPSS®
(v30.0; IBM® Corporation, Armonk, NY, USA). P-value
<0.05 was considered statistically significant. To account
for multiple comparisons, a Bonferroni correction was
applied, to mitigate the false discovery rate, the adjusted
p-values were used.

P_). Demographic

RESULTS

Seventy-two patients were enrolled in this study
between September 2020 and October 2021, half
received nefopam and half NSS (as a control) (Fig 1).
70.8% of patients were female (n = 51) with a mean +

Assessed for eligibility (n=72)

y

Excluded (n=0)

Randomized (n=72)

|

v ll Allocation J v

Allocated to intervention (n=36)
4 Received allocated intervention (n=36)

L

v Follow-Up v

Allocated to intervention (n=36)

4 Received allocated intervention (n=36)

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

Discontinued intervention (give reasons) (n=0)

Analysed (n=36)

Y Analysis y

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

Discontinued intervention (give reasons) (n=0)

Analysed (n=36)

Fig 1. Consort diagram. Seventy-two participants were assessed for eligibility before 1:1 randomization into two study arms. All participants

were enrolled and included during subsequent analyses.
Abbreviation: NSS = normal saline solution
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standard deviation (SD) age of 56.5 + 10.4 years. Baseline
characteristics (age, body weight, biological sex, American
Society of Anesthesiologists physical class [ASA-PS]) and
demographics were similar and not statistically different
across groups (Table 1). The number of surgical incisions
(p = 0.13) as well as perioperative characteristics were
also not statistically different across groups (Table 2).
We additionally found no difference in time to first drink
(p = 0.28), first eat (p = 0.42), sit (p = 0.60), and walk
(p = 0.59) across both groups.

The postoperative morphine administered 24-hours
after surgery was reported as median (P_,,
the data were non-normally distributed. No significant
difference was observed in the median (P,., P.,) cumulative

P_) because

25’

..................................... Original Article SM]

postoperative morphine administered 24-hours after
surgery between the nefopam and control groups (14
(8, 24] mg vs 8 [4.5, 19] mg, respectively, p = 0.17;
Fig 2). Patients receiving nefopam had a longer mean
pain-free duration than the control (75 min vs 70 min).
This difference was not statistically significant (p = 0.79).

No difference in postoperative NRS scores or percentage
of patients with moderate and severe pain 1, 2, 12, and 24
hours after surgery at rest and with deep breathing were
observed as well (Figs 3 and 4, respectively). We also found
no difference between preoperative and postoperative
PEFR across both groups (25.4% + 19.18% and 21.5%
+ 30.0% for nefopam and control groups, respectively,
P=0.52).

TABLE 1. Demographics and characteristics of participants.

Characteristic Nefopam (n = 36) Control (n = 36) P-value
Age (years) 584 +7.38 54.6 +12.2 0.12
Body weight (kg) 64.0 £ 10.1 60.8 £ 12.5 0.24
Biological sex (Female) 24 (66.7) 27 (75.0) 0.44
ASA-PS
| 20 (55.6) 28 (77.8) 0.13
Il 13 (36.1) 6 (16.7)
Il 3(8.3) 2 (5.6)
Data are presented as mean + SD or n (%).
Abbreviation: ASA-PS = American society of anesthesiologists physical class
TABLE 2. Perioperative characteristics.
Variable Nefopam Control P-value
(n = 36) (n =36)
Duration of anesthetic (min) 181.4 £46.5 186.8 £ 68.8 0.70
Duration of surgery (min) 131.8 £40.0 136.4 £ 62.9 0.71
Number of ports
1 20 (55.6) 28 (77.8) 0.13
2 13 (36.1) 6 (16.7)
3 3(8.3) 2 (5.6)
Intraoperative fentanyl use (mcg) 135.7 £47.9 126.3 + 46.5 0.40
Postoperative 24-hour morphine consumption (hrs) 14 (8, 24) 8 (4.5, 19) 0.17
Difference between preoperative and 24-hour postoperative PEFR (%) 25.4 +191 21.5+30.0 0.52

Data are presented as mean + SD or n (%).
Abbreviation: PEFR = peak expiratory flow rate
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Fig 2. Boxplot (25%, 75" percentiles)
of cumulative postoperative morphine

consumption (mg) at each time point

24-hours after surgery. No statistically

significant difference was observed
between the two groups (p = 0.17).
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Fig 3. Boxplot (25%, 75™ percentiles) of median
numeric rating scale (NRS) scores at 1, 2, 12, and
24-hour postoperative at (A) rest (p = 0.98) and (B)
during deep breathing (p = 0.82). NRS scores of 1-3
represent mild pain, 4-6 moderate pain, and 7-10
severe pain. Chi-square and Fisher's exact tests were
used to assess statistical significance of postoperative
NRS scores.

Abbreviations: NRS = numerical rating scale; NSS

= normal saline solution
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Five patients from the nefopam group, and one from
the control, reported feeling dizziness (Supplementary
Table 1). However, the prevalence of the AE was not
statistically significant across groups (p = 0.12). Patients
from the Nefopam group also reported tachycardia
(n=1) and urinary retention (n = 1). Two patients from
the control group also experienced urinary retention.
Patients across both groups did not report sweating,
respiratory depression, or delirium.

DISCUSSION

This study investigated the efficacy of nefopam infusion
as a component of a multimodal analgesic approach in
VATS lobectomy patients. We demonstrated that nefopam
use as an adjunct to intra- and postoperative analgesic
methods, as well as an INB, did not result in significant
reductions in cumulative morphine requirements during
the 24-hour postoperative period and postoperative NRS
scores at rest and during deep breathing compared to the
control group. Despite a lack of statistical significance,
the nefopam group exhibited a longer time to the first

analgesic requirement. Since the mean pain-free time
differs by only a few minutes, it may not be clinically
significant.

Several studies have investigated the efficacy of IV
nefopam administration towards acute postoperative
pain across many types of surgical operations. Kim et al.
demonstrated that intraoperative nefopam infusions reduced
opioid requirements and pain scores (graded by visual
analogue scales [VAS]) in 60 patients with laparoscopic
cholecystectomies during the early postoperative period
after remifentanil-based anesthesia."” Na et al. found
that nefopam decreased postoperative pain and opioid
consumption during the acute postoperative period in
patients that underwent laparoscopic gastrectomy."”
Nefopam was also found to significantly reduce morphine
use in orthopedic surgery patients with lower immediate
postoperative pain scores.'”” While many studies reported
that nefopam reduced opioid usage and significantly
decreased postoperative pain, Lee et al. found no significant
difference in the cumulative PCA-administered fentanyl
between 135 patients that received nefopam only, fentanyl
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only, or nefopam with fentanyl during laparoscopic
gynecologic surgery.”’ This suggests that nefopam may
not always be effective at reducing postoperative pain
and opioid requirements for certain types of surgeries.

We found that cumulative morphine requirements
and postoperative NRS scores were not statistically
different between nefopam and control groups. This
lack of statistical difference could be explained by the
multimodal analgesia regimens for patients across both
groups. Single-injection INB effectively reduces pain
during the first 24 hours after thoracic surgery*' and
was found to be safe and effective at reducing immediate
postoperative pain and analgesic requirements across 32
VATS bilateral sympathectomy patients.”” One study
also investigated VATS surgery with the use of nefopam
but without performing an INB. The study found that
nefopam effectively reduced the NRS score.” Therefore,
this information may support the notion that INB can
provide effective pain relief for patients without the
need for nefopam. Moreover, all patients in our study
received ibuprofen and paracetamol. Both drugs are
effective adjuvant agents for postoperative pain.”**
Combinations of ibuprofen and paracetamol provided
better acute postoperative pain control than either as a
standalone, reducing the need for additional analgesia
at least eight hours thereafter.”” Nefopam may not have
provided any additional analgesic benefits, hence the
lack of statistical difference in the cumulative dose of
morphine across groups.

The average morphine consumption across both
groups was 15.08 £ 11.89 mg, similar to the amount
reported by Suksompong et al. across 32 VATS patients
(mean [interquartile range] morphine of 15 [5.5, 29.5]
and 22.5 [15.3, 40.8] mg over 24 hours in the low dose
ketamine group and NSS control, respectively, both with
multimodal analgesia).”” Na et al.’s' 60 laparoscopic
gastrectomy patients required lower doses of fentanyl
administered by IV PCA in the nefopam group (323.8+119.3
mg) than the control (421.2+151.6 mg) the first six
hours after surgery. This is equivalent to 32.4+11.9 mg
and 42.1£15.1 mg of morphine, respectively — 2.1-2.8
times greater than what was administered in our study.
From this, we surmised that multimodal analgesia by
INB, paracetamol, and ibuprofen may be sufficient for
VATS lobectomies.

Postoperative nausea and vomiting (PONV) are
prevalent AEs of drugs used in general anesthesia and
opioids administered via IV PCA. This also applies
to nefopam.” Tachycardia is another frequent AE
associated with nefopam.” However, we observed none
of patient experienced PONV across both groups, and

only one patient in the nefopam group experienced
tachycardia. However, this case did not present with
significant hemodynamic changes and did not require
immediate medical intervention. Other AEs like sweating,
respiratory depression, or delirium were not reported
by all participants. This aligns with previous studies that
demonstrated nefopam’s safety and reduced prevalence
of AEs compared to other analgesic opioids.

The main limitation of this study was it only included
VATS lobectomies. Our findings may not be generalizable
to other VATS (e.g., thymectomies, wedge resections, etc.).
This study did not explore the topic of prehabilitation,
which is an area worth investigating in future research,
as there is evidence supporting its benefits in enhancing
postoperative recovery.” Further RCT's with large cohorts
are warranted to assess nefopam use across other types
of VATS.

CONCLUSION

To conclude, administering nefopam during and after
VATS lobectomies did not appear to lower postoperative
morphine usage or alleviate pain intensity. However, it
could non-significantly prolong the duration of pain
relief for patients undergoing this surgery.
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Unplanned postoperative reintubation is a rare but serious complication.
Identifying patients with risk factors is essential to improve outcomes.
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ABSTRACT

Objective: Postoperative reintubation after planned extubation (PRAP) is a complication following general anesthesia.
This study aimed to determine the incidence, risk factors, and outcomes in a tertiary-care university hospital.
Materials and Methods: A retrospective case-control study was conducted between 2014 and 2022. The PRAP
group included patients requiring reintubation within 2 h after planned extubation following general anesthesia,
while the control group included patients who did not require reintubation. Cases and controls were matched in a
1:3 ratio, with time-matched controls randomly selected within 2 weeks. Descriptive statistics and logistic regression
were utilized for analysis.

Results: Of 139,103 patients, 88 PRAP cases were identified, yielding an incidence of 0.06% (95% Confidence Interval
[CI], 0.05-0.08). Multivariate analysis revealed independent risk factors associated with PRAP: the American Society
of Anesthesiologists Physical Status (ASA) = III (adjusted odds ratio [aOR], 2.72; 95% CI, 1.58-4.66; P < 0.001),
hemoglobin < 12 g/dL (aOR, 1.76; 95% CI, 1.02-3.01; P = 0.041), creatinine clearance < 60 mL/min (aOR, 3.38; 95%
CIL, 2.16-5.30; P < 0.001), and chronic obstructive pulmonary disease (COPD) (aOR, 18.73; 95% CI, 1.60-219.22;
P =0.020). PRAP was associated with increased 30-day mortality, cardiac arrest, and prolonged length of hospital
and intensive care unit stay (all, P < 0.001).

Conclusion: The incidence of PRAP was 0.06%. Independent risk factors associated with PRAP were ASA, hemoglobin,
creatinine clearance, and COPD. PRAP is associated with adverse postoperative outcomes, highlighting the need
for preventive strategies and careful perioperative management.

Keywords: Anesthesia complication; extubation; mortality; postoperative complication; postoperative reintubation;

risk factors (Siriraj Med ] 2025; 77: 695-706)

INTRODUCTION

Postoperative reintubation after planned extubation
(PRAP) is a severe complication of general anesthesia
involving endotracheal intubation. PRAP is associated with
significantly higher rates of postoperative complications—
such as cardiac and pulmonary complications, prolonged
hospital stays, and increased mortality."* Despite established
extubation protocols and preventive strategies, PRAP
remains a persistent issue.’

Reported PRAP incidence rates vary widely, ranging
from 0.06% to 14.8%.” "' This variability may stem from
differences in study populations and definitions of PRAP.
While some studies define PRAP occurrences within the
post-anesthesia care unit (PACU),” "> others consider
later events in surgical wards.*” In Thailand, two-decade-
old studies reported PRAP incidences of 0.14% and
0.27% in PACU settings,”" but these findings may not
reflect current anesthesia practices. Updated data on
PRAP incidence is crucial, as it serves as an indicator of
anesthesia service quality and aligns with patient safety
goals."”

Several risk factors for PRAP have been identified,
including extreme age, chronic obstructive pulmonary
disease (COPD), prolonged surgical duration, a higher
American Society of Anesthesiologists (ASA) physical
status, and the use of certain neuromuscular blocking
agents.”” However, findings vary across studies, likely

due to differences in patient populations, surgical types,
and institutional practices. Furthermore, most of these
identified risk factors are non-modifiable, either patient-
related or surgery-related. Understanding the risk factors
within a specific institution and exploring potentially
modifiable anesthesia-related factors is crucial for optimizing
perioperative care and anesthetic management to reduce
the occurrence of PRAP."

This study aimed to evaluate the incidence of PRAP in
a tertiary-care university hospital in Thailand. Additionally,
itaimed to identify associated risk factors for and adverse
outcomes. The focus was on immediate PRAP occurring
within the first two postoperative hours, as such events
are typically related to anesthetic management."” While
PRAP may also occur later during hospitalization, these
later cases are often influenced by factors unrelated to
anesthesia.”'® The study sought to explore modifiable
anesthesia-related risk factors that could be implemented
in future anesthesia practices to reduce the occurrence
of PRAP.

MATERIALS AND METHODS

A retrospective case-control study was conducted
at Siriraj Hospital, a tertiary-care center in Bangkok,
Thailand. The study adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines and was approved by the Siriraj

696 Volume 77, No.10: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



Institutional Review Board (COA no. Si 621/2022).
Informed consent was not required due to the retrospective
nature and anonymization of data. Data was extracted
from electronic records spanning January 1, 2014, and
August 24, 2022.

Study participants

This study included adult patients aged > 18 yr
undergoing any types of surgery under general anesthesia
with endotracheal intubation. The total number of these
patients during the study period was obtained from the
anesthesiology department’s records. Anesthetic records at
the study site comprised three components: preoperative,
intraoperative, and postoperative data. Reintubation
events were retrieved through the Anesthesiology’s
department postoperative dataset and considered as
potential PRAP cases. PRAP was defined as reintubation
occurring within 2 h following planned extubation. All
potential PRAP cases were reviewed by anesthesiologists
to exclude patients who were intubated before surgery,
remained intubated postoperatively, had tracheostomies,
or experienced accidental extubation. For the control
group, patients who underwent postoperative extubation
without reintubation were included. Cases and controls
were matched at a 1:3 ratio, with controls randomly
selected and time-matched within 2 weeks to minimize
potential bias from temporal changes. Exclusion criteria
for controls were similar to the cases. Anesthesiologists
reviewed electronic medical records for both groups to
collect data on preoperative, intraoperative, and anesthetic-
related risk factors and postoperative outcomes.

Definitions of the variables

Preoperative variables included demographics
(age, sex, and body mass index [BMI]), ASA physical
status'’, comorbidities, and laboratory results. Respiratory
conditions included COPD, asthma, obstructive sleep
apnea, pleural effusion, and current smoking (defined as
active smoking or cessation within 6 weeks before surgery).
Recent pneumonia (within 30 days) and recent upper
respiratory tract infections, characterized by symptoms
such as cough, rhinorrhea, or sore throat within 2 weeks,
were recorded.' Preoperative desaturation was defined as
oxygen saturation < 95% on room air."” Cardiovascular

20

conditions included congestive heart failure (CHF)*’ and
myocardial infarction (MI).” Renal diseases encompass
chronickidney disease (CKD) and end-stage renal disease.*
Central nervous system disorders included dementia,
neuromuscular diseases, and altered consciousness
(Glasgow Coma Score < 15). Hepatic disorders included

ascites and cirrhosis. Systemic inflammatory response

...................................... Original Article SM]

syndrome (SIRS), sepsis, and septic shock were noted.”
Hematologic risk factors included bleeding disorders and
recent blood transfusions (within 72 h before surgery).
Laboratory parameters included preoperative serum
creatinine, creatinine clearance, hemoglobin, white blood
cell (WBC) count, and serum albumin levels. Elevated
WBC or leukocytosis was classified when WBC count
was 2 11,000 cells/pL.*

Operative variables included emergency surgery,
operative duration, and surgical type (head and neck,
airway, thoracic, cardiac, vascular, abdominal, orthopedic,
neurosurgical, urological, and obstetric/gynecologic).

Anesthetic variables included the type and dosage
of the last neuromuscular blocking agent (NMBA)
and opioid, the reversal agent used, and the intervals
between the last administration of NMBA or opioid and
reversal. At our institution, atracurium, cisatracurium,
and rocuronium are the primary NMBAs, with a typical
clinical duration of 30-45 minutes.” Since neuromuscular
blockade monitoring is not routinely used, reversal agents
are administered based on clinical signs of recovery and
the elapsed time since the last NMBA dose. For this
study, early reversal was defined as the administration
of a reversal agent within 45 minutes of the last NMBA
dose.”®” We recognize that multiple factors, such as
dose, duration, and renal clearance, influence the clinical
duration of opioids, which in turn affect postoperative
respiratory function and the risk of PRAP. To standardize
our analysis, we applied a 45-minute cutoff for the last
opioid dose before NMBA reversal.”” Although this
approach does not account for individual pharmacokinetic
and pharmacodynamic variations, it provides a consistent
reference for evaluating potential associations between
opioid administration timing and PRAP.

Postoperative outcomes included 30-day mortality,
cardiac arrest, hospital length of stay, intensive care unit
(ICU) length of stay, and postoperative complications, such
as pulmonary complications (pneumonia*, mechanical
ventilation > 48 h, and tracheostomy), cardiac complications
(MI”” and CHF”), renal complications (acute renal failure™
and urinary tract infection’'), neurologic complications
(cerebrovascular accidents), thromboembolic events (deep
vein thrombosis and pulmonary embolism), infections
(wound infections™, SIRS, sepsis, and septic shock™),
and blood transfusions.

26,

Sample size calculation

The primary outcome of PRAP incidence was used
for sample size calculation. Based on a reported PRAP
incidence of 0.14%’ and using a two-sided significance
level of 0.05 (type I error) and 90% power (type II error
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= 10%), the minimum required sample size was 65,640
patients. An additional 10% was included to account for
data loss.

For risk factor analysis, the sample size followed the
rule of 10 events per variable. Based on seven previously
identified risk factors,”** the case group required at
least 70 cases. Using a 3:1 control-to-case ratio, the final
sample comprised 70 cases and 210 controls.

Statistical analysis

Patients were divided into PRAP and control groups.
Continuous variables were presented as mean + standard
deviation or median (interquartile range [IQR]), depending
on the data distribution, while categorical variables were
reported as frequency (percentage). The Shapiro-Wilk
test was used to assess the normality of continuous
data. Univariable analysis was conducted to compare
preoperative, intraoperative, anesthetic, and outcome
variables. Continuous variables were compared using the
Student’s t test or Mann-Whitney U test depending on
the distribution of data, while categorical variables were
analyzed using the chi-square test or Fisher’s exact test.
Univariable logistic regression was conducted to estimate
odds ratios for each variable. Pairwise exclusion was applied,
whereby cases with missing data for a given variable were
excluded only from the analysis of that specific variable.
Variables with p values < 0.1 in univariable analysis were
included in a stepwise backward multivariable logistic
regression model to identify independent risk factors

for PRAP. Collinearity was assessed using Variance
Inflation Factor (VIF) and a correlation matrix, and only
non-collinear variables were included in the model. A
P value <0.05 was considered statistically significant. Data
analysis was performed using Stata® statistics version 14
(StataCorp, College Station, Texas, USA).

RESULTS

Among 139,103 patients undergoing general anesthesia
with endotracheal intubation at Siriraj Hospital between
January 1, 2014, and August 24, 2022, 88 PRAP cases
were identified, yielding an incidence rate of 0.06% (95%
Confidence Interval [CI], 0.05-0.08). The control group
comprised 264 randomly selected patients without PRAP.
Fig 1 illustrates the study flow.

Univariable analysis revealed several preoperative
risk factors for PRAP, including ASA physical status
> III, recent pneumonia, desaturation, CKD, altered
consciousness, neuromuscular disease, cirrhosis, SIRS/
sepsis, recent blood transfusions, creatinine clearance
<60 mL/min, hemoglobin < 12 g/dL,and WBC > 11,000
cells/uL (Table 1). Intraoperative risk factors included
emergency surgery, cardiovascular/thoracic surgery,
neurosurgery, use of steroidal NMBAs, and time from
last opioid administration to reversal < 45 min (Table 2).
Multivariable analysis identified ASA physical status
> [II, COPD, creatinine clearance < 60 mL/min, and
hemoglobin < 12 g/dL as independent risk factors for
PRAP (Table 3).

Patients aged > 18 yr undergoing general anesthesia
with endotracheal intubation

(n=139,103)

|

(n=132)

Patients with postoperative
reintubation

Excluded (n=44):

- Reintubation at > 2 hours after
planned extubation (n=26)

- Planned remained intubation
after surgery (n=17)

- Accidental extubation (n=1)

4

Y

(n=88)

Postoperative reintubation
after planned extubation

Time - matched control

(n=264)

Fig 1. Study flow diagram.
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TABLE 1. Univariate analysis of preoperative risk factors associated with postoperative reintubation after planned
extubation (n = 352).

Variables PRAP Control Crude OR (95% CI) P-value
(n=88) (n=264)

Demographic data
Age, year, mean + SD 62 + 16 55+ 19 - 0.003

<65, n (%) 49 (565.7%) 184 (69.7%) Reference

265, n (%) 39 (44.3%) 80 (30.3%) 1.83 (1.11-3.01) 0.017
Gender (male), n (%) 46 (52.3%) 107 (40.5%) 1.61 (0.99-2.61) 0.055
ASA, n (%)

-1 38 (43.2%) 193 (73.1%) Reference

2l 50 (56.8%) 71 (26.9%) 3.58 (2.17-5.91) <0.001
BMI, kg/m?, mean + SD 235+5.2 23.6+5.1 1.00 (0.95-1.04) 0.851
Comorbidities, n (%)
COPD 4 (4.5%) 3 (1.1%) 4.14 (0.91-18.89) 0.066
Asthma 4 (4.5%) 4 (1.5%) 3.10 (0.75-12.65) 0.116
OSA 1(1.1%) 9 (3.4%) 0.33 (0.04-2.61) 0.291
Pleural effusion 8 (9.1%) 1(0.4%) 26.30 (3.24-213.46) 0.002
Recent pneumonia 5(5.7%) 1(0.4%) 15.84 (1.83-137.54) 0.012
URI 2 (2.3%) 4 (1.5%) 1.51 (0.27-8.40) 0.637
Desaturation 8(9.1%) 3 (1.1%) 8.70 (2.25-33.57) 0.002
Smoker 7 (8.0%) 8 (3.0%) 2.77 (0.97-7.86) 0.056
CHF 2 (2.3%) 4 (1.5%) 1.51 (0.27-8.40) 0.637
Ml 6 (6.8%) 22 (8.3%) 0.8 (0.32-2.05) 0.650
CKD 14 (15.9%) 9 (3.4%) 5.36 (2.23-12.88) <0.001
ESRD 4 (4.5%) 6 (2.3%) 2.05 (0.56-7.43) 0.276
Dementia 4 (4.5%) 4 (1.5%) 3.1 (0.76-12.65) 0.116
GCS <15 10 (11.4%) 1(0.4%) 33.72 (4.25-267.5) 0.001
Neuromuscular disease 4 (4.5%) 1(0.4%) 12.52 (1.38-113.6) 0.025
Cirrhosis 6 (6.8%) 4 (1.5%) 4.76 (1.31-17.27) 0.018
Ascites 2 (2.3%) 1(0.4%) 6.12 (0.55-68.29) 0.141
SIRS/Sepsis 17 (19.3%) 16 (6.1%) 3.71 (1.79-7.72) <0.001
Septic shock 1(1.1%) 2 (0.8%) 1.51 (0.13-16.8) 0.740
Recent blood transfusion 12 (13.6%) 15 (5.7%) 2.62 (1.18-5.84) 0.018
Laboratory values, n (%)
Creatinine clearance (mL/min)

> 60 47 (563.4%) 182 (68.9%) Reference

<60 41 (46.6%) 70 (26.5%) 2.27 (1.37-3.74) 0.001

No test 0 (0.0%) 12 (4.5%)

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 77, No.10: 2025 Siriraj Medical Journal 699



Nimpunyakampong et al.

TABLE 1. Univariate analysis of preoperative risk factors associated with postoperative reintubation after planned
extubation (n = 352). (Continue)

Variables PRAP Control Crude OR (95% CI) P-value
(n=88) (n=264)

Hemoglobin (g/dL)
>12 42 (47.7%) 165 (62.5%) Reference
<12 46 (52.3%) 96 (36.4%) 1.67 (1.05-2.66) 0.031
No test 0 (0.0%) 3(1.1%)

WBC count (cells/uL)
< 11,000 63 (71.6%) 216 (81.8%) Reference
> 11,000 25 (28.4%) 45 (17.0%) 1.9 (1.08-3.35) 0.025
No test 0 (0.0%) 3 (1.1%)

Serum albumin (g/dL)
>4 15 (17.0%) 28 (10.6%) Reference
<4 51 (58.0%) 56 (21.2%) 1.7 (0.82-3.54) 0.156
No test 22 (25.0%) 180 (68.2%)

P values < 0.05 indicate the statistical significance of the crude odds ratios.
Abbreviations: 95% CI, 95% Confidence Interval; ASA, ASA physical status; BMI, body mass index; CHF, congestive heart failure; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; GCS, Glasgow Coma Scale; MI,

myocardial infarction; OR, odds ratio; OSA, obstructive sleep apnea; PRAP, postoperative reintubation after planned extubation; SIRS,

systemic inflammatory response syndrome; URI, upper respiratory tract infection; WBC, white blood cell.

TABLE 2. Univariate analysis of operative and anesthetic risk factors associated with postoperative reintubation

after planned extubation (n = 352).

Variables

Type of surgery, n (%)
Head and Neck

Airway

Cardiothoracic
Vascular
Abdominal
Orthopedic
Neurologic

Urological

Obstetric and gynecologic

Others

PRAP
(n=88)

12 (13.6%)
0 (0.0%)
10 (11.4%)
2 (2.3%)
12 (13.6%)
8 (9.1%)
15 (17.0%)
8 (9.1%)
3 (3.4%)
18 (20.5%)

Control

(n=264)

33 (12.5%)
22 (8.3%)
6 (2.3%)

3 (1.1%)

41 (15.5%)
36 (13.6%)
11 (4.2%)
18 (6.8%)
25 (9.5%)
69 (26.1%)

Crude OR (95% CI)

Reference

NAt

4.58 (1.37-15.35)
1.83 (0.27-12.35)
0.8 (0.32-2.02)
0.61 (0.22-1.68)
3.75 (1.35-10.41)
1.22 (0.42-3.54)
0.33 (0.08-1.3)
0.72 (0.31-1.66)

P-value

0.014
0.533
0.645
0.340
0.011
0.711
0.112
0.438
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TABLE 2. Univariate analysis of operative and anesthetic risk factors associated with postoperative reintubation

after planned extubation (n = 352). (Continue)

Variables

Emergency surgery, n (%)
Duration of operation, n (%)
<1 hour
1-3 hours

> 3 hours

Last NMBA, n (%)
None/Succinylcholine
Benzylisoquinoline (Atra/Cis)
Steroidal (Roc/Pan/Vec)

Last opioid, n (%)

No opioid
Fentanyl
Morphine

Meperidine

Time from last NMBA administration to reversal, n (%)

No reversal
<45 mins
=45 mins

Missing

Time from last opioid administration to reversal, n (%)

No reversal
<45 mins
> 45 mins

Missing

PRAP
(n=88)

24 (27.3%)

30 (34.1%)
41 (46.6%)
17 (19.3%)

3 (3.4%)
71 (80.7%)
14 (15.9%)

1(1.1%)
65 (73.9%)
19 (21.6%)
3 (3.4%)

37 (42.0%)
46 (52.3%)
5 (5.7%)
0 (0.0%)

18 (20.7%)
64 (73.6%)
5 (5.7%)
0 (0.0%)

Control

(n=264)

46 (17.4%)

81 (30.7%)
133 (50.4%)
50 (18.9%)

12 (4.5%)
246 (93.2%)
6 (2.3%)

1(0.4%)
147 (55.7%)
114 (43.2%)
2 (0.8%)

114 (43.2%)
130 (49.2%)
15 (5.7%)

5 (1.9%)

93 (35.4%)
150 (57.0%)
15 (5.7%)

5 (1.9%)

P values < 0.05 indicate the statistical significance of the crude odds ratios.

t The odds ratio could not be calculated because no event occurred in the PRAP group.

Crude OR (95% CI) P-value
1.78 (0.05-1.01) 0.047
Reference

0.83 (0.48-1.44) 0.510
0.92 (0.24-0.56) 0.808
Reference

1.15 (0.32—4.2) 0.828
9.33 (1.91-45.58) 0.006
Reference

0.44 (0.03-7.18) 0.566
0.17 (0.01-2.78) 0.212
1.5 (0.06—40.63) 0.560
Reference

1.09 (0.66-1.80) 0.735
1.03 (0.35-3.02) 0.961
Reference

2.20 (1.23-3.95) 0.008
1.72 (0.56-5.34) 0.346

Abbreviations: 95% CI, 95% Confidence Interval; Atra, atracurium; Cis, cisatracurium; NMBA, neuromuscular blocking agent; OR, odds

ratio; Pan, pancuronium; PRAP, postoperative reintubation after planned extubation; Roc, rocuronium; Vec, vecuronium.

Patients with PRAP experienced significantly longer
hospital and ICU stays, higher mortality rates, and an
increased incidence of cardiac arrest. Additionally, PRAP
was associated with a greater frequency of postoperative

complications and blood transfusions. Detailed comparisons
of postoperative outcomes between the PRAP and control
groups are presented in Table 4.
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TABLE 3. Final multivariable regression model showing risk factors associated with postoperative reintubation
after planned extubation.

Variables Adjusted OR (95% ClI) P value
ASA 2 Il 2.72 (1.58-4.66) <0.001
COPD 18.73 (1.60-219.22) 0.020
Creatinine clearance < 60 mL/min 3.38 (2.16-5.3) <0.001
Hemoglobin < 12 g/dL 1.76 (1.02-3.01) 0.041

P values < 0.05 indicate the statistical significance of the adjusted odds ratios.
Abbreviations: ASA, ASA physical status; COPD, chronic obstructive pulmonary disease; OR, odds ratio; PRAP, postoperative reintubation
after planned extubation; WBC, white blood cell.

TABLE 4. Postoperative outcomes of the PRAP and the control groups (n = 352).

Postoperative outcomes PRAP Control P-value
(n = 88) (n = 264)

Length of hospital stay, day, median [IQR] 12.5[7.5-22.0] 5.0 [3.0-10.0] <0.001

Length of ICU stay, day, median [IQR] 3.0[0.0-6.0] 0.0 [0.0-0.0] <0.001

30-day mortality, n (%) 7 (8.0%) 4 (1.5%) 0.007

Cardiac arrest, n (%) 10 (11.4%) 3 (1.1%) <0.001

Blood transfusion, n (%) 38 (43.2%) 36 (13.6%) <0.001

Pulmonary complications, n (%)

Pneumonia 12 (13.6%) 7 (2.7%) <0.001

On ventilator > 48 hour 38 (43.2%) 6 (2.3%) <0.001

Tracheostomy 5 (5.7%) 0 (0.0%) <0.001

Cardiac complications, n (%)

Myocardial infarction 2 (2.3%) 2 (0.8%) 0.261

Heart failure 6 (6.8%) 0 (0.0%) <0.001

Renal complications, n (%)

Acute renal failure 17 (19.3%) 10 (3.8%) <0.001

Urinary tract infection 10 (11.4%) 9 (3.4%) 0.011

Neurological complications, n (%)

Cerebrovascular accident 4 (4.5%) 2 (0.8%) 0.036

Thromboembolic complications, n (%)

Deep vein thrombosis 1(1.1%) 1(0.4%) 0.438

Pulmonary embolism 1(1.1%) 1(0.4%) 0.438

Infectious complications, n (%)

Wound infection 1(1.1%) 13 (4.9%) 0.204

SIRS/Sepsis 23 (26.1%) 20 (7.6%) <0.001

Septic shock 13 (14.8%) 7 (2.7%) <0.001

P values < 0.05 indicate the significance of the difference between the PRAP and control groups.

Abbreviations: ICU, intensive care unit; IQR, interquartile range; OR, odds ratio; PRAP, postoperative reintubation after planned extubation;
SIRS, systemic inflammatory response syndrome. Postoperative outcomes were expressed as frequency (percentage) unless otherwise
specified.
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DISCUSSION

This study identified an incidence of PRAP 0f 0.06 %
at Siriraj Hospital. Independent risk factors for PRAP
included ASA physical status > III, COPD, preoperative
creatinine clearance < 60 mL/min, and hemoglobin < 12
g/dL. Furthermore, PRAP was significantly correlated
with increased postoperative morbidity and mortality.

The observed PRAP incidence aligns with some
previous studies™®''; however, it was lower than rates
reported in Thailand two decades ago.”'"” This reduction
may reflect advancements in identifying patients requiring
postoperative airway protection or positive pressure
ventilation, leading to increased rates of postoperative
intubation in high-risk cases. Changes in anesthetic
practices, such as the greater adoption of short-acting
anesthetic agents and neuromuscular blockade monitoring,
likely contributed to this trend.”*”” Improvements in
surgical techniques may also be relevant; notably, none
of the PRAP patients in this study underwent airway
surgery, a procedure traditionally linked to higher risks
of airway obstruction during extubation.”

Our findings differ from those of a previous study on
patients undergoing elective intracranial surgery, which
reported a higher incidence of PRAP.* This discrepancy
may be explained by the high prevalence of consciousness
disturbances in that patient population. Similarly, a
prior study on orthotopic liver transplantation reported
a significantly higher PRAP incidence than observed
in our study.’ This difference could be attributed to the
inclusion of all reintubations occurring throughout the
postoperative hospitalization period in the earlier study,
thereby capturing PRAP cases related to later surgical
and medical complications. Additionally, the higher
PRAP incidence in liver transplant patients may reflect
their greater burden of comorbidities and the increased
surgical complexity associated with the procedure.

Our findings revealed that preoperative risk factors
were the sole contributors to PRAP. ASA physical status
> IIT emerged as an independent risk factor, aligning with
previous studies."” The ASA physical status classification
system is a widely recognized tool for assessing preoperative
comorbidities and has been shown to correlate with
postoperative morbidity and mortality.” Despite its
subjective nature and lack of surgical specificity, the
ASA classification system remains valuable in predicting
PRAP.”

COPD was also identified as a significant risk factor
for PRAP. COPD is a chronic respiratory condition
characterized by excessive mucus production and airway
hyper-reactivity, which can result in postoperative airway
obstruction, thus necessitating reintubation. * Notably, COPD

36

...................................... Original Article SM]

isincluded under ASA physical status III."” Preoperative
optimization strategies, such as bronchodilator and
corticosteroid use and addressing modifiable factors like
recent exacerbations, may reduce this risk.” Intraoperative
management, including avoiding bronchospasm-inducing
drugs and favoring bronchodilators, also mitigates risk.”
Regional anesthesia can be considered for some procedures
to minimize airway manipulation and the associated
risks of endotracheal intubation.”

Preoperative low creatinine clearance and anemia
were additional independent risk factors for PRAP,
consistent with prior findings."*' Impaired renal
functions may alter drug metabolism, leading to the
accumulation of renally excreted anesthetic agents, such
as morphine and meperidine, thereby prolonging their
effects.”” Although a creatinine clearance < 60 mL/min
is classified as early-stage CKD, it significantly increased
PRAP risk in this study.”” Anemia, by reducing oxygen
delivery, can lead to hypoxemia and respiratory failure,
necessitating reintubation and mechanical ventilation.”
Given the high prevalence of preoperative anemia and
its association with adverse outcomes," identifying and
addressing anemia preoperatively is essential.

Conversely, intraoperative and anesthetic factors were
not significantly associated with PRAP in our multivariable
regression model. Procedures such as airway, head and
neck, and thoracic surgeries—previously identified as
significant PRAP risk factors®’—were not significant in
this study. This discrepancy may reflect the high quality
of surgical and anesthetic practices at our institution,
delivered at our high-volume, tertiary care university
hospital by experienced providers. Effective perioperative
communication, multidisciplinary collaboration, and the
adoption of a lower threshold for delaying extubation
in high-risk patients may have contributed to this
finding. Additionally, the use of steroidal NMBAs was
not associated with PRAP, in contrast to findings from
previous studies,” " likely due to their infrequent use at
our facility (5.7% of total study participants). Residual
neuromuscular blockade is recognized as a contributor
to postoperative reintubation.”” However, neuromuscular
monitoring was not routinely implemented at our institution;
therefore, we lacked objective data on the degree of
neuromuscular recovery before extubation. To address
this limitation, we used the early reversal as a proxy
indicator. This approach was based on prior literature
suggesting that premature administration of reversal
agents may reduce their predictability, potentially leading
to residual blockade.” In our analysis, this timing variable
was not significantly associated with PRAP. However, we
acknowledge the limitation of using timing alone, as it
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does not account for interindividual variability in drug
metabolism and sensitivity, nor does it reflect whether
adequate neuromuscular function was achieved prior
to extubation.

The negative postoperative outcomes linked to PRAP,
including higher mortality and increased postoperative
complications, align with existing literature."* Endotracheal
intubation increases the risk of hemodynamic instability
such as hypertension and pulmonary complications such
as hypoxia."* Additionally, reintubation presents a greater
risk of difficult airway management and airway injury, as
patients may develop airway edema due to prior intubation,
intraoperative fluid resuscitation, or prolonged surgical
positioning, such as the prone position.””" These risks
underscore the need for effective perioperative strategies
to prevent PRAP."” Identifying high-risk patients along
with addressing modifiable risk factors may help reduce
PRAP incidence. In selected cases, delaying extubation
to allow for hemodynamic stabilization or respiratory
weaning may be a safer alternative.””' However, the
interpretation of these results should be approached
with caution, as critical confounding factors—such as
patient age, comorbidities, and surgical type—were
not adjusted for in this analysis. Older age, a higher
prevalence of comorbidities, and differences in surgical
procedures may also contribute to the observed variations
in postoperative outcomes between the PRAP and the
control group.

Strengths and limitations

This study has notable strengths. First, it included
patients undergoing diverse surgical procedures, enhancing
the generalizability of the findings. Comprehensive
data on preoperative, intraoperative, and anesthetic
risk factors were collected, and time-matched control
selection minimized potential biases arising from temporal
changes in clinical practices. The use of multivariable
regression analysis strengthened the reliability of the
results. Additionally, the study evaluated postoperative
outcomes associated with PRAP, providing a complete
picture of the perioperative trajectory. Our findings
confirm the significance of preoperative factors on the
occurrence of PRAP, thus underscoring the importance of
preoperative optimization, such as the optimal control of
COPD and the correction of preoperative anemia. Future
research is warranted to determine the effectiveness and
magnitude of these strategies in reducing PRAP incidence
and improving postoperative outcomes. Moreover, the
identified risk factors can help perioperative healthcare
professionals assess the necessity of delayed extubation
in high-risk patients.

However, the study also has limitations. First, some
preoperative laboratory test data were missing, particularly
for younger and healthier patients, which may have
introduced bias.”” Second, the clinical indications for
reintubation were not explored, limiting the understanding
and the critical assessment of the decision-making process
underlying reintubation. Thirdly, the absence of routine
neuromuscular monitoring in our institution limited
the ability to objectively assess residual neuromuscular
blockade, which could be a contributing factor to PRAP.
Lastly, the retrospective study design precludes causal
inferences, and the findings should therefore be interpreted
with caution.

CONCLUSION

The incidence of PRAP in this study was 0.06%.
Independent risk factors for PRAP included ASA physical
status > III, COPD, creatinine clearance < 60 mL/min, and
hemoglobin < 12 g/dL. PRAP was significantly associated
with adverse postoperative outcomes, underscoring the
need for preventive strategies and careful perioperative
management.
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ABSTRACT

Objective: To compare the efficacy and safety of early post-ICU admission colloid resuscitation with 5% albumin
versus 4% gelatin after 30 ml/kg crystalloid solution in septic shock patients upon general surgical ICU admission
at Thailand’s largest tertiary reference center.

Materials and Methods: This retrospective study included 125 adults with septic shock admitted to the ICU
(September 2017-July 2018). After 30 mL/kg crystalloid, patients received 20 mL/kg of either 4% gelatin (Group
G) or 5% albumin (Group A) if fluid responsive. The main efficacy was time to vasopressor discontinuation, and
the main safety outcome was the incidence of acute kidney injury (AKI) per KDIGO criteria, within 72 hours of
ICU admission. Other safety endpoints included allergic reactions, the need for renal replacement therapy (RRT),
and 90-day mortality.

Results: Of 125 patients, 62 received gelatin and 63 albumin. Despite being older, having more severe baseline
illness, higher proportion undergoing surgical drainage prior to ICU admission, and a greater incidence of intra-
abdominal infections, Group A achieved faster vasopressor discontinuation (48 vs. 60 h; p=0.049), required less
hydrocortisone (p=0.01), had lower SOFA-II scores (p=0.03), and higher serum albumin (p=0.03). In patients with
hypoalbuminemia (<2.5 g/dL) or anemia (<9 g/dL), Group G was associated with higher AKI and RRT rates (p<0.05).
No allergic reactions occurred, and ICU stay, hospital stay, and 90-day mortality were not different.

Conclusion: Early 4% gelatin was associated with slower shock reversal and higher AKI risk compared with 5%
albumin in critically ill surgical patients, while hospital stay and 90-day mortality were not different.

Keywords: Early Colloid Resuscitation; 5% Albumin; 4% Gelatin; 30 mL/kg Crystalloid Solution; Surgical Septic

Shock (Siriraj Med ] 2025; 77: 707-715)

INTRODUCTION

Septic shock is the main etiology of mortality among
critically ill surgical patients undergoing noncardiac
procedures. This condition is characterized by peripheral
vasodilation, vasoplegia, and hypovolemia. Fluid resuscitation
is a principal intervention for septic shock."” Delayed or
inadequate fluid therapy can result in severe microvascular
alterations, heightened expression of pro-inflammatory
mediators, and profound mitochondrial dysfunction,
particularly within the first 3 hours of treatment.” In
contrast, excessive fluid administration leading to a
positive fluid balance has been correlated with poor
outcomes.™

Human albumin solution is generally regarded
as a safe colloid with multiple physiological benefits.”
It tends to remain in circulation despite capillary leak
during septic shock®, making it a promising option for
rescue after substantial crystalloid resuscitation. External
albumin replacement, targeted to keep a serum albumin
level of 3.0 mg/dL in patients with septic shock, has been
shown to lower 90-day mortality, decrease daily net fluid
balance, and reduce organ dysfunction.” However, its role
in early septic shock resuscitation remains uncertain,
especially concerning shock reversal time and mortality
in surgical septic shock patients who often experience
greater fluid losses.

A 4% gelatin solution, a synthetic colloid, offers a
more cost-effective resuscitation fluid compared with
albumin-based solutions and has been used for septic
shock. Although it possesses a lower molecular weight,
it carries a higher incidence of anaphylaxis, and some
studies showed a higher likelihood of developing acute
kidney injury (AKI).”"” Given the limited data on the
safety and efficacy of gelatin in septic shock patients, it
is still uncertain whether this solution should be advised
for surgical patients with this condition.

The purpose of this study was to evaluate the
effectiveness and safety of 5% albumin (Group A) compared
with 4% gelatin (Group G) for early colloid resuscitation
following 30 ml/kg of crystalloid resuscitation in septic
shock patients upon admission to the general surgical
intensive care unit (SICU). The main efficacy was time
to vasopressor discontinuation, and the main safety
outcome was the incidence of acute kidney injury (AKI)
per KDIGO criteria, within 72 hours of ICU admission.
Other safety endpoints included allergic reactions, the
need for renal replacement therapy (RRT) and 90-day
mortality.

MATERIALS AND METHODS
Study design and participants
This retrospective study, approved by the Siriraj
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Ethics Committee (COA no. Si 500/2017), involved 125
consecutive surgical patients over 18 years old diagnosed
with septic shock upon admission to the general surgical
ICU. (ICU Siamitra and ICU Salad-Sumang, Department
of Anesthesiology, Siriraj Hospital, Mahidol University,
Bangkok, Thailand; Thailand’s largest national tertiary
referral center from September 2017 to July 2018. All
patients obtained blood cultures and cultures from
infection sites and received appropriate antibiotics. Each
patient received an initial fluid resuscitation of 30 mL/
kg of crystalloids before receiving either a 5% albumin
solution (Group A) or a 4% gelatin solution (Group G)
at a dose of 20 mL/kg. Patients were included only if
they remained fluid responsive. The attending physician
managed subsequent fluid administration after the colloid
infusion as per the septic shock protocol practice in our
ICU. Norepinephrine (NE) was the primary vasopressor
used, which was initiated after 30 mL/kg crystalloid if MAP
remained <65 mmHg and titrated to maintain MAP >65
mmHg. Shock reversal time was defined as the duration
(in hours) from NE initiation to discontinuation.

Inclusion and exclusion criteria

Patients were included in this study if they were over
18 years old, diagnosed with septic shock upon general
surgical ICU admission. The exclusion criteria were
patients who underwent cardiothoracic, neurosurgical,
traumatic, or transplant procedures. Additional exclusion
criteria included prior administration of fresh frozen
plasma or other synthetic colloids or received both 5%
albumin and 4% gelatin, chronic kidney disease stage IV
or V, end-stage renal disease, requirement of RRT before
ICU admission, use of hemoperfusion or extracorporeal
membrane oxygenation (ECMO), or an ICU stay shorter
3 days.

Collected data

Baseline data included demographics, comorbidities
(stroke, hypertension, coronary artery disease, chronic
obstructive pulmonary disease, diabetes mellitus,
chronic kidney disease, immunocompromised status,
and cancer), and initial laboratory results (hemoglobin,
serum creatinine, albumin, and lactate levels). The use
of potentially nephrotoxic medications (gentamicin,
vancomycin, amphotericin B, polymyxin, cyclosporine A,
intravenous contrast dye, nonsteroidal anti-inflammatory
drugs, and COX-2 inhibitors) was recorded. Surgical
details (type of procedure) and infection sites were also
documented.

Over the first 3 ICU days, hemoglobin, serum
creatinine, albumin, lactate, and liver function tests were

...................................... Original Article SM]

measured. Fluid administration (including type and
amount), blood or blood component use, total intake
and output, and fluid balance were recorded. The type
and duration of vasopressor or inotropic support were
noted, along with APACHE II and SOFA Il scores. RRT
use, ventilator support, duration of stay in the ICU and
hospital, and all-cause mortality in 28 and 90 days were
likewise collected.

Operational definitions

Septic shock was diagnosed according to the Third
International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3)."" Chronic kidney disease and AKI were
classified based on KDIGO criteria.'*"* Time to reverse
shock was measured in hours, from the initiation of
vasopressors until they were discontinued. Fluid balance
was the total fluid intake minus the total fluid output.

Statistical analysis

According to previous reports, the incidence of
AKI was 69%'’ in 4% gelatin solution and 44% in 5%
albumin solution.'* Based on these data, we calculated a
required sample size of 62 patients per group, presuming
a two-sided type I error of 0.05 and a power of 80%.
For univariate analysis, the chi-square test was used to
assess associations between categorical variables and
the outcome of interest. We reported crude odds ratios
with 95% confidence intervals to show the strength of
these associations. An unpaired t-test was employed for
normally distributed quantitative data, and a Mann-
Whitney test for non-normally distributed data. For
multivariable analysis, we performed an unconditional
multiple logistic regression to assess the independent effect
of each risk factor, adjusting for potential confounders. We
then reported adjusted odds ratios with 95% confidence
intervals, along with the p-value for statistical significance.
All statistical analyses were conducted using IBM SPSS
Statistics, version 21 (IBM Corp, Armonk, NY, USA). A
two-sided p-value of < 0.05 was considered statistically
significant.

RESULTS
Baseline characteristics

We enrolled 63 patients in Group A and 62 patients
in Group G. Demographic data and ICU information
are summarized in Table 1. Group G was significantly
younger and had higher rates of pneumonia as the primary
infection. These patients also demonstrated more frequent
use of hydrocortisone (77.4% vs 57.1%, p=0.01) and
higher SOFA-II scores on day 1 (8.8+3.0 vs 7.7+2.6,
p=0.03). In contrast, Group A had a significantly higher
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TABLE 1. Demographic and baseline characteristics of the patients in the albumin and gelatin groups.

Albumin group (n=63) Gelatin group (n=62) p-value

Age (years) (mean + SD) 68 + 12 57+ 15 <0.01*
Male (n%) 36 (57.1) 32 (51.6) 0.59
Body mass index (kg/m?) (mean + SD) 23.1+£5.2 23.0+4.2 0.94
Diabetes mellitus, n (%) 16 (25.4) 20 (32.3) 0.43
Previous stroke, n (%) 13 (20.6) 4 (6.5) 0.03*
Hypertension, n (%) 32 (51.6) 25 (40.3) 0.28
Coronary artery disease, n (%) 8(12.7) 6 (9.7) 0.78
Chronic obstructive pulmonary disease, n (%) 2(3.2) 2(3.2) 0.98
Chronic kidney disease 14 (22.2) 10 (16.1) 0.49
(eGFR<60 mL/min/1.73 m?), n (%)
Immunocompromised, n (%) 12 (19.0) 18 (29.0) 0.21
Cancer, n (%) 18 (28.6) 12 (19.4) 0.29
Received nephrotoxic drug, n (%) 13 (20.6) 12 (19.4) 0.99
Received radio contrast, n (%) 14 (22.2) 7 (11.3) 0.15
Baseline serum creatinine (mg/dL) 0.91+0.32 0.86 + 0.28 0.43
(in the past 3 months) (mean + SD)
Had an operation for infection drainage 33 (52.4%) 12 (19.4%) <0.01*
before admission to the ICU, n (%)
Source of infection

Intra-abdominal infection, n (%) 33 (52.4) 16 (25.8) 0.03*

Pneumonia, n (%) 9 (14.3) 16 (25.8) 0.02*

Urinary tract infection (n%) 8 (12.7) 10 (16.1) 0.53

Data are presented as the frequency of n (%), mean + standard deviation (SD). * p<0.05 is considered significant.

Abbreviations: Kg, kilogram; m, meter; eGFR, estimated glomerular filtration rate; mg, milligram; dL, deciliter; ICU, Intensive care unit.

rate of underlying stroke and more intra-abdominal
infections. More patients in Group A underwent surgery
for infection source control and required higher volumes
of packed red blood cell transfusions. Additionally, Group
A had a significantly higher average albumin level during
the first 72 hours (2.60 + 0.45 vs 2.35 + 0.53 mg/dL,
p =0.03) (Table 2).

Primary outcome
As shown in Table 3, Group A had a significantly
faster shock reversal time than Group G. The median

time was 48 hours (range 30-84) for Group A versus 60
hours (range 42-99) for Group G (p = 0.049).

Secondary outcomes

No allergic reactions were observed in both groups.
Additionally, no statistically significant differences were
noted between groups in the incidence of AKI, requirement
for RRT, SOFA scores at 72 hours, respiratory support-
free days, duration of stay in the ICU, and all-cause
mortality in 90 days (Table 3).
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TABLE 2. Intensive care unit admission characteristics and clinical parameters in the first 72 hours in albumin

and gelatin groups.

Admitted hemoglobin (g/dL) (mean + SD)
Admitted serum albumin (mg/dL) (mean + SD)

Admitted serum creatinine (mg/dL)

(median [interquartile range])

Average serum albumin (in the first 72 hours)
(mg/dL) (mean = SD)

Average serum lactate (in the first 72 hours) (mg/dL)

(median [interquartile range])
Need ventilator support, n (%)
Received hydrocortisone, n (%)
APCHE Il score day 1 (mean + SD)
SOFA Il score day 1 (mean £ SD)
SOFA Il score day 3 (median [interquartile range])
Fluid balance
Fluid balance day 1 (liter) (mean + SD)
Fluid balance day 2 (liter) (mean £ SD)
Fluid balance day 3 (liter) (mean + SD)
Net fluid in 3 days (liters) (mean + SD)
Transfusion in the first 3 days
Pack red cell (ml) (median [interquartile range])
Fresh frozen plasma (ml) (median [interquartile range])

Platelet (ml) (median [interquartile range])

Data are presented as the frequency of n (%), mean + standard deviation (SD), and median (interquartile range). * p<0.05 is considered

significant.
Abbreviations: g, gram; mg, milligram; dL, deciliter; ml, milliliter

Subgroup analysis

In the subgroup analysis (Table 4), based on admission
serum albumin <2.5, >2.5 mg/dL) revealed that Group
G resulted in a statistically higher percentage of AKI
(KDIGO-1, p=0.046; KDIGO-2, p=0.046; KDIGO-3,
p=0.045) and RRT (p=0.048). Similarly, based on admission
hemoglobin levels, the G group also revealed a statistically

Albumin group (n=63) Gelatin group (n=62) p-value
10.7+24 10.7+25 0.90
26+0.6 25+0.6 0.26
1.5(1.0-2.1) 1.6 (0.9-2.3) 0.89
2.60 £ 0.45 2.35+0.53 0.03*
3.9(29-5.7) 45 (2.75-8.5) 0.41
55 (87.3) 48 (77.4) 0.16
36 (57.1) 48 (77.4) 0.01*
20.6 £6.0 214+6.2 0.31
77+26 8.8+3.0 0.03*
6 (0-18) 6 (0-18) 0.81
5324 52+16 0.65
23117 23+1.9 0.98
1.0 (-2.3-1.87) 2.1(0.4-2.0) 0.28
85+3.7 8.9+3.9 0.56
366 (0 - 849) 254 (0 - 605) 0.07
303 (0 - 933) 438 (0 - 963) 0.90
0 (0-209) 0 (0-257) 0.22

significantly higher percentage of AKI (KDIGO-1, p=0.018)
when compared to those with levels<9 g/dL. Also, Group
G tended to be a predictor of AKI from multivariable
logistic regression analysis for factors independently
associated with acute kidney injury (Table 5). However,
the result did not reach a statistically significant.
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TABLE 3. Primary and secondary outcomes of this study.

Albumin group (n=63) Gelatin group (n=62)  p-value

Shock reversal time (hours) 48 (30-84) 60 (42-99) 0.049*
(median [interquartile range])

AKI within 72 hours, n (%) 31 (49.2) 32 (51.6) 0.78
KDIGO 1, n (%) 10 (15.9) 7 (11.3) 0.45
KDIGO I, n (%) 6 (9.5) 6 (9.7) 0.97
KDIGO llI, n (%) 15 (23.8) 19 (30.6) 0.39
RRT, n (%) 10 (15.9) 13 (21.0) 0.46
RRT free day (days) 28 (15-28) 28 (20.5 - 28) 0.68
(median [interquartile range])

90-day mortality, n (%) 17 (27.0) 17 (27.4) 0.95
SOFA Il score day 3 6(0-18) 6(0-18) 0.81
(median [interquartile range])

Ventilator-free day (days) 20 (0 - 25) 21 (3 - 26.5) 0.17
(median [interquartile range])

ICU length of stay (days) 8(5-13) 7((4-12) 0.11
(median [interquartile range])

Hospital length of stay (days) 15 (10 - 29) 15 (9.7 - 28.2) 0.54

(median [interquartile range])

Data are presented as the frequency of n (%), median [interquartile range]; *p<0.05 is considered significant.

Abbreviations: AKI, acute kidney injury; ICU, intensive care unit; RRT, renal replacement therapy

TABLE 4. Relationship between serum albumin and hemoglobin levels on day-1, and acute kidney injury and
renal replacement therapy in the first 72 hours.

Type n KDIGO-1 p-value KDIGO-2 p-value KDIGO-3 p-value RRT p-value
n (%) n (%) n (%) n (%)

Serum albumin Gr.A 23 9(39.1) 0.046* 6(26.1) 0.046* 4(17.4)  0.045* 4(17.4) 0.048*
d-1<2.5 mg/dL Gr.G 30 20 (66.7) 16 (53.3) 13 (43.3) 10 (33.3)
Serum albumin Gr.A 40 22 (55.0) 0.139 15 (37.5)  0.402 11(27.5) 0.385 6(15.0) 0.548
d-122.5 mg/dL Gr.G 32 12 (37.5) 9(28.1) 6(18.8) 3(9.4)
Hemoglobin Gr.A 15 6 (40.0) 0.018* 5(33.3) 0.200 5(33.3)  0.552 5(33.3) 0.201
d-1<9g/dL Gr.G 16 13 (81.3) 56.3% 43.8% 6(37.5
Hemoglobin Gr.A 48 52.1% 0.295 33.3% 0.882 20.8% 0.548 5(104) 0.158
d-129g/dL GrG 46 41.3% 34.8% 26.1% 7(15.2)

Data are presented as n (%); * p<0.05 is considered significant.
Abbreviations: g, gram; mg, milligram; dL, deciliter; ml, milliliter; Gr. A, albumin group; Gr. G, gelatin group; RRT, Renal Replacement
Therapy; d-1, day one after day of admission in the intensive care unit
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TABLE 5. Multivariable logistic regression analysis for factors independently associated with acute kidney injury.

BMI

APACHE Il day 1

CKD

Amount of fluid/kg
Gelatin

Admitted serum albumin

Average Hemoglobin in the first 72 hours

Adj OR (95% CI) p-value
1.12 (1.02, 1.24) 0.019
1.17 (1.07, 1.28) 0.001
1.64 (0.54, 4.96) 0.379
1.00 (1.00, 1.01) 0.450
1.19 (0.50, 2.81) 0.700
0.69 (0.34, 1.37) 0.284
0.81 (0.60, 1.09) 0.160

Data are presented as adjusted odds ratios with 95% confidence intervals; p<0.05 is considered significant.

Abbreviations: mg, milligram; dL, deciliter; g, gram; adj OR, Gr A, group A; Gr G., group G; adj OR, adjusted odds ratio; BMI, body mass

index; CKD, chronic kidney disease; Hb, hemoglobin; day 1, day after day of admission in the intensive care unit

DISCUSSION

Given the goal of early septic shock resuscitation is to
reduce time to shock reversal, prevent organ dysfunction,
and improve survival, a key challenge lies in identifying
asafe and effective colloid that can minimize reliance on
high-dose crystalloid fluid, particularly in surgical septic
shock patients who typically sustain greater fluid losses.
Gelatin is one of the colloids used for fluid resuscitation;
however, previous studies have suggested a higher risk
of AKI"'’, and data on its safety and efficacy in surgical
septic shock patients remain limited. Despite the study
by Tongyoo S et al., which showed a significantly higher
28-day mortality rate in critically ill medical patients
with refractory septic shock."”

Findings from this study indicate that a 4% gelatin
solution is less effective than a 5% albumin solution.
Patients receiving the gelatin solution had a significantly
longer shock reversal time (60 [42-99] vs 48 [30-84],
p=0.049). This reduced effectiveness may stem from
gelatin’s lower molecular weight of approximately 4,000
Da, in contrast to albumin’s much higher molecular
weight (commonly cited as approximately 66 kDa).
The smaller molecular size of gelatin leads to lower
oncotic pressure and diminished volume expansion.
By comparison, albumin exerts higher oncotic pressure
and appears to remain longer in the circulation during
septic shock. The ALBIOS trial® supports the use of
albumin by demonstrating higher serum albumin levels
in patients receiving exogenous albumin, similar to this
study, where Group A had higher average serum albumin
in the first 72 hours (p=0.03).

9,14

Despite the higher incidence of intra-abdominal
infections and greater need for surgical interventions in the
albumin group, these patients required less hydrocortisone,
had lower SOFA scores on day 1, and showed a trend
toward lower fluid balance by day 3. In addition, the
higher efficacy of 5% albumin was also observed, even
with the lesser use of hydrocortisone compared to the
gelatin solution in this study.

Regarding secondary outcomes, no allergic reactions
were observed in this study. There was no statistically
significant difference in AKI, RRT, or duration of stay in
the ICU and hospital between groups. In the subgroup
analysis (Table 4) based on admission serum albumin
levels (<2.5, 22.5 mg/dL), it was shown that Group G,
who were admitted with serum albumin levels <2.5
mg/dL had a significantly higher percentage of AKI
(KDIGO 1-3) and RRT. Similarly, Group G patients who
were admitted with hemoglobin levels <9 g/dL showed
a significantly higher percentage of AKI (KDIGO-1).
This result was different from Tongyoo S, et al study
that showed more RRT incidence'®, however our result
was analyzed from subgroup analysis and, given the
small sample size in both Group A and Group B, this
result should be interpreted with caution, as it is only
for exploratory analysis. A larger sample size is needed
to confirm this finding. We can use the data to develop
a new multivariable logistic regression analysis model
by adding the admission albumin group (<2.5, 22.5
mg/dL) and the admission hemoglobin group (<9 g/dL,
>9 g/dL), as well as the interaction between Group G and
AKI. This will give a more precise answer about gelatin
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as a predictor of AKI. Unfortunately, the final version
of this data is unavailable.

In septic shock patients with low serum albumin
levels (<2.5 mg/dL), indicating reduced oncotic pressure,
this study found that resuscitation with 4% gelatin was
associated with a significantly higher incidence of AKI
across KDIGO stages 1-3, as well as an increased need for
RRT. Furthermore, patients who developed hemodilution
(hemoglobin <9 g/dL) also showed a significantly higher
incidence of AKI (KDIGO stage 1) when treated with
gelatin. These findings align with previous research
by Bayer et al.", which identified 4% gelatin as a risk
factor for AKI and increased RRT use in septic patients
compared to crystalloids. Similarly, a meta-analysis by
Moeller et al’. reported an association between gelatin
use and AKI, with a risk ratio of 1.35 (95% CI: 0.58-3.14)
in the context of hypovolemia resuscitation. Therefore,
the use of gelatin should be approached with caution
in patients with sepsis and septic shock, particularly
those presenting with hypoalbuminemia or significant
hemodilution.

The results of this study showed that the albumin group
required more packed red blood cell (PRC) transfusions
due to a higher number of surgeries. Nevertheless,
there were no significant differences in the volumes of
transfused fresh frozen plasma (FFP) and platelets when
compared to the 5% albumin solution. Therefore, despite
the presence of surgical septic shock, our study found
that 4% gelatin did not demonstrate any difference in
bleeding complications compared to the 5% albumin
solution.

This study did give significant information of the
lower effectiveness of 4% gelatin as a resuscitation colloid
in addition to crystalloid in surgical septic shock. This
gelatin potentially adds the risk of AKI and the need
for RRT in patients with low serum albumin levels
and hemodilution. This study had several limitations,
including being a retrospective study, a small sample
size, and unbalanced baseline characteristics (Group A
was significantly older, and more patients underwent
operations for infection drainage before admission to
the ICU, and a higher incidence of intraabdominal
infections that led to greater fluid loss).

CONCLUSION

This observational study suggests that early
administration of 4% gelatin is less effective for shock
resuscitation than the 5% albumin solution. Moreover,
4% gelatin is linked to a greater incidence of AKI and
RRT in patients with low oncotic pressure, as well as

a higher incidence of AKI in cases of hemodilution.
No allergic reactions or bleeding complications were
significantly associated with the use of the colloid solutions
studied. A large, randomized controlled trial is needed
to determine the effectiveness and safety of 4% gelatin
in treating surgical septic shock.
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ABSTRACT

Objective: To develop and validate a skills assessment tool for evaluating the workplace performance of student
anesthetist nurses through a psychometric analysis of its reliability and validity.

Materials and Methods: The study was conducted in three sequential phases: Scale Development: A comprehensive
literature review and expert consultations were undertaken to construct the initial assessment items. Content
Validation: Three expert anesthetists reviewed the draft scale for content validity. Psychometric Testing: The final
scale was evaluated using data from 40 student anesthetist nurse assessments in 2023-2024. Recruitment was
conducted in the gynecology surgery rooms.

Results: The finalized workplace-based assessment scale consisted of 24 items spanning three key domains: patient
and equipment preparation, technical skills, and non-technical skills. The psychometric analysis demonstrated strong
internal consistency (Cronbach’s a = 0.93), high inter-rater reliability (The Intraclass Correlation Coefficient (ICC)
= 0.87), and moderate concurrent validity, as evidenced by Pearson’s correlation analysis (r=.511, p<.05, N=40).
Conclusion: The newly developed workplace-based assessment scale exhibits strong psychometric properties,
providing a reliable and comprehensive tool for evaluating the clinical competencies of student anesthetist nurses
in practice settings.

Keywords: Medical education; scale; student anesthetist nurses; workplace-based assessment (Siriraj Med ] 2025;

77:716-724)

INTRODUCTION

Healthcare professionals prioritize patient safety
in their practice. The Ministry of Public Health and the
Institute for Healthcare Quality Accreditation jointly
considered the criteria of the Institute for Healthcare
Improvement (IHI) and the Joint Commission on
Accreditation of Healthcare Organizations (JCAHO) to
select safety issues that are consistent with the Thai context
and to put these ideas into practice for drafting policies
(Patient and Personnel Safety, 2P Safety Goals), with the
primary objective of fostering the potential and safety
consciousness of healthcare personnel. The policy covers
anesthesiology duties, ensuring anesthesia is provided
safely. Training sessions focus on risk management, guided
by the Royal College of Anesthesiologists of Thailand
(RCAT), emphasizing non-technical skills through lectures
and hands-on training for student anesthetist nurses."'

Professional nurses in the anesthesia nurse program
receive comprehensive training focused on patient safety.
They learn cognitive processes, patient monitoring, and
procedural skills under the supervision of anesthesiologists
during training. Over the one-year course, knowledge,
skills, and attitudes are taught and evaluated in theory and
practice. Additionally, the curriculum consists of practical
exams with real-life patients in operating theaters and
simulated crisis scenarios using high-fidelity manikins.
In actuality, intubating patients under general anesthesia
is the responsibility of most student anesthetist nurses
during training. Furthermore, when they graduate as

anesthetist nurses, general anesthesia is the primary
task nurses must complete. Thailand still has a dearth
of anesthesiologists and an increased general anesthesia
workload, with nearly 1 million cases yearly handled
by anesthetist nurses.” Student anesthetist nurses in
our training institute located in Thailand stated their
opinions after taking a practical exam in emergency
general anesthesia situations with obstetric simulated
patients. More than 70 percent did not meet the passing
criteria. This may happen due to real-life training sessions
within the operating room; nursing students do not have
the opportunity to make their own decisions. Routine
work must be performed closely under the supervision
of the anesthesia staff. As a result, nursing students may
not recognize their decision-making abilities. In training,
nursing students also have limited opportunities to
perform general anesthesia on cesarean section patients
due to patient safety concerns. Regarding the primary
obligation of nurse anesthetists in performing intubation,
the process requires vigilance in maintaining airway
patency, preventing aspiration, and preventing gastric
contents from entering the lungs.

This anesthesia technique requires skilled anesthesia
staff to evaluate patients before the procedure, especially
in emergency surgical situations, to prevent complications
and unintended events. Appropriate intubation and
anesthesia administration skills enable a quick recovery
after the procedure, allowing for endotracheal tube
removal.” Therefore, anesthetist nurses play a crucial
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role in patient care and assist doctors during the pre-
anesthesia, intra-anesthesia, and post-anesthesia periods.

Anesthesiology includes teams of anesthesiologists
crucial for delivering anesthesia services, ensuring patient
safety and comfort during procedures. The Nursing
and Midwifery Council’s competency framework for
anesthetist nurses has been collated and summarized
into a list of anesthesia nurse competencies,’ which
include: 1) Preoperative planning; 2) Intraoperative
management and patient monitoring; 3) Anesthesia
nursing practice during the recovery period; 4) Decision-
making during crises; 5) Clinical pharmacology of
drugs used in anesthesia; 6) Airway management in an
unconscious patient; 7) Knowledge management and
using technology and information in evidence-based
practice, and 8) Communicating with the anesthesiologist
or surgeons. Practical tools to assess student anesthetist
nurse competencies in general anesthesia are rare.

Clinical skills are considered the most critical aspect
of patient care.” The assessment of clinical competence
is challenging and complex. There is a trend toward a
competency-based training process that emphasizes
formative assessment over summative assessment.
Workplace-based Assessment (WPBA) scale is an essential
part of the evaluation that involves direct observation of
clinical and non-clinical skills with actual patients in a
particular workplace to provide constructive feedback
for the trainees.® Mini-clinical examination exercise
(mini-CEX) is a form of on-the-job assessment where a
specialist or instructor observes the trainee performing
on-site work with patients. Students are graded on
history taking, physical exam skills, counseling, and
feedback. The mini-CEX has been developed for use
in anesthesia training in many countries.”” Applying
these assessment methods in accordance with the nurse
anesthetist competency framework to student anesthetist
nurses sounds interesting, especially in real practice
settings with actual patients.

Non-technical skills have been utilized in industry
and other agencies for some time. A majority of anesthesia
incidents occur during work. Investigations of adverse
events have shown that up to 80% of cases are caused by
human error factors such as ineffective communication,
inadequate patient supervision, and a failure to inspect
medications and equipment. This is not just a lack of
technical knowledge. The Anesthesiologist Non-Technical
Skills (ANTYS) is a system developed by industrial
psychologists and anesthesiologists, covering topics like
task management, teamwork, situational awareness, and
decision-making. Combining non-technical skills with
medical knowledge and clinical skills supports safe and

effective performance in daily work and emergencies.
ANTS can be observed in good anesthesia practice."” The
performance assessment tools used to guide evaluation
should be clear and transparent. These tools can assess
individual behavior, provide information for the training
process, and constructive feedback on skill development.
Non-clinical skills can be identified through observable
behaviors.

The general anesthesia practical skills assessment
form of the anesthesia nurse training program at Siriraj
Hospital was originally a rubric assessment with four
levels of performance in the workplace. The scores were
weighted according to the importance of the workload
before, during, and after general anesthesia, which lasted
for 6 months. The scores that appear on the form are
complicated in that they must be calculated in terms of
decimal points for each level of the score. The original
form was developed and used for more than 5 years for
formal evaluation. Behavioral observation in real-world
settings has patient context, location, and complexity
variability. The researcher is thus interested in developing
anew form to assess the practical skills of nursing students
in preoperative, intraoperative, and post-anesthesia
evaluation for the ability to perform airway opening and
intubation and incorporate elements of the ANTS System
inassessment. As such, this new form will provide feedback
on both technical and non-technical skills to student
anesthetist nurses, resulting in the daily development of
anesthesia nurse competencies. This study aims to develop
and validate a skills assessment tool for evaluating the
workplace performance of student anesthetist nurses
through a psychometric analysis of its reliability and
validity.

MATERIALS AND METHODS
Setting and design

This is a descriptive cross-sectional study conducted
from July to October 2024. The study population were
student anesthetist nurses, training in the Faculty of
Medicine Siriraj Hospital, Mahidol University, Thailand.

Ethical approval

The study received ethical approval from the Human
Research Ethics Committee of Siriraj Institutional Review
Board (SIRB) at the Faculty of Medicine Siriraj Hospital
Certificate of Approval No. Si 522/2024. It was based on
the Declaration of Helsinki,"' the Belmont Report, the
International Conference on Harmonization in Good
Clinical Practice (ICH-GCP), and the International
Guidelines for Human Research, along with Thai laws
and regulations.
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Sampling criteria

The sample size for a bivariate correlation was
determined using power analysis. The power analysis was
conducted in a software program as G*Power'’, using an
alpha of 0.05, a power of 0.95, and a medium effect size
(0.05); the required sample size was 38. The Faculty of
Medicine at Siriraj Hospital trains 40 anesthetist nurses
each year. This demonstrates the program’s dedication to
maintaining a focused cohort size because of the limited
number of students accepted annually. Therefore, the
researcher determined that the final sample size for this
research would be 40 individuals in the academic year
2023-2024. Recruitment was conducted in the gynecology
surgery rooms. The inclusion criteria of nurse students
and patients were: 1) Being a student anesthetist nurse
at an accredited training center by the Royal College of
Anesthesia of Thailand; 2) Having completed theoretical
and practical training in general anesthesia for patients
over 18; and for patients 3) Gynecologic patients aged
> 18 years with American Society of Anesthesiologists

Step 1: Scale development

* ltem generation .

...................................... Original Article SM]

(ASA) physical status 1-2. The exclusion criteria were: 1)
Student anesthetist nurses without experience or training
in general anesthesia; and for patients 2) Patients with
ASA classification > 3 or those younger than 18.

Data collection

Anesthesia training program chairpersons were
contacted to share the study’s background and gauge their
willingness to participate. Posters were distributed via
student groups for recruitment assistance. After participants
were recruited for additional assessments beyond standard
evaluations, explicit, informed consent was provided for
their participation. All eligible participants had consented
beforehand, understanding they could withdraw at any
time. They were assured of data confidentiality and
anonymity. Valid clinical and non-clinical competency
assessments in authentic practice settings are considered
crucial for student anesthetist nurses. The research was
comprised of three steps, as shown in Fig 1.

Literature review
Previous research

24 draft items

Step 2: Content validation

Expert opinion: A panel of two anesthesiologists .
and one expert in measurement and evaluation -
in education. -

ltem-Objective Congruence (I0C) calculated
18t round
2" round

Drafted scale (24 items)

» Student anesthetist nurses performed general anesthesia to
patients undergoing gynecological surgery with a risk
 Field test 40 student anesthetist nurses assessment score of no more than level 2.
» Two trained raters observed the same student for a duration

of 1 to 4 hours

Final draft scale (24 items)

Step 2: Psychometric testing

» Pearson’s correlation test (n=40)
» Correlated with existing 6-month clinical rotation
« Criterion-related validity competency scores before, during, and after administering

evaluations that utilized standard practical examination

methods
 Reliability * Internal consistency (n=40)
Cronbach's alpha for the scale is >0.70
* Inter-rater reliability » Intraclass correlation coefficients (ICC) >0.80

The workplace-based assessment scale for student anesthetist nurses has 24 items and 3 subscales.

Fig 1. A workplace-based assessment scale for student anesthetist nurses
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Step 1: Scale development

The goal was to create practical assessment tools
to evaluate the student anesthetist nurses’ clinical and
non-technical skills, foster their development, and
enhance the quality of their training. The technical and
non-technical skills items were developed based on
the competency framework for anesthetist nurses as
determined by the Nursing and Midwifery Council of
Thailand and the Anesthetists’ Non-Technical Skills
(ANTS). Subsequently, psychometric tests were performed
to establish the reliability and validity of the scale.

Step 2: Content validation

Specific performance indicators were carefully
formulated, and their congruence with conceptual
definitions was evaluated by two anesthesiologists and
one expert in measurement and evaluation in education
using the Item-Objective Congruence index (IOC).
IOC of < 0.50 were modified.”” This rigorous process
established the content validity of the newly developed
workplace assessment tools. Then, a total of 24 items
were prepared to assess anesthetist nurse competencies
in the workplace with a sample group.

Step 3: Psychometric testing

Psychometric testing involves implementing and
validating these workplace-based assessments. Preliminary
items were scored on a four-point scale, ranging from 1
(fair) to 4 (excellent). The newly developed instruments
underwent field testing to assess the competencies of
student anesthetist nurses who provided general anesthesia
to patients undergoing gynecological surgery with a risk
assessment score of no more than level 2 according to the
American Society of Anesthesiologist guidelines under the
supervision of the attending anesthesiologist throughout
the general anesthesia period, following the standard
procedures for general anesthesia of the Department
of Anesthesiology, Faculty of Medicine Siriraj Hospital,
in the gynecology surgery room, (approximately 2-4
hours). Two trained raters observed the same student
before, during, and after the administration of general

anesthesia. Assessment results from the workplace-based
assessment tools were analyzed against existing 6-month
clinical rotation competency scores before, during, and
after administering evaluations that utilized standard
practical examination methods. This comprehensive
two-phase study provided an evidence-based approach to
developing valid and reliable workplace-based assessment
tools for anesthesia nurse competencies.

Statistical analysis

IBM SPSS statistics, version 29 (IBM Corp, Armonk,
NY, USA) was used to analyze the collected data. The
student demographic data were presented using descriptive
statistics. The criterion-related validity of the new workplace
assessments was analyzed by comparing their results
to those from the established examination process at
a statistical significance level of 0.05, using Pearson’s
correlation coefficient to check validity. Validity coefficient
values above 0.35 were interpreted as very beneficial."*
Additionally, the internal consistency reliability of the
workplace assessment instruments was calculated using
the Cronbach’s alpha coeflicient, and a Cronbach’s a
of > 0.70 was indicated to be acceptable.”” The intra-
class correlation coefficient was calculated as inter-rater
reliability. The student competencies were assessed by
two trained anesthetist nurse raters simultaneously.
Intra-class correlation coeflicients ranging from 0.75
to 1.00 show consistent inter-rater scoring from good
to very good."”

RESULTS
The present study gathered data on students’ age,
sex, and work experience with general anesthesia.

General characteristics of the sample

A total of 40 nurse anesthetist students participated
in the study. Most participants were women (95%); the
mean age was 28.7 + 1.9 years. The average number of
cases experienced in general anesthesia was 142.7 + 10.2
cases, as shown in Table 1.

TABLE 1. Demographic data and details regarding the participants (N=40).

Demographic characteristics
Sex: Female
Age

Number of cases experiences in general anesthesia

Data presented as a number (percentage) or mean + SD

Value
38 (95%)
287+19

142.7 £10.2
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Step 1: Scale development

A comprehensive literature review and expert
consultations were undertaken to construct the initial
assessment items. The new WPBA scale had 24 items
spanning three key domains: patient and equipment
preparation (10 items), technical skills (10 items), and
non-technical skills (4 items). Preliminary items were
scored on a four-point scale, ranging from 1 (fair) to 4
(excellent).

Rating Scale:

Excellent: Demonstrates outstanding behavior and

fully meets expectations.

Good: Shows appropriate behavior with minor

areas for improvement.

Fair: Displays acceptable behavior but with occasional

inconsistencies.

Poor: Exhibits behavior that is below the expected

standard and considered unacceptable.

Responses marked as “N/A” (Not Available) required
evaluation for validity, reliability, and alignment with the
research objectives. In this study, listwise deletion was
applied to remove entire cases containing “N/A” responses
when the rate was below 5-10% and the missingness
appeared to be random. This approach helped maintain
data quality and prevent score inflation."

The Nursing and Midwifery Council’s competency
framework for anesthetist nurses has been collated and
summarized into a list of anesthesia nurse competencies4
and elements of the ANTS System in assessment.’
(Supplementary file 1)

Step 2: Content validation
Three experts reviewed the content validity of the

The new scale

75 Y

7a

...................................... Original Article SM]

scale, and the scale achieved an index of Item-Objective
Congruence (IOC) ranging between 0.67 and 1.0. Two
items did not fulfill the criteria due to unclear content,
so the researcher revised them (I0C<0.5).

Step 3: Psychometric testing

The final scale was evaluated using data from 40
student anesthetist nurse assessments. To further check
the quality of the new scale, we used Pearson’s correlation
coeflicient, and the criterion-related validity of the workplace
scale was investigated against those from the established
examination process with a prior scale at a statistical
significance level of 0.05. The correlation coeflicient
for the new scale compared to the old formal scale was
0.511. (r=0.511, p<0.05, n=40) As shown by Pearson’s
correlation analysis, in Fig 2, moderate concurrent validity
was indicated.

Furthermore, the internal consistency reliability of the
workplace assessment instruments was calculated using the
Cronbach’s alpha coefficient. The psychometric analysis
demonstrated strong internal consistency (Cronbach’s
a=0.93).

The intra-class correlation coefficient was calculated
as inter-rater reliability. Two trained anesthetist nurse
raters assessed student competencies simultaneously—
intra-class correlation coeflicients ranging from 0.75 to
1.00 show consistent inter-rater scoring from good to very
good."” This study, the reliability of scoring consistency
between the two raters, as the Intraclass Correlation
Coefficient (ICC), was calculated for their evaluations at
the 95% confidence level. The type of ICC used includes
the model (2-way mixed effects), type (mean of multiple
raters), and the definition (consistency or agreement). An
ICC (3, 2) where “3” signifies a two-way mixed-effects

70 73 80

83 0 95

The primary scale

Fig 2. Correlation for the new scale and the primary scale scores
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model where raters are considered fixed, and reliability
is assessed based on the mean of multiple two raters
or measurements.'® The new assessment scale has an
average two-way mixed effects model ICC (3,2) value
0f0.93 (0.87 - 0.97), indicating high dependability as in
Table 2.

DISCUSSION

The finalized WPBA scale consisted of 24 items
spanning three key domains: patient and equipment
preparation and technical and non-technical skills. The
psychometric analysis demonstrated strong internal
consistency (Cronbach’s a = 0.93), high inter-rater
reliability (ICC = 0.93), and moderate concurrent validity,
as evidenced by Pearson’s correlation analysis. These
findings affirm the scale’s robustness in reliably assessing
clinical performance.

The development and validation of WPBA scales for
student anesthetist nurses addresses a significant gap in
competency assessment within anesthesia education. This
study contributes to the existing literature by developing
a context-specific assessment tool capturing the unique
competencies required in anesthesia nurse practice. Our
findings provide insights regarding the psychometric
properties of the developed scale, with notable strengths
and limitations.

Validity Evidence: This WPBA scale demonstrates
strong content validity established through expert review
and alignment with professional frameworks. WPBA
instruments should be grounded in professional standards
while remaining sensitive to specific educational contexts."”
Examination of the professional judgment and decision-
making of strength and conditioning coaches’ workplace
assessments evaluates competence dimensions beyond
cognitive knowledge, including contextual judgment
and professional behaviors.”’ This WPBA scale is aimed
at assessing the practical skills of nursing students in
preoperative, intraoperative, and post-anesthesia phases

and incorporates elements of the ANTS System in
assessment. The anesthetist experts reviewed the draft
scale (I0C<0.5) for content validity, and finally, the
Item-Objective Congruence (IOC) was over 0.66. The
criterion-related validity was evidenced by moderate to
strong correlations with existing performance measures,
similar to findings regarding anesthesia technical skills
assessment.”’

The improved framework and updated items of the
new scale are likely to capture additional dimensions,
which may account for the moderate—rather than high—
correlation observed.

The psychometric analysis of the new scale demonstrated
strong internal consistency (Cronbach’s alpha = 0.93), in
line with the results of similar studies; previous studies
reported this amount for the whole instrument in the
range of 0.916 to 0.975.” Similar challenges have been
reported in achieving high reliability when assessing
rarely encountered clinical scenarios.”

The inter-rater reliability of two trained anesthetist
nurses showed high dependability. The high inter-rater
reliability shows that the WPBA scale yields consistent
measurements across various evaluators, which is essential
for establishing the scale’s psychometric properties.
This consistency indicates that the assessment criteria
are clear and objective enough for trained evaluators
to reach similar conclusions when evaluating the same
performance. Delfino AE etal. (2023)** documented similar
challenges in achieving consistent ratings of non-technical
skills. Structured rater training improved ICC values by
approximately 0.12 across domains. Therefore, training
enhances assessment reliability but cannot eliminate
subjective judgment elements.” It is recommended that
other institutions offering training, including those in
Thailand, adopt this approach. Consequently, an appendix
should be appended to the evaluation form utilized,
enabling all individuals who review it to consider its
further application.

TABLE 2. Intraclass Correlation Coefhicient (ICC).

Measures Intraclass Correlation Coefficient: ICC (95% ClI) p
One rater 0.88 (0.77 - 0.94) p< 0.001
Average value from 2 raters 0.93 (0.87 - 0.97) p< 0.001

Two-way random effects model where both people effects and measures effects are random
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Limitation

A primary limitation is the lack of longitudinal
validity evidence demonstrating the scale’s predictive
relationship with post-graduation performance,*
documented correlations between simulation-based
assessments, and subsequent practice. However, the
relationship between WPBA scores and practice outcomes
requires further research.

The initially planned effect size of r = 0.05 was too
small for this study; a more appropriate effect size would
have been in the range of r = 0.30-0.50.” Additionally, a
post-hoc power analysis revealed that, with n = 40 and
an observed effect size of r = 0.511, the study achieved
approximately 99% power (a = 0.05, two-tailed) —well
above the conventional 0.80 threshold. This significant
observed effect suggests a meaningful relationship, despite
the study’s sample size limitations. Future research should
employ larger sample sizes to enhance generalizability
and improve the precision of effect size estimates.

The scale emphasizes observable behaviors but may
not fully capture the cognitive processes underlying
clinical decisions. Incorporating cognitive assessment
methods could improve this. The think-aloud protocols
could enhance clinical reasoning evaluation in future
iterations.” Several assessment domains remain inherently
subjective despite structured rating scales.”

CONCLUSION

The workplace assessment scale for student anesthetist
nurses shows strong psychometric properties in validity
and reliability. Its strengths include content validity,
internal consistency, and educational impact, while
challenges exist in inter-rater reliability for non-technical
skills and feasibility in complex clinical scenarios. Future
refinement should aim at technology integration for
improved assessment efficiency, longitudinal validation for
predictive validity, and adaptation to enhance generalizability
across various contexts.”” These improvements would
boost the effectiveness of workplace assessments in
anesthesia nurse education, ultimately promoting better
patient care through efficient competency evaluation.

Data Availability Statement
Dataset 1. Raw response data of participants to each
item of the new workplace-based assessment scale.
Dataset 2. Raw response data of participants to each
item of the primary workplace-based assessment scale.
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Lidocaine Spray versus Other Forms for Local
Anesthesia in Upper Gastrointestinal Endoscopy:
A Systematic Review and Meta-analysis
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Lidocaine Spray: Better Procedural Ease, Lower Patient Satisfaction in Upper Endoscopy

Evidence from this meta-analysis suggests that using lidocaine spray for pharyngeal local anesthesia in EGD
improves the ease of instrument insertion and shortens procedural time. However, it results in lower patient

satisfaction scores than other forms.
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ABSTRACT

Objective: To evaluate the effectiveness of various lidocaine forms compared to the traditional spray during
esophagogastroduodenoscopy (EGD).

Materials and Methods: We searched PubMed, Scopus, EMBASE, the Cochrane Central Register of Controlled
Trials, CENTRAL, Web of Science Core Collection, World Health Organization, International Clinical Trials
Registry Platform, and ClinicalTrials.gov databases in December 2022. Selection criteria were randomized controlled
trials comparing lidocaine spray with other forms of pharyngeal anesthesia. Outcomes of interest included ease
of instrumentation, participants’ satisfaction scores, tolerance scores, pain, endoscopist’s satisfaction scores, and
procedural time.

Results: We included 13 trials with 3,711 participants. The quality of trials was poor. Lidocaine spray provided better
ease of instrumentation (risk ratio (RR) 1.19, 95% confidence intervals (CI)1.06,1.34; I* = 66%; very low certainty of
evidence), decreased participants’ pain (mean difference (MD) 0.38, 95% CI 0.25,0.5; I* = 92%; very low certainty of
evidence), and shorter procedural time (MD 0.22, 95% CI 0.10,0.35; I* = 13%; low certainty of evidence). However,
spray had lower participants’ highest satisfaction scores (RR 0.83, 95% CI 0.76,0.92; I* = 62%; very low certainty
of evidence), participants’ mean satisfaction scores (MD -0.61, 95% CI -0.29,-0.04; I* = 92%; very low certainty
of evidence), participants’ tolerance scores (RR 0.83, 95% CI 0.71,0.97; I* = 0%; low certainty of evidence), and
endoscopist’s satisfaction scores (MD -0.33, 95% CI -0.45,-0.21; I* = 94%; very low certainty of evidence).
Conclusion: Evidence suggests that lidocaine spray may improve the ease of EGD instrumentation, although
limitations in trial quality warrant cautious interpretation.

Keywords: Anesthesia; esophagogastroduodenoscopy; lidocaine (Siriraj Med J 2025; 77: 725-737)

INTRODUCTION

EGD is a widely used procedure for screening,
diagnosing, and treating upper gastrointestinal diseases.
It can be performed with no sedation, mild sedation, or
moderate/conscious sedation with or without the use of
topical pharyngeal anesthesia.' During the procedure,
an endoscope is inserted through the oral cavity into the
upper gastrointestinal tract, which often causes discomfort
or pain, particularly in patients with a strong gag reflex.”
Sedation during EGD may also lead to adverse events,
including cardiopulmonary complications such as hypoxia,
respiratory depression, hypertension or hypotension,
arrhythmias (tachycardia or bradycardia), pulmonary
edema, cardiovascular collapse, and vasovagal reactions.”’

Topical anesthesia with lidocaine reduces cough,
suppresses the gag reflex, and mitigates overall airway
hyperreactivity. This improves patient compliance
and enhances operator satisfaction during endoscopic
procedures.’ Performing EGD under topical lidocaine,
with or without sedation, decreases adverse events,
reduces the gag reflex, and increases patient comfort,
especially in patients at higher risk of complications,
such as those with cardiopulmonary disease, high ASA
physical status, advanced age, or obesity.””’

Lidocaine spray is a commonly used local anesthetic
for EGD in Thailand due to its convenience and safety.
However, it has some drawbacks, including a bitter

taste and the potential to provoke a gag reflex.” Recent
studies have compared lidocaine spray with alternative
delivery methods, such as gel, viscous solutions, lozenges,
popsicles, and nebulized forms, by evaluating ease of
procedure, pain levels, gag reflex intensity, procedure
duration, patient tolerance, and satisfaction among both
patients and endoscopists.””'* Despite this, no study
has yet comprehensively assessed the effectiveness of
these alternative forms of local anesthesia compared to
conventional topical spray during EGD.

MATERIALS AND METHODS

The protocol was developed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines for reporting
systematic reviews and meta-analyses'”'* as well as the
PRISMA Extension Statement for Systematic Reviews
Incorporating Network Meta-analyses of Health Care

Interventions."

Search strategy

Wesearched the PubMed, Scopus, EMBASE, Cochrane
Central Register of Controlled Trials (CENTRAL), Web
of Science Core Collection, World Health Organization
(WHO) International Clinical Trials Registry Platform
(ICTRP), and ClinicalTrials.gov databases up through 31
December 2022. The search used the following medical
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search terms: ‘gastroscope’ [Mesh] OR ‘gastroenteroscopy’
[Mesh] OR ‘esophagogastroduodenoscopy’ [Mesh] OR
‘upper gastrointestinal scope’ [Mesh] NOT colonoscope
NOT lower; lidocaine spray OR local anesthesia OR
lidocaine nebulizer OR lidocaine solution OR lidocaine.
These terms were combined using AND and were limited
to clinical trials involving human participants. We also
reviewed reference lists from previous meta-analyses
and research for additional relevant studies.

Study selection

Two authors (SO, TC) independently screened
the titles and abstracts of the studies retrieved from
the electronic searches. Full texts were reviewed when
eligibility could not be determined based on the title
and abstract alone. The remaining studies were read in
full by the same authors, whose eligibility was assessed
according to predefined criteria. Disagreements were
resolved through discussion with other authors [SM,
NS]. Duplicated publications were combined into a
single study for analysis.

Inclusion criteria

Randomized controlled trials (RCT's) were eligible if they
involved patients undergoing EGD and compared lidocaine
spray with at least one of the following interventions:
viscous lidocaine solution, lidocaine nebulizer, popsicle,
gel, or lozenge. Studies had to report at least one of the
following outcomes: ease of instrumentation, endoscopist
satisfaction, participant satisfaction, tolerance, pain or
discomfort, or procedural time. Studies were excluded
if they lacked usable data.

Intervention and control groups

Lidocaine blocks sensations in the glossopharyngeal
and superior laryngeal nerves in the upper airway. It is
commonly used for pharyngeal anesthesia prior to EGD.
Lidocaine is available in various forms, including spray,
gel, viscous solution, and lozenges, with spray being the
most frequently used. This study compared the standard
lidocaine spray with other forms, specifically lidocaine
gel, lozenges, nebulized lidocaine, popsicles, and viscous
solutions.

Outcomes

The primary objective was to compare the effectiveness
of conventional lidocaine spray with other forms of
local anesthesia during EGD, without compromising
the success of the endoscopic procedure. The outcomes
assessed in the study included:

...................................... Original Article SM]

Primary outcome:
Ease of procedure (defined as no gag reflex)

Secondary outcomes:
- Participants’ highest satisfaction score
- Participants’ mean satisfaction score (NRS 0-10)
- Participants’ tolerance score
- Participants’ pain or discomfort (NRS 0-10)
- Endoscopist’s satisfaction score (NRS 0-10)
- Procedural time (minutes)

Data extraction

Two independent authors (SO and TC) extracted
data using standardized forms. The extracted data included
study characteristics and interventions, including type of
lidocaine administration, composition and preparation
of lidocaine, and primary outcome. Data on outcomes,
including means, standard deviations (SDs), and frequencies,
were extracted for statistical pooling. When summary
data were unavailable, we used the mean difference
(MD) or risk ratio (RR) for analysis. Any inconsistencies
in data were resolved by consulting a third author. We
contacted corresponding authors twice for missing data,
which were used to explore sources of heterogeneity.

Risk of bias assessment

We assessed the risk of bias using the Cochrane ‘Risk
of Bias’ tool, as described in the Cochrane Handbook
for Systematic Reviews of Interventions. Risks were
classified as high, low, or unclear for the following areas:
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants
and personnel (performance bias), blinding outcome
assessment (detection bias), and incomplete outcome data
(attrition bias). Two independent researchers (TC and
SM) performed the risk assessments, and disagreements
were resolved by discussion with other review authors
(NS, PM).

Dealing with missing data

If data were missing, we contacted the corresponding
author, first author, or coauthor for clarification. If
contact information was unavailable, we attempted to
locate the study group through the internet.

Assessment of heterogeneity

Heterogeneity between studies was assessed using
the I? statistic and the Q test. A value of I >25% or a
significant Q test p<0.10 indicated substantial heterogeneity,
and a random-effects model was applied.'
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Grading evidence

The quality of evidence for each outcome was assessed
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach."”
Evidence was downgraded if there were serious or
very serious concerns in any of the following domains:
limitations in study design, inconsistency of results,
indirectness of evidence, imprecision, or publication
bias. We summarized the findings using GRADE Profiler
3.6, and presented the results and the certainty of the
evidence (high, moderate, low, or very low).”

Statistical analysis

We pooled data directly when at least three studies
were available for each comparison. The Mantel-Haenszel
method (fixed-effects model) was used for the final analysis
of results from the original trials included in the combined
analysis. Relative risks with 95% confidence intervals
(CIs) were estimated for dichotomous outcomes. For
continuous outcomes, we estimated unstandardized or
standardized MDs with 95% Cls, depending on whether
the studies used the same or different measurement
scales, respectively. When a study did not report the
mean and standard deviation (SD), we estimated them
from the median and range or interquartile range.

We performed subgroup or sensitivity analyses
based on factors that could affect heterogeneity. A funnel
plot was used to assess publication bias.

Allanalyses of the intervention’s effect were conducted
on an intention-to-treat basis, using randomized treatment

allocation. Significant differences between treatment
groups were assessed with the log rank test, stratified
by study. Absolute treatment effects and their 95% CIs
were estimated. Differences in baseline data between
trials and treatment groups were tested using the Chi?
test or Student’s t-test, as appropriate.

All analyses were performed using RevMan 5 and
STATA version 16.0 for Mac. A fixed-effects model was
used for meta-analysis if clinical, methodological, or
statistical heterogeneity were lacking. Statistical significance
was defined as p<0.05, except for the heterogeneity test,
where p<0.10 was used. A random-effects model was
applied to determine whether the conclusions differed,
and any differences were noted. A narrative summary was
planned if data pooling was not possible or appropriate.

RESULTS

We identified a total of 722 records through database
searches in January 2023. After duplication and exclusion
of studies with unclear outcome data, 13 RCTs"*!>20%
comprising 3,711 participants were included in the
quantitative synthesis comparing lidocaine spray with
other forms (gel, viscous solutions, lozenges, popsicles,
or nebulized lidocaine) (Fig 1).

Risk of bias in the included studies

There were several significant biases in most of the
included trials (Figs 2 and 3).

Eight trials had adequate random sequence

generation'/"}),ll, 22,23,26-28

s et lueLen ¢k bes seareillng Additional record identified through other sources
2 LS E i) Total (n=98)
o MEDLINE (n=354) CTRP (n =
£ EMBASE (n =256) Wl =)
§ CENTRAL (n =112) Qinical Trials.gov (n=42)
N [ [
Records after duplicates removed Records excluded
) (n =454) (n=215)
I
5 Full-text articles excluded (n=209)
2 Record screened Wrong population (n = 69)
(n=239) Wrong intervention (n = 102)
\ ) Non-randomized (n = 38)
B l
% Full-text articles assessed for Sudies exdluded (n=14)
) eligibility Duplicated protocols (n = 4)
o} (n=30) Same RCTS of other included studies (n =7)
1
Sudiesincluded in qualitative Slkiessliasdln=s)
° synthesis Data of outcome was undlear (n =3)
s (n=16)
E ¥

Sudiesincluded in quantitative synthesis (meta-analysis) (total n =13)
lidocaine gel (n =2) lozenges (n=3), nebulized (n=2), popsicle (n=2) and viscous (n=4)

Fig 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the literature search results.
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Random sequence generation (selection bias) _:I
Allocation concealment (selection bias) _ .
Blinding of participants and personnel (performance bias) _
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Incomplete outcome data (attrition bias) _
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Fig 2. Risk of bias graph.
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Allocation concealment was adequate in only five
trials”'*??***, which used numbered, sealed, opaque
envelopes as the randomization method.

Blinding is crucial to reduce bias in outcome
assessment. Only four trials successfully blinded the
interventions'*”>*"**, while ten trials reported blinding of
clinical assessors.””'»*"**** % No trial reported incomplete
outcome data. However, only five trials published results
for all planned outcomes.”***"*** Most studies were
judged to be at low risk of ‘other’ bias, with the exception
of Mizuno et al.”*

Outcomes

A summary of the findings is presented in Table 1.
Lidocaine spray was associated with greater ease of
instrumentation (risk ratio (RR) 1.19, 95% confidence
interval (CI) 1.06, 1.34; I* = 66%; very low certainty of
evidence) (Fig 4), reduced participant-reported pain or
discomfort (mean difference (MD) 0.38, 95% CI 0.25,
0.5; I* = 92%; very low certainty of evidence) (Fig 5), and
shorter procedural time (MD 0.22, 95% CI 0.10, 0.35;
I*= 13%; low certainty of evidence) (Fig 6).

However, lidocaine spray was associated with lower
participant-reported highest satisfaction scores (RR
0.83, 95% CI 0.76,0.92; I* = 62%; very low certainty of
evidence) (Fig 7), mean satisfaction scores (MD -0.61,95%
CI-0.29, 0.04; I* = 92%; very low certainty of evidence)
(Fig 8), tolerance scores (RR 0.83, 95% CI 0.71,0.97;
I’= 0%; low certainty of evidence) (Fig 9), and satisfaction
scores (MD -0.33,95% CI -0.45, 0.21; I> = 94%; very low
certainty of evidence) (Fig 10).
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TABLE 1. Summary of findings.

Lidocaine spray versus other forms of local anesthesia in EGD.

Patient or population: participants undergoing EGD with pharyngeal local anesthesia
Settings: In Esophagogastroduodenoscopy
Intervention: Lidocaine spray

Comparison: Other forms e.g. lidocaine gel, lozenges, nebulized, popsicle, and viscous

Anticipated absolute effects (95% CI) Relative No. of Certainty of
Outcomes effect participants the evidence Comments
(95%Cl) (Studies) (GRADE)
Risk with others  Risk with spray

Ease of instrument 28 per 100 36 per 100 RR 1.19 2460 (CESESES] No studies could be
(1.06,1.34)  (5RCTs) Very low *+$  blinded participants
due to the types of
anesthetics used
Participants’ - MD 0.38 - 2786 (CESESES) Some studies could be
pain/discomfort (0.25-0.50) (6 RCTs) Very low ¢ +$  blinded participants
due to the types of
anesthetics used
Participants’ 34 per 100 41 per 100 RR0.83 2817 (SESESES] Some studies could be
highest satisfaction (0.76,092) (7 RCTs) Very low ¢+$  blinded participants
score due to the types of

anesthetics used

Participants’ mean - MD -0.16 - 2504 (ESESES) Some studies could be
satisfaction score (-0.29, -0.04) (6 RCTs) Very low *+$§  blinded participants
due to the types of
anesthetics used
Participants’ 22 per 100 27 per 100 RR0.83 1926 (ECESES) No studies could be
tolerance score (0.71-0.97) (2 RCTs) Low ¢+ blinded participants
due to the types of
anesthetics used
Endoscopist's - MD -0.33 - 2301 (SASASNS) Some studies could be
satisfaction score (-0.45, -0.21) (4 RCTs) Very low *+$  blinded participants
due to the types of
anesthetics used
Procedural time - MD 0.22 - 565 A ASNS) Some studies could be
(0.10,0.35) (4 RCTs) Low ¢+ blinded participants
due to the types of

anesthetics used

,20,21,23-26,29 22,24-27,29,30

#® Downgraded one level for risk of bias concerns, as studies did not blind participants”’ , selective reporting” ,

. . 21-27,29 L 20,21,24,25,29
inadequate allocation concealment™ **’ and random sequence generation.””*"**%°

+ Downgraded one level for imprecision owing to wide confidence intervals.

§ Downgraded one level for inconsistency due to true heterogeneity according to I* statistics and P values, confidence interval overlap,

difference in point estimates, and between-study variance.
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Spray Intervention Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.1.0 Viscous solutions
Amornyotin et al. [7] 332 931 252 868 74.8% 1.23 [1.07, 1.41]
Khodadoostan et al. [26] 14 65 17 65 4.9% 0.82 [0.44, 1.53]
Subtotal (95% CI) 996 933 79.7% 1.20 [1.05, 1.37]
Total events 346 269

Heterogeneity: Chi? = 1.53,df = 1 (P = 0.22); I* = 35%
Test for overall effect: Z = 2.75 (P = 0.006)

1.1.1 Neubilizer

Mallik et al. [24] 46 112 46 108 13.4% 0.96 [0.71, 1.32] -+
Noitasaeng et al. [9] 26 54 9 53 2.6% 2.84[1.47,5.47] —
Subtotal (95% CI) 166 161 16.0% 1.27 [0.96, 1.67] »
Total events 72 55

Heterogeneity: Chi® = 8.74, df = 1 (P = 0.003); I> = 89%
Test for overall effect: Z = 1.68 (P = 0.09)

1.1.2 Popsicle
Mahawongkajit et al. [20] 11 102 15 102 4.3% 0.73[0.35, 1.52] T
Subtotal (95% Cl) 102 102 4.3% 0.73 [0.35, 1.52] S
Total events 11 15
Heterogeneity: Not applicable
Test for overall effect: Z = 0.84 (P = 0.40)
Total (95% Cl) 1264 1196 100.0% 1.19 [1.06, 1.34] )
Total events 429 339
L 2 _ _ — 12 = | } t d
Heterogeneity: Chi® = 11.75, df = 4 (P = 0.02); I* = 66% 001 o1 10 100

Test for overall effect: Z = 2.95 (P = 0.003)

X S R Favours [intervention] Favours [spray]
Test for subgroup differences: Chi® = 1.91, df = 2 (P = 0.38), I = 0%

Fig 4. Forest plot of studies comparing the ease of instrumentation between intervention and spray groups, with subgroups of intervention
for viscous solution, nebulizer, and popsicle.

Intervention Spray Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% ClI
2.4.1 Viscous
Amornyotin et al. [7] 2.02 1.77 868 1.39 1.4 931 73.3% 0.63[0.48, 0.78] [ ]
Hayashi et al. [27] 2.33 2,63 170 2.27 2.88 157 4.5% 0.06 [-0.54, 0.66] T
Khodadoostan et al. [26] 3.9 2.1 65 53 2.1 65 3.1% -1.40[-2.12, -0.68] I
Mizuno et al. [28] 2.63 1.35 106 2.57 1.42 100 11.2% 0.06 [-0.32, 0.44] -
Subtotal (95% CI) 1209 1253 92.1% 0.46 [0.33, 0.60] ()

Heterogeneity: Chi? = 36.54, df = 3 (P < 0.00001); I> = 92%
Test for overall effect: Z = 6.89 (P < 0.00001)

2.4.2 Gel

Cam et al. [22] 3.25 2.3 60 3.3 2.55 60 2.1% -0.05[-0.92, 0.82] T
Subtotal (95% CI) 60 60 2.1% -0.05[-0.92, 0.82] P
Heterogeneity: Not applicable

Test for overall effect: Z = 0.11 (P = 0.91)

2.4.3 Popsicle

Mahawongkajit et al. [20] 451 2.01 102 5.38 1.85 102 5.7% -0.87 [-1.40, -0.34] —
Subtotal (95% CI) 102 102 5.7% -0.87 [-1.40, -0.34] <
Heterogeneity: Not applicable

Test for overall effect: Z = 3.22 (P = 0.001)

Total (95% CI) 1371 1415 100.0% 0.38 [0.25, 0.50] (]
Heterogeneity: Chi? = 60.42, df = 5 (P < 0.00001); I> = 92% _54 _52 ) é A

Test for overall effect: Z = 5.83 (P < 0.00001)

Favours [Intervention] Favours [Spra
Test for subgroup differences: Chi? = 23.88, df = 2 (P < 0.00001), I> = 91.6% : ] [Spray]

Fig 5. Forest plot of studies comparing the mean score of numeric rating scale for participants’ pain/discomfort (0-10) between intervention
and spray groups, with subgroups of intervention for viscous, gel, and popsicle.
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Intervention Spray Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.6.1 Gel
Cam et al. [22] 3.21 1.32 60 3.09 1.4 60 6.7% 0.12 [-0.37, 0.61] -
Subtotal (95% CI) 60 60 6.7% 0.12 [-0.37, 0.61] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.48 (P = 0.63)
2.6.2 Popsicle
Ayoub et al. [25] 9.34 2.12 25 8.26 2.28 25 1.1% 1.08 [-0.14, 2.30] T
Mahawongkajit et al. [20] 7.83 0.51 102 7.58 0.5 102 82.1% 0.25[0.11,0.39] [
Subtotal (95% CI) 127 127 83.2% 0.26 [0.12, 0.40] ’
Heterogeneity: Chi® = 1.75,df = 1 (P = 0.19); I? = 43%
Test for overall effect: Z = 3.71 (P = 0.0002)
2.6.3 Lozenges
Chan et al. [12] 3.2 1.35 97 3.2 1.43 94 10.1% 0.00[-0.39, 0.39] T
Subtotal (95% Cl) 97 94 10.1% 0.00 [-0.39, 0.39] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 284 281 100.0% 0.22[0.10, 0.35] )
Heterogeneity: Chi® = 3.44, df = 3 (P = 0.33); I° = 13% _14 _52 5 é i

Test for overall effect: Z = 3.51 (P = 0.0005)

- S R Favours [Intervention] Favours [Spray]
Test for subgroup differences: Chi* = 1.68, df = 2 (P = 0.43), 1> = 0%

Fig 6. Forest plot of studies comparing procedural time of EGD between intervention and spray groups, with subgroups of intervention for
gel, popsicle, and lozenges.

Intervention Spray Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI|
2.1.1 Viscous
Amornyotin et al. [7] 321 868 454 931 75.3% 0.76 [0.68, 0.85]
Hayashi et al. [27] 78 170 78 157 13.9% 0.92 [0.74, 1.16] -
Khodadoostan et al. [26] 13 65 14 65 2.4% 0.93[0.47, 1.82] b
Subtotal (95% Cl) 1103 1153 91.6% 0.79 [0.71, 0.87] (]
Total events 412 546
Heterogeneity: Chi? = 2.59, df = 2 (P = 0.27); I = 23%
Test for overall effect: Z = 4.80 (P < 0.00001)
2.1.2 Gel
Nasiri et al. [21] 17 30 18 30  3.1%  0.94[0.62, 1.45] - 77207000
Subtotal (95% Cl) 30 30 3.1%  0.94[0.62, 1.45] <&
Total events 17 18
Heterogeneity: Not applicable
Test for overall effect: Z = 0.26 (P = 0.79)
2.1.3 Popsicle
Mahawongkajit et al. [20] 23 102 10 102 1.7% 30 [1.15, 4.58] —_— Y IT T T
Subtotal (95% CI) 102 102 1.7%  2.30[1.15, 4.58] -
Total events 23 10
Heterogeneity: Not applicable
Test for overall effect: Z = 2.37 (P = 0.02)
2.1.4 Lozenges
Saravanan et al. [29] 4 25 0 25 0.1% 9.00[0.51, 158.85] —1— 77207@7@
Supe et al. [23] 21 124 20 123 3.5% 1.04 [0.60, 1.82] —t— @20 e0¢
Subtotal (95% Cl) 149 148 3.5% 1.23 [0.72, 2.11] ’
Total events 25 20
Heterogeneity: Chi? = 2.20, df = 1 (P = 0.14); I* = 54%
Test for overall effect: Z = 0.77 (P = 0.44)
Total (95% CI) 1384 1433 100.0% 0.83 [0.76, 0.92] [}
Total events 477 594

i . 2 _ — _ L2 0, ! } 1 ]
Heterogeneity: Chi* = 15.68, df = 6 (P = 0.02); I = 62% o1 o1 ) 100

Test for overall effect: Z = 3.81 (P = 0.0001)

Favours [intervention] Favours [spra
Test for subgroup differences: Chi? = 11.90, df = 3 (P = 0.008), I> = 74.8% [ ] (spray]

Fig 7. Forest plot of studies comparing the proportion of participants who reported the highest satisfaction score between intervention and
spray groups, with subgroups of intervention for viscous, gel, popsicle, and lozenges.
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Intervention Spray Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
2.3.1 Viscous
Amornyotin et al. [7] 7.91 1.95 868 8.43 1.72 931 53.7% -0.52[-0.69,-0.35] |
Khodadoostan et al. [26] 7.03 22 65 6.88 2.25 65 2.7% 0.15[-0.62, 0.92] -1
Subtotal (95% CI) 933 996 56.3% -0.49 [-0.65, -0.32] 4

Heterogeneity: Chi? = 2.81, df = 1 (P = 0.09); I> = 64%
Test for overall effect: Z = 5.75 (P < 0.00001)

2.3.2 Gel

Cam et al. [22] 6.55 2.33 60 6.13 2.68 60 1.9% 0.42 [-0.48, 1.32] T
Nasiri et al. [21] 9 1.25 30 8.6 2.29 30 1.8% 0.40 [-0.53, 1.33] I
Subtotal (95% CI) 90 90 3.7%  0.41[-0.24, 1.06] <

Heterogeneity: Chi? = 0.00, df = 1 (P = 0.98); I’ = 0%
Test for overall effect: Z = 1.24 (P = 0.21)

2.3.3 Popsicle

Mahawongkaijit et al. [20] 7.89 0.77 102 7.6 0.74 102 36.3% 0.29 [0.08, 0.50] =
Subtotal (95% CI) 102 102 36.3% 0.29 [0.08, 0.50] ‘
Heterogeneity: Not applicable

Test for overall effect: Z = 2.74 (P = 0.006)

2.3.4 Lozenges

Chan et al. [12] 7.1 262 97 7.34 195 94  3.6% -0.24 [-0.89, 0.41] —
Subtotal (95% CI) 97 94  3.6% -0.24 [-0.89, 0.41] <
Heterogeneity: Not applicable

Test for overall effect: Z = 0.72 (P = 0.47)

Total (95% CI) 1222 1282 100.0% -0.16 [-0.29, -0.04] 4
Heterogeneity: Chi? = 38.93, df = 5 (P < 0.00001); I> = 87% _14 _=2 ) 2. ‘.1

Test for overall effect: Z = 2.57 (P = 0.01)

- " , Favours [Intervention] Favours [Spray]
Test for subgroup differences: Chi® = 36.12, df = 3 (P < 0.00001), I* = 91.7%

Fig 8. Forest plot of studies comparing the mean participants’ satisfaction score (0-10) between intervention and spray groups, with subgroups

of intervention for viscous, gel, popsicle, and lozenges.

Intervention Spray Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 Viscous
Amornyotin et al. [7] 184 868 244 931 87.8% 0.81 [0.68, 0.96]
Khodadoostan et al. [26] 24 65 24 65 12.2% 1.00 [0.64, 1.57] -
Subtotal (95% CI) 933 996 100.0% 0.83 [0.71, 0.97] ¢
Total events 208 268

Heterogeneity: Tau®? = 0.00; Chi® = 0.75, df = 1 (P = 0.38); I’ = 0%
Test for overall effect: Z = 2.33 (P = 0.02)

Total (95% Cl) 933 996 100.0% 0.83 [0.71, 0.97] ¢
Total events 208 268

Heterogeneity: Tau®? = 0.00; Chi®> = 0.75, df = 1 (P = 0.38); I> = 0%
Test for overall effect: Z = 2.33 (P = 0.02)

Test for subgroup differences: Not applicable

0.01 0.1 10 100
Favours [intervention] Favours [spray]

Fig 9. Forest plot of studies comparing the proportion of participants who achieved the highest tolerance score between intervention

(Viscous) and spray groups.
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Intervention Spray Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.5.1 Viscous
Amornyotin et al. [7] 8.05 1.95 868 8.71 1.68 931 51.3% -0.66[-0.83,-0.49] L
Subtotal (95% CI) 868 931 51.3% -0.66 [-0.83, -0.49] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 7.67 (P < 0.00001)
2.5.2 Neubilizer
Noitasaeng et al. [9] 7.92 1.12 54 B8.48 0.8 53 10.8% -0.56[-0.93,-0.19] -
Subtotal (95% CI) 54 53 10.8% -0.56[-0.93, -0.19] <
Heterogeneity: Not applicable
Test for overall effect: Z = 2.98 (P = 0.003)
2.5.3 Popsicle
Mahawongkajit et al. [20] 7.89 0.77 102 7.6 0.74 102 34.0% 0.29 [0.08, 0.50] Ld
Subtotal (95% CI) 102 102 34.0% 0.29 [0.08, 0.50] (]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.74 (P = 0.006)
2.5.4 Lozenges
Chan et al. [12] 6.87 2.35 97 7.54 1.97 94 3.9% -0.67 [-1.28, -0.06] —
Subtotal (95% CI) 97 94 3.9% -0.67 [-1.28, -0.06] <
Heterogeneity: Not applicable
Test for overall effect: Z = 2.14 (P = 0.03)
Total (95% CI) 1121 1180 100.0% -0.33 [-0.45, -0.21] [
Heterogeneity: Chi? = 51.74, df = 3 (P < 0.00001); I’ = 94% _“4 _52 ) é ;1

Test for overall effect: Z = 5.29 (P < 0.00001)

Test for subgroup differences: Chi? = 51.74, df = 3 (P < 0.00001), I’ = 94.2%

Favours [Intervention] Favours [Spray]

Fig 10. Forest plot of studies comparing the mean endoscopist satisfaction score (0-10) between intervention and spray groups, with

subgroups of intervention for viscous, nebulizer, popsicle, and lozenges.

DISCUSSION

This systematic review, which included 13 RCTs
involving 3,711 participants, found that lidocaine spray,
compared to other forms of lidocaine, provided better
ease of instrumentation, reduced pain or discomfort,
and shorter procedural time. However, it was associated
with lower participants’ highest satisfaction scores, mean
satisfaction scores, tolerance scores, and overall satisfaction.
Most RCTs in this review had low or very low certainty of
evidence, based on GRADE methodology. These studies
revealed design issues, inconsistent results, imprecise
effect estimates, and potential publication bias. These
issues seriously limit the reliability of our findings.

Topical lidocaine spray typically uses a water-oil
emulsion, which enhances tissue penetration and nerve
access. It is rapidly absorbed across the mucous membrane
and provides effective anesthesia.

In the spray group, ease of instrumentation improved
due to more accurate anesthesia of the posterior pharynx.
Using a tongue blade further exposed this region. Lidocaine
spray offered more effective topical pharyngeal anesthesia,
contributing to a higher procedure success rate. In contrast,
viscous lidocaine is rinsed in the oral cavity, where it
mixes with saliva and is retained in the mouth, leading to
inadequate pharyngeal anesthesia.” Our analysis suggests

that lidocaine spray eases instrument insertion; however,
the low certainty of evidence means that these results
require caution.

Over 7 million people undergo EGD annually in
the United States. EGD procedures in Thailand have also
increased significantly over the past decade, reflecting
improved healthcare accessibility and diagnostic capacity™’,
with approximately 12% concerned about pain during
the procedure.” Inserting instruments through the oral
cavity into the digestive tract may trigger a gag reflex,
leading to pain or discomfort.” Lidocaine spray helped
suppress or eliminate the gag reflex, improving ease of
instrumentation, reducing procedural time, and alleviating
pain and discomfort.

The lower satisfaction scores in the lidocaine
spray group likely stemmed from its bitter taste and
the discomfort associated with administration.”” Some
patients swallowed the drug immediately, and the plastic
applicator—being weak, thin, and short—sometimes
failed to direct the spray accurately to the posterior
pharynx, leading to incomplete anesthesia.”* Additionally,
lidocaine itself can trigger a gag reflex. In a study by
Mogensen et al.” patients preferred lidocaine lozenges,
which had a better taste during EGD. Similarly, lidocaine
ice popsicles provided higher satisfaction, possibly due
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to their gradual melting, which prolonged anesthetic
exposure to the pharynx.” Lidocaine nebulizers were
also well accepted and increased satisfaction during
airway and GI endoscopy.

Patient satisfaction may also be influenced by multiple
factors, such as the operator’s manner and skill, patient
preparation, age, gender, gag reflex sensitivity, and baseline
anxiety.”’ Campo et al.” identified factors reducing EGD
tolerance, including a strong gag reflex, apprehension,
female sex, younger age, and high anxiety. While some
studies show that suppressing the gag reflex increases
tolerability””*, others report no significant difference.***!
In our review, tolerance was higher in the non-spray
group. This may be due to the more pleasant taste of
lozenges or popsicles, or to baseline patient factors such
as anxiety, age, or sex.

Interestingly, endoscopist satisfaction in our study
was higher in the non-spray group. Previous research
found that endoscopist satisfaction was influenced by ease
of instrumentation, lower gag reflex, shorter preparation
time, less secretion, and overall effortlessness.” Although
our findings showed better ease of instrumentation and
shorter procedural time with lidocaine spray, endoscopist
satisfaction appeared to align more closely with patient
tolerance—suggesting that endoscopists may value patient
comfort and cooperation as much as procedural efficiency.

Our findings show that while lidocaine spray
makes instrumentation easier and procedures shorter,
it leads to lower patient tolerance and less endoscopist
satisfaction than non-spray methods. This disconnect is
unexpected. Technical efficiency does not automatically
lead to a better experience for patients or providers.
The sensory discomfort of the spray likely outweighs its
procedural benefits. Endoscopists seem to value patient
comfort as much as ease of the procedure. In practice,
this suggests we should balance technical efficiency with
patient experience. The best anesthetic approach may
be the one offering the best overall experience, not just
the easiest instrumentation.

9,36

Pain and satisfaction outcomes showed considerable
heterogeneity (I > 90%), so the results should be interpreted
with caution. This heterogeneity comes from several
sources. There are differences in lidocaine formulations
and how it is applied. Patient characteristics also play
a part, such as age, baseline pain, and anxiety about
the procedure. Differences in study methods, such as
the timing of outcomes assessment and measurement
tools, make direct comparisons more challenging. Still,
most studies found that lidocaine had a positive effect
in different situations.

...................................... Original Article SM]

Limitations

Our study has several limitations. First, eight of the
thirteen included studies had a risk of bias in outcome
reporting, potentially affecting the validity of the findings.
Second, data extraction was challenging due to incomplete
outcome reporting in several studies. We attempted to
mitigate this by contacting the study authors to retrieve
missing data. Lastly, low and very low certainty evidence
in this review limits our ability to draw firm conclusions.
We need more rigorous, well-designed studies with larger
samples, standardized protocols, and comprehensive
reporting to establish more reliable evidence on the
efficacy of lidocaine spray in EGD procedures.

CONCLUSIONS

Compared with other forms of lidocaine used for
local anesthesia, lidocaine sprays may improve ease
of instrumentation, reduce pain and discomfort, and
shorten procedural time during EGD. However, it is
associated with lower patient satisfaction and tolerance
scores. Given the variability in study quality and outcome
reporting, further studies are needed to determine the
most effective form of pharyngeal anesthesia for EGD
with high-quality RCTs.
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ABSTRACT

Objective: To determine the efficacy of the preoperative oral solution of risperidone in preventing Postoperative
delirium (POD) and reducing the severity of POD in patients with geriatric vascular disease.

Materials and Methods: Randomized, double-blind, placebo-controlled trial. A total of 140 elderly patients scheduled
for vascular surgery were enrolled and randomly assigned to either the risperidone group (0.5 mg oral solution of
risperidone within 1 hour before surgery) or the placebo group.

Results: POD was assessed daily using the DSM-5 criteria, and its severity was measured with the Delirium Rating
Scale (DRS) for the first three days after surgery. The incidence and severity of POD were compared between the
two groups. Potential side effects of risperidone, and the length of hospital stay were also recorded. There were no
statistical differences in demographic data between the two groups. The incidence of POD was 10.6% compared to
21.2 % in the intervention group without statistical significance (p-value=0.096). However, the severity of POD,
measured by the DRS, was significantly lower in the risperidone group (2.0 vs. 6.0, p-value=0.025). The length of
hospital stay did not show significant differences between the two groups.

Conclusions: The overall incidence of POD in this study without intervention was 21.2%. Preoperative administration
of oral risperidone (0.5mg) reduced the severity of POD, but did not affect the incidence of POD or the length of

hospital stay in this population.

Keywords: Vascular surgery; postoperative delirium; risperidone (Siriraj Med J 2025; 77: 738-747)

INTRODUCTION

Postoperative delirium (POD) is a form of delirium
that occurs in patients who received surgical procedures
and anesthesia. It is common among geriatric surgical
patients, and its etiology is not fully understood. For
vascular surgical patients alone, the incidence of POD
ranges from 33 to 54 %."” Since this world is becoming an
aging society, more geriatric patients undergo surgeries
each year. The impact of POD is becoming more significant
for perioperative care.

According to the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5), the diagnosis of delirium
includes an acute disturbance in attention, cognition,
and / or awareness that is not explained by another
medical condition or substance intoxication or toxin.'
Unlike dementia, POD has an acute onset and fluctuates
throughout the day. It typically appears during the first
three postoperative days.” Common risk factors for
postoperative delirium include the elderly, preexisting
cognitive impairment, history of prior delirium, hip surgery,
cardiac surgery, vascular surgery, use of benzodiazepine,
alcohol withdrawal, etc.’

POD is associated with significant morbidities,
increased length of hospitalization, worse surgical outcome,
and higher healthcare costs.
this patient group can enhance patient recovery, reduce
morbidity and mortality, and hospital fee. The proposed
preventive methods include the identification of patients
who are at higher risk, the prevention of risk factors, and
pharmacological management. Previous studies have

+¢ Prevention of POD in

found that some medications show benefits for delirium
prevention, including some antipsychotic agents and
dexmedetomidine.”* However, frail elderly patients can
develop significant side effects, including hypotension,
hypertension, and bradycardia due to dexmedetomidine.’

Antipsychotic agents that were studied for the
prevention of POD include haloperidol and risperidone.
Haloperidol, a typical antipsychotic, showed conflicting
results for postoperative delirium prevention in previous
studies.'”"” Risperidone is an atypical antipsychotic
agent with less extrapyramidal side effects such as
dyskinesia, dystonia, or Parkinsonism compared to
typical antipsychotics. It is also cheap and very accessible
and does not have interactions with anesthetic agents.
Previous studies showed promising results in preventing
POD in patients undergoing elective cardiac surgery
with cardiopulmonary bypass.'*"*

The study by Prakanrattana et al. found that 1 mg of
risperidone administered sublingually after awakening
on the postoperative ward reduced the incidence of
postoperative delirium from 31.7% in the placebo group
to 11.1% in the intervention group." Another study
by Hakin et al. showed the effectiveness of 0.5 mg of
risperidone when given orally every 12 hours in patients
with subsyndromal delirium after on-pump cardiac
surgery reduced the incidence of delirium from 34% to
13.7%." An adverse effect of risperidone was reported
as a mild extrapyramidal syndrome in two patients of
the intervention group (3.9%).

We decided to give risperidone preoperatively,
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contrary to previous studies, due to its long duration
of action and ease of administration. When given at
a low dose of 0.5 mg, we expected risperidone to have
minimal side effects, while still being effective.'®
Objectives

The primary objective of this study is to determine
the efficacy of preoperative oral risperidone solution
0.5mg for reducing the incidence of POD in surgical
vascular patients compared to placebo.

Secondary objectives include demonstrating the
incidence of POD in vascular surgical patients, its efficacy
in reducing delirium severity and length of hospital stay,
and reporting adverse side effects observed in this study.

MATERIALS AND METHODS
Study design

This study is a prospective, double-blind, randomized,
placebo-controlled trial conducted at the tertiary-care
university hospital. After the study was authorized by
the institutional review board. All patients signed an
informed consent before enrollment.

Study population

Patients more than 60 years-old who were admitted
for an elective aorta, carotid or peripheral vascular surgery
and were expected to be under anesthesia for more than
2 hours were included in the study. Exclusion criteria
were patients with delirium prior to surgery positive
Confusion Assessment for Intensive Care Unit (CAM-
ICU) (Thai version) or severe cognitive impairment
Thai Mental State Examination (TMSE less than 10)'7'¢
history of alcoholic abuse or alcohol ingestion within the
14-day period preceding surgery, history of psychiatric
illness, receiving antipsychotic drugs, physical disabilities
that limit the evaluation of delirium such as blindness,
deafness or mute, liver impairment with Child-Turcotte-
Pugh score more than or equal to 10, history of allergy
to risperidone, risk of adverse effects from risperidone
such as history of neuroleptic malignant syndrome,
Parkinson’s disease, Parkinsonism or prolongation of
QTc, and patients who refused to participate. This study
withdrawal or termination criteria included patients who
developed cardiac arrest during surgery and patients who
received dexmedetomidine or benzodiazepine during
the perioperative period.

Sample size calculation

The formula used to calculate the sample size of this
study was made with n4 studies program. The formula
used is as follow.

(Zy— a/2y2p(1— P) +Z, — By (1 —p2) + p2(1 — p2))?
(p1 —p2)?

n=

Assumptions: we used a two-sided a = 0.05 and
80% power (f =0.2)

Incidence rates: According to previous studies, the
incidence of postoperative delirium in patients undergoing
vascular surgery was between 33-54%; we assumed P1
(control incidence) =48% as a mid-range estimate.

Expected effect size: From the study by Prakanrattana
etal,, risperidone reduced the incidence of postoperative
delirium in cardiac surgery patients from 31.7% to 11%
compared to placebo. In this study, we hypothesized
a 50% relative reduction (P2=24%) with prophylactic
risperidone. This estimate was based on prior trials that
show a substantial risk reduction. While the dose, timing
and population differences might influence effect size;
we chose this conservative but clinically meaningful
reduction to ensure adequate study power.

The calculated sample size is equal to 62 for each
group. Allowing for 10% dropout for protocol deviation
and loss to follow-up, we increase the sample size to:
treatments = 70, controls = 70. Therefore, the sample
size for this study was 70 in each group. The total sample
size was 140.

The study outcomes

The primary outcome of this study is the efficacy
of risperidone in reducing the incidence of POD in
elderly vascular surgical patients. Secondary outcomes
include the incidence of POD in this group of patients,
the delirium rating scale, and the length of hospital stay.

Study process

Participants who met the inclusion criteria will
be recruited from the surgical ward by anesthesiology
residents. After written informed consent was obtained
from eligible participants, they were screened for severe
cognitive impairment and delirium by trained anesthesiology
residents using TMSE and CAM-ICU screening tools.

All participants received a preanesthetic evaluation
the day before surgery and were premedicated based on
their underlying disease. Benzodiazepines were omitted
during the perioperative period. The participants were
randomized into a 1:1 ratio to the intervention or the
control group using simple randomization. A random
sequence was generated in advance, and allocation was
concealed using sequentially numbered, sealed, and opaque
envelopes. A research assistant, who was not involved
in patient care or outcome assessment, opened the next
enveloped in sequence to assign each participant after
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enrollment. The risperidone group received a 0.5ml solution
containing 0.5 mg of risperidone while the control group
received 0.5 ml of sterile water within 1 hour before surgery
(Fig 1). The risperidone and sterile water were prepared
by a pharmacist and the solution were labeled by trial
name and participations’ randomization number. A nurse
anesthetist, who did not participate in this study and
blinded to the randomization, was assigned to administer
these per oral solutions according to the participant’s
randomization number. Both risperidone and sterile
water were matched in volume, color and transparency.
However, a blinding test for both solutions was not
conducted. Non-invasive blood pressure, EKG and oxygen

..................................... Original Article SM]

saturation were monitored before the operation. The
attending anesthesiologist selected the type of anesthesia,
including general anesthesia (GA), intravenous sedation,
regional or local anesthesia.

For the GA technique, participants received fentanyl
(1-2 pg/kg) and propofol (1-2 mg/kg) intravenously.
Endotracheal intubations were facilitated with cis-
atracurium (0.15 mg/kg) when the train-of-four count
was equal to 0. The level of anesthesia was maintained with
desflurane, fentanyl (1-2 pg/kg/h) and cis-atracurium (1-3
pg/kg/min). The TOF count was maintained between 1
and 2 during the surgery. The anesthesiologist adjusted
the concentration of desflurane with the air : oxygen

Enrollment

1152 Patients screened for eligibility

1012 Excluded
- 948/1012 Did not meet inclusion
criteria
o 875/948 had expected surgical
duration less than 2 hours

A\

140 Randomized

o 39/948 had preoperative
delirium/ severe dementia
0 26/948 received antipsychotic
medications
o 8/948 at risk for severe side
effects
- 64/1012 Refused to participate

\4

l

70/140 Allocated to risperidone

[ Allocation ]

70/140 Allocated to placebo

0/70 Lost to Follow-up

[ Follow-up ]

0/70 Lost to Follow-up

0/70 Withdrew consent

A 4

0/70 Withdrew consent

\4

66/70 Analyzed [

Analysis

] 66/70 Analyzed

4/70 Excluded from analysis

2/4 having anesthetic
time less than 2 hours

1/4 patient received
dexmedetomidine during
operation

1/4 canceled surgery

!

66 included in
analysis

Fig 1. Consort flow diagram.

4/70 Excluded from analysis

2/4 having anesthetic
time less than 2 hours

1/4 patient received
benzodiazepine during
operation

1/4 canceled surgery

!

66 included in
analysis
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mixture. Ventilator settings were set for low tidal volume
(6-8 ml/kg, PEEP 5 cm H,O). The respiratory rate was
adjusted to keep the end tidal CO, between 35 and 40
mmHg during surgery. At the end of the surgery, 2.5
mg of neostigmine and 0.4 mg of glycopyrrolate were
administered and extubation was performed when the
TOF ratio was greater than 90%.

Fentanyl infusion (1-2 pg/kg) and/or propofol was
used to sedate the patients. 25 pg of fentanyl could be
added during the operation when the pain score was
greater than or equal to 5 or the patient was agitated.
The patients received oxygen by cannula or mask.
Benzodiazepines were avoided during the operation.
The anesthesiologist determined the dose of anesthetic
drugs and sedation drugs for regional anesthesia and
the surgeon determined the concentration and volume
of drugs for local anesthesia.

During surgery, noninvasive blood pressure or direct
arterial pressure, electrocardiogram, pulse oximetry,
end-tidal concentration of CO, and desflurane, body
temperature, and neuromuscular monitoring were
monitored and recorded. After the operation, the patients
were transferred to the ward or the surgical critical care
unit. They were assessed for postoperative delirium using
the DSM-5 criteria by a psychiatrist who was blinded by
allocation. They were reassessed for the first three days
postoperatively by the same psychiatrist.

If postoperative delirium was detected, the severity
of delirium would be further assessed using the Delirium
Rating Scale.”” Treatments for postoperative delirium were
provided by the psychiatrist team. The researchers recorded
all physical examination, treatment, and complication
during the postoperative period.

Data collection

Preoperative data include general demographic
characteristics, TMSE score, and preoperative laboratory
results. Intraoperative data include anesthetic technique,
surgical and anesthetic duration, amount of each medication
administered, number of episodes of intraoperative
hypotension, number of episodes of hypoxemia, amount
of fluid and blood products administered, urine output,
and estimated blood loss. Postoperative data include
pain score in the recovery room or intensive care unit,
adverse effects of risperidone, DSM-5 evaluation, and
delirium rating scale in delirious patient.

Statistical analysis

All randomized patients who met the protocol
eligibility criteria were included in the analysis with a
modified intention-to-treat (mITT) approach. Patients

who were excluded post-randomization due to protocol
deviations were not included in the analysis.

Continuous variables were reported according to
data distribution. Normally distributed data are presented
as mean + SD and compared using the student’s ¢-test.
Skewed data are reported as median (interquartile range
[IQR]) and compared using the Mann-Whitney U test.
Categorical variables were expressed as frequency and
percentage and were compared using Chi-square test. A
two-sided p < 0.05 was considered statistically significant.

The primary analysis followed a modified intention-
to-treat approach, excluding patients who were randomized
but not treated due to protocol-related reasons. A total
of 140 patients were randomized, of whom 132 patients
were included in the modified intention-to-treat analysis
(Intervention =66, Control = 66).

Delirium Rating Scale (DRS) was compared among
patients who developed POD and was reported as median
with IQR. Comparison was conducted using Mann-
Whitney U test.

Subgroup analyses based on TMSE scoring and
hypotensive events were conducted as post-hoc exploratory
analyses.

Statistical analysis was conducted using IBM Statistic
SPSS for Windows version 21.0.

RESULTS

The recruitment took place from September 2020
to January 2023. During the study period, 1,152 elective
vascular patients were evaluated for eligibility, 1,012
patients were excluded mainly due to expected anesthesia
time less than 2 hours, followed by preoperative delirium,
receiving antipsychotic medications preoperatively, age
less than 60 years, having a prolonged QT interval in
preoperative ECG, and declining participation.

A total of one hundred and forty participants were
eligible and were randomized to the placebo group (n=70)
and the risperidone group (n=70). After exclusions for
protocol deviations (n=8), 132 patients were included
in the modified intention-to-treat (mITT) analysis. In
each group, two patients (2.8%) had anesthetic time less
than 2 hours, and a patient had her operation cancelled
by the surgeon. A patient in the placebo group received
benzodiazepine during the operation and was excluded
from the analysis. A patient in the risperidone group
received dexmedetomidine and was withdrawn from
the analysis (Fig 1).

The baseline clinical characteristics and intraoperative
variables were balanced between the two groups and were
demonstrated in Tables 1 and 2. Clinical outcomes are
demonstrated in Table 3.
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TABLE 1. Baseline patient characteristics.

Characteristics Placebo Group Risperidone Group P value
(n=66) (n=66)
Age, mean (SD), y 72.6 (7.4) 71.5(7.3) 0.374
Gender 0.434
Female, No., % 16 (24.2%) 20 (30.3%)
Male, No., % 50 (75.8%) 46 (69.7%)
Body mass index, mean (SD) 22.8 (4.3) 23.8 (3.8) 0.165
Hematocrit, mean, % 34.0 (6.5) 36.0 (6.6) 0.076
eGFR, mean (SD) 58.5 (28.7) 58.4 (31.5) 0.993
Sodium level, mean (SD) 137.1 (4.3) 136.5 (4.0) 0.343
Comorbidity
Stroke 10 (15.2%) 14 (21.2%) 0.367
Coronary artery disease 23 (34.8%) 24 (36.4%) 0.856
Diabetes 25 (37.9%) 36 (54.5%) 0.055
ASA classification 0.637
Il 7 (10.6%) 7 (10.6%)
I 55 (83.3%) 52 (78.8%)
v 4 (6.1%) 7 (10.6%)

Abbreviations: eGFR: Estimated glomerular filtration rate, ASA: American Society of Anesthesiologists physical status classification.

TABLE 2. Intraoperative variables.

Intraoperative variables Placebo Group Risperidone Group P value
(n=66) (n=66)
Anesthesia techniques 0.186
GA or iv sedation 45 (68.1%) 52 (78.7%)
RA or MAC 21 (31.8%) 14 (21.2%)
Estimated blood loss, ml, IQR 125 (50-285) 100 (50-250) 0.532
Hypotensive events >5minutes, times, IQR 1(0-4) 2 (0-4) 0.561
Supra-inguinal operation, no., % 36 (54.5%) 33 (50%) 0.601
Operative time, mean (SD), min 207.8 (123.5) 181.5(98.9) 0.179
Anesthesia time, mean (SD), min 265.0 (141.3) 243.8 (120.1) 0.356

Abbreviations: GA: General anesthesia, RA: Regional anesthesia, MAC: Monitored anesthesia care, IQR: Interquartile range, SD: Standard
deviation.
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TABLE 3. Clinical outcomes during study drug administration.

Outcomes

Delirium, No., %

Placebo Group
(n=66)

14 (21.2%)

Subtype of delirium

Hypoactive, No, % 7 (50%)
Hyperactive, No, % 7 (50%)

Delirium rating scale. Median, IQR

Length of hospital stay. Median, IQR

Abbreviation: IQR: Interquartile range.

The incidence of postoperative delirium in the
risperidone group was 10.6% compared to the control
group 21.2% with no statistical significance (p = 0.096).
In patients who developed postoperative delirium of
each group, the incidence of hyperactive delirium in the
risperidone group (14.2%) vs the placebo group (50%)
was also not statistically different (p = 0.174). However,
the DRS in the risperidone group was statistically lower
at median of 2 (2-5) compared to the control group at
median of 6 (5-8.25) (p = 0.025). There was no difference
in hospital stay between the two groups (5.0 (4.0-14.25)
vs 7.0 (3.0-15.25), p = 0.922).

In a subgroup analysis, we found that the risperidone
group had a lower incidence of postoperative delirium
in patients with hypotensive events (defined by mean
arterial blood pressure < 20% of the baseline value or

6.0 (5.0-8.25)

5.0 (4.0-14.25)

Risperidone Group P value

(n=66)

7 (10.6%) 0.096
0.174

6 (85.7%)

1(14.2%)

2.0 (2.0-5.0) 0.025

7.0 (3.0-15.25) 0.922

systolic blood pressure <90 mmHg) less than 3 times.
We found no difference in postoperative delirium in
patients with hypotensive events more than 3 times.
We found no statistical differences between patients
with mild cognitive impairment (TMSE scores <22)
compared to patients with TMSE scores > 22 (Table 4).

The side effects of risperidone included mild
extrapyramidal symptoms (cogwheel rigidity) in
one patient (1.4%) that resolved spontaneously and
asymptomatic QT prolongation in one patient (1.4%).
A patient developed cardiac arrest on postoperative day
3 due to acute heart failure and hypoxemia. We believe
that this is unlikely to be due to risperidone which was
administered 3 days prior to the event. After the incident,
the patient’s randomization to the risperidone group
was quickly disclosed and reported to the IRB.

TABLE 4. Subgroup analysis of clinical outcomes.

Subgroup Outcome

Hypotension < 15 min Delirium, No., %

Hypotension = 15 min Delirium, No., %
Preoperative TMSE score < 22 Delirium, No. %

Preoperative TMSE score = 22 Delirium, No. %

Abbreviation: TMSE: Thai Mental State Examination.

Placebo group Risperidone Group P value
(n=66) (n=66)

11 (24.4%) 3 (7%) 0.025
3 (14.3%) 4 (17.4%) 0.778

5 (35.7%) 2 (18.2%) 0.332

9 (17.3%) 5(9.1%) 0.258
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DISCUSSION

We found that 0.5 mg of oral risperidone solution,
when administered preoperatively, reduced the severity
of delirium, but not the incidence of POD or the length
of stay in the hospital. In a subgroup analysis, risperidone
showed a benefit in reducing POD in patients with less
than three hypotensive events.

In contrast to our hypothesis, this randomized
controlled trial showed that 0.5 mg of risperidone oral
solution administered preoperatively did not reduce the
incidence of POD in elderly vascular patients (21.2%
VS 10.6%, p=0.096). We believe that this may be due to
several factors.

First, the incidence of postoperative delirium in
our placebo group (21.2%) was much lower than the
incidence used for the calculation of the sample size
(48%). This discrepancy may be due several factors
including differences in patient characteristics, surgical
techniques, perioperative practices, and intraoperative
hemodynamic control. Our study also used DSM-5 criteria
for diagnosis of delirium, which are highly specific but
less sensitive than CAM-ICU, potentially missing milder
or transient cases. Protocol related exclusions including
patients with severe cognitive impairment, sedative use
and patients having pre-operative delirium may resulted
in a lower risk population.

Second, a single dose of 0.5 mg of risperidone used
in this study may not be enough to reduce the incidence
of POD. Previous studies used a higher dose (1 mg) or
higher frequency (every 12 hours)."”"

The choice of a single 0.5 mg preoperative dose
of risperidone in this study was based on concerns
regarding tolerability and safety in elderly vascular
patients, who often have multiple comorbidities and
polypharmacy. Risperidone at low doses has been shown
to treat postoperative delirium in elderly orthopedic
patients with minimal side effects.”” Pharmacokinetically,
oral risperidone reaches peak plasma concentrations
within 1-2 hours, with a mean elimination half-life
of approximately 20 hours, and its active metabolite,
9-hydroxyrisperidone, has a half-life of 20-30 hours.”
Therefore, we hypothesized that a single preoperative
dose would provide an effect for least 48-72 hours, which
is the period with the highest risk of POD. However,
compared with prior studies using 1 mg or repeated dosing
schedules, a single low dose regimen was insufficient
in preventing POD. Future studies should explore the
optimal dosing that balance efficacy with safety in this
vulnerable population.

It is also important to consider some potential
confounding factors that could influenced POD risk.

...................................... Original Article SM]

Variables such as site of surgery (supra-inguinal surgery
vs infra-inguinal surgery), duration of anesthesia and
surgery, intraoperative hypotension, opioid exposure
and baseline cognitive function (TMSE score) may affect
delirium incidence and severity. Although randomization
was intended to balance these factors, residual differences
may contribute to variability in outcomes.

Regarding our secondary outcomes, risperidone
showed a reduction in the severity of postoperative
delirium defined by the Delirium Rating Scale (6 VS 2,
p=0.025) but not hospital stay (5 VS 7, p=0.922). In
contrast to a previous study”’, the reduced delirium
severity found in risperidone group was not associated
with a reduction in the length of hospital stay. Other
worse clinical outcomes including higher 1-year mortality
rate, greater in-hospital costs” and long-term cognitive
decline’ was also linked with delirium severity but were
not studied in this research. There were few reported
side effects of risperidone.

The external validity of our findings is limited. This
was a single-center study focusing on elderly patients
undergoing elective vascular surgery, with a benzodiazepine-
avoidant anesthetic protocol. Therefore, results may not
tully apply to other surgical populations, including non-
vascular geriatric patients, or to centers with different
perioperative practices. Future multicenter studies across
diverse surgical settings are needed to determine the
broader applicability of these findings.

Strengths of this study include the use of DSM-5
criteria for the diagnosis of delirium, a gold standard
for the diagnosis of delirium, compared to previous
studies using CAM-ICU. Assessment of all participants
was done by only one psychiatrist and the assessment
period is three consecutive days, which are the period
with the highest incidence of delirium. All participants,
researchers, and psychiatrists were blinded to the groups
of patient allocation.

20

Limitations

Our study had some limitations. The assessment of
delirium was performed once each day, which may have
missed some cases of delirium due to its fluctuating course.
The sample size was calculated using the incidence of
delirium, which was the primary outcome. This may have
reduced the power of our study to detect a statistically
significant difference in the primary and secondary
outcomes.

CONCLUSIONS
In this RCT, we observed that surgical vascular
patients receiving 0.5 mg of risperidone before surgery
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showed a reduction in severity but not incidence of
POD compared to placebo. There were no differences
in hospital stay between the two groups. Risperidone
has low side effects.

Suggestions for future research include determining
the proper sample size for other research outcomes,
increasing the frequency of delirium assessment, and
considering the appropriate dose of risperidone for
effective postoperative delirium prevention.
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ABSTRACT

Thailand has officially entered an aged-society phase: people > 65 years already constitute > 14% of the
population. This demographic transition strains surgical services; frail older adults face disproportionately high
perioperative morbidity, prolonged recovery, and functional decline. Yet, perioperative care delivery in Thailand
remains fragmented, with sporadic frailty screening, inconsistent multidisciplinary collaboration, and rudimentary
transitional care pathways.

Using the Business Model Canvas to map current service gaps, this review delineates strategic levers for reform.
At high-volume centers such as Siriraj Hospital, nearly 40% of surgical patients are aged > 65 years, positioning
anesthesiologists to champion frailty screening, preoperative risk optimization, and postoperative recovery planning.

Inspired by models from Singapore, the UK, and the US, we propose a four-phase, anesthesiologist-led
perioperative care model spanning pre- to post-surgery. Prioritizing safety, recovery, and continuity of care, it is
supported by workforce development and policy action. To manage implementation costs, a Business Model Canvas

is recommended. This scalable strategy aims to enhance perioperative care for Thailand’s aging population.

Keywords: Anesthesiologist; frail; elderly; perioperative care; prehabilitation (Siriraj Med ] 2025; 77: 748-757)

INTRODUCTION

Official 2024 registration data show that Thailand
has crossed the threshold into an aged society; people
> 65 years already represent a substantial proportion of
the population. The consequent surge in older surgical
candidates is clinically complex because multimorbidity,
polypharmacy, cognitive impairment, and frailty are
common.' Frailty—a multidimensional syndrome marked by
depleted physiologic reserve and heightened vulnerability to
stressors—is linked to postoperative complications, extended
hospital stays, loss of independence, and mortality.”® Local
evidence from Siriraj Hospital—Thailand’s oldest and
largest tertiary academic medical center, with over 2,000
beds, more than 3 million outpatient visits, and around
80,000 inpatient admissions annually—supports these
concerns. Among patients undergoing gastrectomy for
gastric or esophagogastric junction cancer, advanced age
is associated with increased postoperative complications
and adverse events.”” Those aged > 80 years exhibited a
significantly higher in-hospital mortality risk.

Internationally, perioperative medicine for older
adults with frailty is a fully integrated discipline that
unites surgeons, anesthesiologists, geriatricians, and
structured recovery planning. In Thailand, however,
implementation is nascent. Routine frailty screening
and comprehensive geriatric assessment (CGA) are
rare, multidisciplinary collaboration is inconsistent, and
postoperative plans often overlook functional and cognitive
endpoints. At Siriraj Hospital, older adults constitute
almost 40% of the facility’s 50 000 annual surgical cases.
The national shortage of geriatricians therefore creates
a strategic window for anesthesiologists to lead system

redesign. Expanded duties could include frailty screening,
orchestration of prehabilitation services, and delivery of
frailty-adapted anesthesia. Over time, anesthesiologists
might also coordinate discharge planning and recovery
optimization.

This review applies the Business Model Canvas
(BMC) to critically evaluate the existing perioperative
care model for frail older adults in Thailand. Comparative
exemplars from Singapore, the United Kingdom, and
the United States are used to identify transferable service
innovations. On the basis of this analysis, we propose
a 4-phase, anesthesiologist-led model aligned with the
surgical timeline to advance perioperative medicine in
Thailand’s aging society.

Business Model Canvas Analysis

The Business Model Canvas (BMC) is a strategic
framework comprising nine interrelated domains that
analyze how a service creates, delivers, and captures
value. We selected the BMC as a tool to integrate clinical
innovation with sustainable service delivery. In contrast
to purely clinical models that focus primarily on patient
outcomes, the BMC facilitates a systematic examination of
value creation, resource allocation, and cost structure—key
considerations in the design of perioperative services for
older adults, whose care is often complex and resource-
intensive. Employing the BMC framework supports not
only improved clinical outcomes but also long-term
financial sustainability and potential alignment with
reimbursement mechanisms within the Thai healthcare
system.

Our adapted design envisions a 24-week continuum—
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12 weeks pre- and 12 weeks post-operation—led or co-
led by anesthesiologists to address the physiologic and
functional needs of frail patients. The preoperative block
enables prehabilitation that enhances nutrition, physical
resilience through targeted exercise, and comorbidity
optimization, whereas the postoperative block emphasizes
complication surveillance, rehabilitation, and readmission
prevention. This extended arc enables proactive, personalized
care that traditional surgical timelines often overlook,
especially in frail or high-risk populations.

Each domain of the BMC was developed through
a narrative synthesis of institutional insights, clinical
experience at Siriraj Hospital, and comparative review
of international models. These domains collectively
informed the service redesign summarized in Table 1.
This approach allowed us to structure a frailty-focused
perioperative model that addresses Thailand’s system-
level challenges.

1. Customer Segments were defined based on
demographic data and clinical trends indicating a growing
proportion of surgical patients who are frail older adults.
The role of family members and caregivers was also
emphasized, as they are central to decision-making and
transitions across care settings.

2. Value Proposition emerged from clear unmet
clinical needs in this population—specifically, the need
for safer surgery, fewer complications (e.g., delirium,
postoperative cognitive dysfunction or postoperative
pulmonary complication), better functional recovery,
and long-term independence. Additional value lies in
interdisciplinary teamwork and alignment with educational
and routine service activities.

3. Channels were identified by examining current
points of care delivery (e.g., pre-anesthesia clinics) and by
integrating feasible innovations such as prehabilitation
units, digital frailty screening tools, and telemedicine
follow-up.

4. Customer Relationships reflected the need for
longitudinal patient-family engagement, including
preoperative counseling, shared decision-making,
education, expectation setting, and continuity through
discharge planning.

5. Revenue Streams were shaped by the economic
challenges of elderly care, with potential cost savings
from fewer complications and shorter length of stay.
Future revenue may also come from reimbursement of
comprehensive geriatric assessment (CGA), prehabilitation,
and telehealth-supported postoperative care.

6. Key Resources included both degree and non-
degree—trained anesthesiologists in geriatrics or perioperative
medicine, interdisciplinary teams, validated screening

instruments, clinical practice guidelines, and digital
platforms to support service delivery and monitoring.

7. Key Activities were drawn from evidence-based
perioperative practices, including frailty screening and
CGA, interdisciplinary prehabilitation, geriatric-informed
anesthesia, delirium prevention, early mobilization, and
structured transitional care with follow-up.

8. Key Partnerships were identified across multiple
levels: clinical (e.g., anesthesiologists, geriatricians),
institutional (e.g., medical societies), policy and payers
(e.g., National Health Security Office; NHSO, Social
Security Scheme; SSS), care continuum (e.g., transitional
and home-based services), academic (e.g., university
centers), and technology providers supporting digital
health integration.

9. Cost Structure was based on the initial investment
required for workforce development and IT systems,
balanced by long-term savings through reduced postoperative
complications, readmissions, and functional decline.

Within this review, the BMC is first applied to
map the current Thai perioperative ecosystem and then
used to prioritize service innovations. The resulting
blueprint supports strategic alignment by integrating
interdisciplinary teamwork, shared decision-making
among providers, patients, and families, and coordinated
transitions to consistently deliver a value-based care
model. This approach ensures that every component
contributes to function-targeted, person-centered surgical
outcomes.

Comparative Analysis (Thailand vs Singapore, UK,
US)”HZ

The Start-to-Finish model at Khoo Teck Puat
Hospital (KTPH) in Singapore is a pioneering example
of integrated perioperative care for frail older adults.
This phase-based, transdisciplinary pathway couples
structured prehabilitation, early family engagement,
and coordinated rehabilitation stretching from initial
assessment to community re-entry.

Guy’s and St Thomas’ NHS Foundation Trust in the
United Kingdom developed Proactive Care of Older People
Undergoing Surgery (POPS). This geriatrician-led model
provides CGA across elective and emergency pathways,
with ward-based multidisciplinary team meetings and
structured discharge planning.

Duke University’s Perioperative Optimization
of Senior Health (POSH) in the United States is an
interdisciplinary pathway for high-risk older adults
that, through early CGA, shared decision-making, and
coordinated perioperative planning, lowers postoperative
complications, length of stay, and costs. POSH aligns with
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TABLE 1. Anesthesiologist-Led Model for Perioperative Geriatric Care in Frailty using Business Model Canvas

BMC Domain

1. Customer Segments

2. Value Proposition

3. Channels

4. Customer Relationships

5. Revenue Streams

6. Key Resources

7. Key Activities

8. Key Partnerships

9. Cost Structure

Targeted Redesign for Frailty-Focused Perioperative Model

1. Frail older adults scheduled for elective or high-risk procedure
2. Families or caregivers involved in decision-making and supporting transitions across care
settings

1. Provide safe and person-centered surgical care for frail older adults by using frailty-based
decision-making, aiming to reduce complications such as delirium, support functional
recovery, and help patients maintain independence.

2. Working as an interdisciplinary team and planning for care transitions.

3. Integration with education and routine service activity such as interdisciplinary case
conferences or postoperative care pathways

1. Pre-anesthesia clinic
2. Prehabilitation units
3. Digital screening platforms and telemedicine follow-up

Longitudinal engagement with older patients and families through preoperative counselling,
shared decision-making, education, and expectation setting, with continuity of care
extended through discharge planning

Cost savings from fewer complications and shorter hospital stays, with future revenue
potential from value-based payment for the comprehensive geriatric assessment (CGA) and
interventions, prehabilitation and post-operative care through telehealth

1. Anesthesiologists trained in geriatric medicine, gerontology, or perioperative medicine
(formal degree programs such as diplomas, master's, or PhDs.)

2. Frontline specialists, including attending geriatricians and anesthesiologists (non-degree
programs such as short courses, workshops, or certificate programs)

3.Human resources to support coordinated and interdisciplinary care such as nurses,
psychologists and rehabilitation specialists

4. National and international clinical practice guidelines

5. Validated frailty screening tools and CGA instruments

6. Digital platforms and telehealth/ telemedicine

1. Systematic frailty screening and CGA

2. Interdisciplinary prehabilitation interventions including medication review, nutrition
counselling, exercise prescribing, and psychological preparation

3. Geriatric-informed anesthesia and pain management; delirium prevention protocols;
early mobilization and rehabilitation

4. Coordination of transitional care with structured postoperative follow-up

Multilevel coordination:

» Clinical Partners: Anesthesiologists, geriatricians, surgeons, rehabilitation specialists,
family medicine, nutritionists, pharmacists, mental health providers, social workers
and educators

* [nstitutional Partners: Ministry of Public Health, Royal College of Anesthesiologists of
Thailand, Royal College of Surgeons of Thailand, Thai Gerontology and Geriatric
Medicine Society and Royal College of Physicians of Thailand

» Payers and Policy Stakeholders: Universal Coverage Scheme (UCS), Social Security
Scheme (SSS) and Civil Servant Medical Benefit Scheme (CSMBS) for
reimbursement and coverage alignment

» Care Continuum Partners: Community-based facilities such as Primary Health Care
(PHC), transitional care teams, intermediate care (IMC) and home healthcare services

» Academic and Training Institutions: University hospitals and academic centers for
workforce development, research, and innovation pilots

» Technology Partners: Digital health providers and information technology (IT)
platforms supporting frailty screening, CGA documentation, and outcome tracking

1. Initial investment in workforce upskilling, care coordination

2. 1T infrastructure

3. Long-term savings through improved outcomes such as reduced readmission, fewer
complications, and sustained independence post-surgery
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national quality programs—most notably, the American
College of Surgeons (ACS) Geriatric Surgery Verification
Program—and provides a scalable template for high-
value, personalized surgery.

Thailand’s perioperative services remain fragmented:
CGA access is limited, prehabilitation infrastructure
underdeveloped, and postoperative rehabilitation and
discharge coordination inconsistent. This is consistent
with findings from national data and local studies,
including those at Siriraj Hospital, which highlight the
high prevalence of geriatric syndromes and gaps in service
coordination in older populations." Pilot testing a hybrid
Thai model that fuses best-practice elements is warranted.
Essential pillars include early CGA led by geriatricians
or trained anesthesiologists, structured prehabilitation
embedded in tertiary centers, and postoperative discharge
pathways linking surgical wards to rehabilitation units
and community health services.

Adopting the POSH framework would permit phased
scaling according to workforce capacity and existing
resources. Alignment with the National Elderly Health
Strategic Plan could enhance surgical safety, curb delirium,
and accelerate functional recovery. Implementation
should start within tertiary or university hospitals, harness
workforce-development programs, and synchronize with
the Thai Elderly Health Policy. Subsequent collaboration
with the National Health Security Office could embed the
model in the Universal Coverage Scheme (a government
health insurance program) and secure equitable, value-
based surgical care for older adults nationwide.

The expanding role of anesthesiologists in perioperative
geriatric care

Anesthesiologists are moving beyond intraoperative
management to oversee the entire perioperative continuum
for frail older adults, a population whose surgical courses are
increasingly complex. Their deep expertise in physiology,
pharmacology, and perioperative risk positions them
to coordinate multidisciplinary strategies that reduce
surgical risk and enhance functional resilience. In models
such as Start-to-Finish in Singapore, POPS in the United
Kingdom, and POSH in the United States, anesthesiologists
collaborate with geriatricians and interdisciplinary teams
to implement frailty-adapted protocols—among them
EEG-guided anesthesia, opioid-sparing analgesia, and
intraoperative hemodynamic optimization. They also
contribute to early frailty screening and CGA, customizing
perioperative trajectories to each patient’s cognitive,
nutritional, and functional profiles.

Postoperatively, anesthesiologists maintain continuity
by translating intraoperative events into recovery targets

and discharge plans. Their participation in transitional-
care pathways, along with coordination with primary-
care or community rehabilitation services, facilitates safe
reintegration and sustained functional independence.
Positioning anesthesiologists as perioperative leaders
enhances patient safety, preserves independence, and
advances patient-centered outcomes. Their active
involvement throughout the perioperative timeline
supports a proactive model of care—one urgently needed
as Thailand enters an aged society with rising demand
for integrated, frailty-informed surgical services.

System-Level Implications for Thailand

To embed anesthesiologists as perioperative geriatric
leaders, Thailand must pair workforce up-skilling with
structural redesign of surgical services. Training curricula
for anesthesiology residents and continuing professional
education should be updated to include core competencies
in geriatrics, frailty assessment, prehabilitation planning,
and postoperative recovery management. Institutions such
as Siriraj Hospital and other academic medical centers
can pilot collaborative perioperative care for frail patients,
generate local data, and provide interprofessional training
that bridges anesthesiology with geriatric principles.
National adoption of this integrated framework would
improve outcomes for older adults and redefine the role
of anesthesiologists as clinical leaders in perioperative
geriatric care, aligning surgery with broader aging and
surgical-safety initiatives. Embedding anesthesiology
within broader geriatric and surgical-safety initiatives
would shift the system toward proactive, efficient, patient-
centered care.

Proposed 4-phase continuum of perioperative care
for frailty

Their expertise in risk stratification, intraoperative
management, and postoperative recovery positions
anesthesiologists to coordinate multidisciplinary efforts
tailored to frail older adults. We propose a 4-phase, 24-
week continuum—12 weeks preoperative and 12 weeks
postoperative—that builds physiologic reserve, forestalls
complications, and restores cognitive and physical function.
This approach aligns with evidence-based practices that
emphasize early identification of frailty and targeted
interventions. Roles for anesthesiologists within each
phase are depicted in Fig 1."'

Phase 1 — Preoperative optimization
Anesthesiologists lead comprehensive risk stratification

for older surgical candidates, incorporating frailty screening,

multimorbidity profiling, polypharmacy review, and
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ANESTHESIOLOGIST’'S ROLE
IN 4-PHASE PERIOPERATIVE CARE

Phase 1
Preoperative

Optimization
{week -12 to 0)

Objective
Minimize physiologic
stress and intraoperative
complications
Key Activities
* Deliver vigilant
intraoperative care,
including delirium-
awareness protocols,
hemodynamic
stabilization,
hypothermia
prevention, and
rational blood
management
Ensure effective
communication of
intracperative events
to the postoperative
care team

Objective
Enhance patient
readiness and support
shared decision-making
Key Activities

* Lead perioperative
risk stratification (e.g.,
frailty, cognition,
comorbidities)

* Facilitate referrals to
geriatrics,
rehabilitation,
psychiatry, and
nutrition services

* Tailor anesthesia
plans based on
frailty status and
patient goals

Phase 4
Community
leintegration and

" Functional
Menitoring
A +6 to + 12)

Objective
Promote early recovery
and prevent functional

Objective
Sustain recovery and

decline prevent readmission or
Key Activities institutionalization
* Coordinate recovery Key Activities
kolindaand « Facilitate linkage to
transitional care (e.g., 8
. community care
pain control,

resources e.g.
physical therapy
Ensure follow-up
via telemedicine/in-
person visits
Evaluate patient

delirium/MACE
surveillance, rehab
needs)

* Resume and optimize
medications based on
patient status

* Oversee outcomes to inform
postoperative and refine future
discharge handoff and

care pathways
follow-up protocols

Fig 1. The proposed 4-phases of the anesthesiologist-led model of integrated perioperative care.

Abbreviation: MACE, major adverse cardiac event

functional-cognitive appraisal to craft patient-specific
perioperative plans. Early referral to a comprehensive
prehabilitation clinic is pivotal; nutrition screening
and supplementation, tailored exercise programs,
and physiotherapy strengthen functional reserve and
reduce postoperative complications. Optimization also
requires identification and management of anemia,
because both anemia and perioperative transfusion are
associated with increased morbidity and mortality. For
procedures expected to lose > 500 mL of blood, patients
must undergo preoperative hemoglobin evaluation;
iron-deficiency cases should receive prompt replacement
therapy. In older orthopedic populations, maintaining
preoperative hemoglobin > 12.0 g/dL reduces transfusion
requirements and improves outcomes. This integrated,
anesthesiologist-driven approach advances perioperative
safety and recovery for frail older adults."”"*

Phase 2 — Intraoperative management for frailty'**

In frail older adults, intraoperative care must attenuate
physiologic stress and forestall complications. First, apply
delirium-mitigation protocols: avoid benzodiazepines,
correct anemia or electrolyte derangements, maintain
normotension and normoxia, and use processed

electroencephalography monitoring, which lowers
postoperative delirium rates and shortens length of stay.
Second, sustain hemodynamic stability to preserve organ
perfusion and minimize the risk of organ dysfunction in
patients with limited physiologic reserve. Third, apply
continuous active warming throughout the perioperative
period because impaired thermoregulation increases
vulnerability to cold-related complications. Together,
these targeted interventions safeguard cognition and
protect end-organ function.

Phase 3 — Recovery and surveillance

During the immediate postoperative period,
anesthesiologists contribute significantly to recovery
and surveillance, particularly for frail older adults at
elevated risk for complications. They monitor for geriatric
syndromes—such as postoperative delirium, pain-related
agitation, and functional decline—to guide individualized
care. Collaboration with surgeons, nurses, and geriatricians
enables anesthesiologists to deliver multimodal, opioid-
sparing analgesia that minimizes adverse effects and
supports early mobilization. By tracking clinical trajectories
and adjusting goals of care, they identify patients who
may benefit from step-down geriatric co-management or
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extended rehabilitation in intermediate-care settings. Early
detection of deterioration permits timely interventions
that support safe recovery.

Phase 4 — Community reintegration and functional
monitoring

Following hospital discharge, anesthesiologists trained
in perioperative medicine can extend their role into the
post-acute phase by supporting coordinated transitions and
ongoing functional recovery. Their responsibilities include
reviewing postoperative progress, identifying residual
impairments, and facilitating connections to community
rehabilitation, home-based services, and primary care
providers. Functional reassessment—conducted through
structured in-person visits or telemedicine—enables
anesthesiologists to monitor key recovery milestones
and support sustained mobility, cognitive health, and
independence. In collaboration with multidisciplinary
teams, they contribute to individualized recovery plans that

bridge the transition from hospital to home. Implementing
this phase requires substantial resources, infrastructure,
and coordinated networks—elements still developing
in Thailand’s health system—but it remains critical
to lowering readmissions and promoting long-term
functional outcomes for frail older adults.

When should anesthesiologists involve other specialists
in geriatric surgical care?

Timely, coordinated specialist involvement is essential
to mitigate perioperative risk and optimize recovery in
frail older adults. Table 2 outlines key scenarios in which
anesthesiologists should involve multidisciplinary partners
to deliver personalized, evidence-informed care for older
adults undergoing surgery, based on vulnerabilities
identified during preoperative assessment.

Referral should ideally be placed 4-12 weeks
before surgery, allowing sufficient time for nutrition-
centered and exercise-based prehabilitation. A positive

TABLE 2. Multidisciplinary partner consultations: triggers and expected roles.

Key Triggers / Indications

Primary Role in Perioperative Care

Specialists Timing of Involvement

Geriatrician 24 weeks preop
(immediately after
frailty is identified)

Cardiologist Preop clinic (if cardiac

risk is high or unstable)

Nutritionist/ >2-4 weeks preop

Dietitian

Rehabilitation
Specialists

24 weeks preop

Pharmacist
medication review

Mental Health
Provider /
Psychologist

During CGA or preop

Preop if concern arises

Frailty, cognitive impairment,
multimorbidity, polypharmacy

Heart failure, valvular disease,
ischemic heart disease, arrhythmias,
poor functional capacity

Malnutrition (e.g., low BMI,
weight loss), sarcopenia,
hypoalbuminemia

Poor mobility, slow gait speed,
falls, ADL/IADL dependence,
oromotor problems

Polypharmacy (>5 meds),
potentially inappropriate
medications (e.g.,
benzodiazepines, anticholinergics)

Depression, anxiety, fear of
surgery, baseline cognition,

Conduct CGA, optimize comorbidities,
lead shared decision-making, support
goal-of-care alignment

Stratify cardiac risk, adjust
medications, guide perioperative
monitoring

Nutritional screening, oral
supplementation, dietary planning for
recovery

Prescribe exercise and mobility plan,
enhance endurance and strength,
prevent functional decline, swallowing
intervention

Reconcile medications, deprescribe as
needed, optimize drug regimens for
changes in age-related physiology

Supportive counselling, optimize
mental health, assist in delirium risk
reduction

Abbreviations: ADL, activities of daily living; CGA, comprehensive geriatric assessment; IADL, instrumental activities of daily living; OT,

occupational therapy; PT, physical therapy
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frailty screen serves as an automatic trigger for prompt
consultation with geriatrics, rehabilitation, nutrition, and
allied-health teams. Finally, anesthesiologists must align
intraoperative strategies with each patient’s functional
capacity, comorbidity profile, care goals, and discharge
plan to ensure seamless, goal-concordant management.

System-level strategy and support for Thailand

Embedding a geriatric-sensitive perioperative model
in Thailand demands synchronized system reform and
targeted workforce development. Academic flagships—
for example, Siriraj Hospital—should pioneer dedicated
perioperative geriatric-anesthesia tracks that teach frailty-
based decision making, interdisciplinary collaboration, and
transition-of-care design. Integrating these competencies
into residency curricula and buttressing them with
purpose-built multidisciplinary teams will create the
infrastructure for durable change.

Thai health systems should prioritize 4 actions:

* Provide foundational geriatric training for
anesthesiologists through short courses, workshops,
certificate programs, or formal diploma, master’s, or
PhD pathways covering frailty syndromes, cognitive
vulnerability, pharmacologic sensitivity, and collaborative
care models.

* Embed cross-disciplinary expertise in preoperative
optimization and postoperative recovery by routinely
involving geriatricians, rehabilitation specialists, psychiatrists,
dietitians, pharmacists, psychologists, and case managers.

* Elevate anesthesiologists to co-lead development of
postoperative pathways centered on delirium prevention,
early mobilization, and age-appropriate analgesia.

* Forge formal partnerships with transitional-
care services to synchronize discharge planning and
link surgical wards to intermediate-care facilities and
community or primary-care networks.

At the policy level, the Ministry of Public Health
should promulgate national guidelines and reimbursement
levers for systematic frailty screening, comprehensive
geriatric assessment (CGA), and structured prehabilitation.
In parallel, tertiary academic centers such as Siriraj
Hospital can act as national demonstration sites to pilot
and scale these innovations, enabling Thailand to deliver
high-quality, function-preserving surgical care to its
aging population.

Strategic policy recommendations
Thailand’s entry into an aged society necessitates
urgent reform of perioperative care systems, especially

Review Article S M]

for frail older adults. Existing procedure-centric models
are fragmented and ill equipped to handle the intertwined
biologic, cognitive, and social vulnerabilities of frailty.
Using the Business Model Canvas and comparative
analysis of international models—such as Start-to-Finish
in Singapore, POPS in the United Kingdom, and POSH
in the United States—this review identified the absence
of structured prehabilitation, limited multidisciplinary
coordination, and insufficient continuity of care.
Anesthesiologists are strategically positioned to drive
this transformation. Their role across the perioperative
continuum—from preoperative risk stratification to
intraoperative management and postoperative planning—
places them at the intersection of clinical decision-making
and system redesign. With geriatric up-skilling and
expanded leadership, they can institute frailty screening,
steer shared decision making, and coordinate the 24-
week, 4-phase pathway proposed herein. The proposed
4-phase integrated model provides a clear roadmap for
redesigning surgical services around function preservation,
patient-centered goals, and seamless care transitions.

A Step-by-step approach to strategic deployment

* Develop National Guidelines for Perioperative
Frailty Care

Standardize validated screening instruments—
Clinical Frailty Scale, FRAIL Scale, Frailty Index—and
make frailty assessment mandatory for every surgical
candidate > 65 years during preoperative evaluation.”"**

* Establish Prehabilitation and Postoperative Recovery
Clinics

Create multidisciplinary prehabilitation units in tertiary
centers to optimize functional status preoperatively, then
integrate preoperative optimization with postoperative
rehabilitation and home-reintegration pathways.***

* Create a Perioperative Medicine Track Within
Anesthesiology

Embed geriatrics, comprehensive geriatric assessment
(CGA), and transition-of-care design in residency and
continuing-education curricula; define anesthesiologist-
led pathways tailored to frail surgical populations.

* Incentivize Multidisciplinary, Longitudinal Care

Implement reimbursement mechanisms for CGA,
multidisciplinary-team conferences, and structured
post-discharge follow-up; fund pilot programs linking
surgical wards to intermediate-care and community-
based services.
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* Invest in Digital Infrastructure and Outcome
Tracking

Build electronic-health-record-integrated frailty
registries and real-time surgical risk dashboards that
track postoperative mobility, cognition, independence,
and 30-day readmissions.

To evaluate this model in practice, pilot testing
in tertiary hospitals is recommended. Key outcomes
could include rates of complications (such as delirium),
hospital length of stay, 30-day readmissions, and patients’
functional recovery. Process measures—like how often
frailty screening or CGA are completed—can help monitor
how well the model is applied. To test whether the model
is reliable and appropriate for wider use, methods such
as expert reviews, small-scale feasibility studies, and
real-world feedback from healthcare teams can be used.

CONCLUSION
A Vision Forward

Transforming perioperative care for frail older
adults requires sustained system redesign, not a single
intervention. With anesthesiologist leadership aligned to
Thailand’s aging-health agenda, the nation can become
a regional exemplar of safe, function-preserving, and
person-centered surgery. The evidence is compelling, the
models are validated, and the imperative is immediate.
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ABSTRACT

Perioperative hypothermia (PH) is a common concern in neonates and infants, and neonates are more than
twice as likely to develop hypothermia due to their unique physiological characteristics. Combined with the effects
of anesthetic drugs, these factors make them particularly susceptible to heat loss. Despite the implementation of
effective warming methods, maintaining normothermia in this vulnerable population remains challenging.

Several guidelines tailored to specific hospitals and institutions aimed to emphasize the importance of
preoperative risk stratification, prewarming, intraoperative warming, temperature monitoring, and maintaining an
optimal ambient temperature. Early detection of hypothermia through effective temperature monitoring throughout
the perioperative period is crucial. Combining the use of warming devices with specific techniques is more effective

in reducing perioperative hypothermia.

758-767)

This article highlights recent updates in monitoring and warming strategies, comparing the advantages and
disadvantages of different approaches, and reviews the guidelines designed to prevent perioperative hypothermia
in neonates and infants in order to optimize surgical outcomes.

Keywords: Perioperative hypothermia; pediatric; anesthesia; guideline; warming methods (Siriraj Med ] 2025; 77:

INTRODUCTION

Perioperative hypothermia, defined as a core body
temperature below 36.5°C in children up to five years
of age and below 36°C for children older than five years
during the perioperative period', is a common concern
among neonates and infants, as these age groups are
particularly susceptible due to their unique physiological
and anatomical features. Compared to older children and
adults, they are at a significantly higher risk of developing
perioperative hypothermia.

The incidence of perioperative hypothermia was
reported in 82.83% of neonates and 38.31% of infants’,
while intraoperative hypothermia occurred in 54%° of
patients. Despite efforts to monitor, detect, and implement
interventions, the incidence of neonates and young
children developing perioperative hypothermia remains
high. This article highlights recent updates on monitoring,
warming strategies, and the implementation of guidelines
to prevent perioperative hypothermia in neonates and
infants in order to optimize surgical outcomes.

Complications of perioperative hypothermia

Perioperative hypothermia in neonates and infants
can ultimately lead to serious complications across multiple
systems, as reported in Table 1.

Pathophysiology

Pediatric patients are particularly prone to developing
perioperative hypothermia due to their unique physiological
characteristics. Compared to adults, they have a larger body
surface area-to-weight ratio, immature thermoregulation,

and lower thermal insulation due to reduced subcutaneous
fat. Asaresult, they lose heat primarily through conduction
and radiation. In infants, non-shivering thermogenesis
plays a dominant role in heat production, defined as
an increase in metabolic heat production regardless of
associated muscle activity. Brown fat, commonly located
at the nape of the neck, interscapular region, axillae, and
groin and around the kidneys and adrenals, results in
double heat production in children up to 2 years of age.

Heat is produced from the aerobic metabolism of
body cells, with skeletal muscles and the heart being the
primary sources during physical activity. At rest, heat
production comes mainly from the kidneys, brain, and
liver. In response to exposure to cold, the body typically
increases heat production through physical activity and
shivering.

Effects of anesthesia on thermoregulation

General anesthesia

General anesthesia commonly causes hypothermia
by increasing heat loss and suppressing heat production,
resulting in significantly impaired thermoregulation which
leads to an imbalance between heat gain and heat loss.
Radiation is the most significant source of heat loss in
pediatric patients (40%), followed by convection (30%),
evaporation (25%), and conduction (5%)." The overall
physiological changes during general anesthesia include:
(1) Abolition of behavioral responses, leaving only
autonomic defenses. (2) Expansion of the interthreshold
range, the temperature difference between the onset of
vasoconstriction and the initiation of shivering, from 0.4°C
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TABLE 1. Complications of perioperative hypothermia.

Systems Complications

Respiratory system
Cardiovascular system
Central nervous system

Endocrine system
acidosis

Other

Hypoxia, respiratory depression and apnea, decreased surfactant synthesis
Persistent pulmonary hypertension, right-to-left shunting
Additional risk factor for brain injury

Impaired glucose uptake, hypoglycemia, increased noradrenaline release, and metabolic

Thermal discomfort, shivering, decreased tissue perfusion leading to increased risk of

surgical site infection, increased transfusion requirement, and longer length of hospital stay

t04°C, combined with an immature thermoregulatory center
in neonates and infants, increases their susceptibility to
develop hypothermia during anesthesia.” (3) Reduction in
vasoconstriction and shivering thresholds, consequently,
these thermoregulatory responses are triggered at higher
core temperatures than usual, and may disrupt normal
temperature regulation. (4) Alteration of the sweating
threshold, most anesthetics increase the sweating threshold
in a concentration-dependent manner. Conversely,
midazolam tends to decrease the sweating threshold and
reduces the vasoconstriction threshold.” (5) Systemic
vasodilation and (6) Catecholamine reduction. However,
sufficient stress levels can still activate autonomic defenses.

Neuraxial anesthesia effects on thermoregulation

Regional anesthesia affects thermoregulation by
inhibiting peripheral vasoconstriction and shivering
in blocked areas below the level of the blockade’, which
prevents patients from achieving a steady thermal state.
Compared to general anesthesia, patients undergoing
general or regional anesthesia face an equally significant
risk of developing hypothermia® and the combination
of both anesthetic techniques results in the most heat
loss.*

Risk factors for developing PH

(1) Age Neonates experience hypothermia significantly
more often than older infants as they have an increased
body surface-to-weight ratio. (2) Lower body weight
(3) Prematurity (4) Longer duration of surgery Temperature
decrease during the redistribution phase to linear
phase, taking up to 3 hours before continuing steadily
in the plateau phase in the next hours after induction.’
(5) Lower baseline temperature Temperature before
induction of anesthesia lower than 36.5°C is known
to have greater risk of perioperative hypothermia.’

(6) Greater blood loss’ and transfusion rate’ (7)
More fluid administered Infusion of a volume of fluid
greater than half a liter contributes to intraoperative
hypothermia (8) Lack of prewarming measures (9) Major
surgery Invasive procedures, i.e. major surgery, were
at greater risk compared to non-invasive procedures.
Some specific types of surgery are also associated with
a greater risk of developing hypothermia, including
bronchoscopy, burn surgery, cystoscopy, hypospadias,
mastoidectomy, neurosurgery, thoracic, squint surgery,
esophagoduodenoscopy, and colonoscopy.” (10) Choice
of anesthesia Patients are at an equal risk of developing
hypothermia in both general anesthesia and regional
anesthesia, with combined techniques accounting for the
greatest heat loss. (11) Lower operating room temperature

Updates in monitoring sites and devices

The optimal period for perioperative temperature
monitoring, together with the appropriate sites and
devices, plays a key role in determining whether patients
develop hypothermia or hyperthermia, which could
possibly lead to serious events.

Sites

* Core temperature monitoring sites include the
nasopharynx, distal esophagus, tympanic membrane,
pulmonary artery, and rectum.

* The esophageal temperature has limitations, as it
has been shown to increase significantly during ventilation
with warmed and /or humidified respiratory gases.’

* For all patients 2 years and under and those at
high risk for hypothermia, temperature should only be
monitored via rectal probe, to a maximum depth of 2
cm, or by esophageal probe or nasopharyngeal probe."’

* Skin temperature is not an acceptable means
of measuring temperature and should only be used in
specific cases determined by the anesthesiologist.”"’
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TABLE 2. Active warming devices.

Active warming devices Details

Forced air warmer Advantages
Rapid distribution of heat
Easy to use

Does not require direct skin contact
Disposable blanket
More effective than a water-circulating mattress
Reduces the incidence of post-anesthetic shivering
Disadvantages
Loud noise
Bacteria could potentially be introduced into the surgical field
Still a limited supply in some specific countries
Could be unsuitable for young, awake children
Suggestion
Should be considered only for pediatric patients with a baseline temperature
below 36°C with the presence of a caregiver in the induction room
Water-circulating mattress Requires significantly less time to warm hypothermic patients, compared

with forced air warmer
Inferior to both resistive heating blanket and forced air warmer

Intravenous blood-fluid warming As effective as forced air warmers in adults
Combined with the warming blankets, showed the shortest rewarming time

Overhead radiant heater Inexpensive and effective
Significantly increase insensible water loss

Resistive heating blanket As effective as the forced air warmer
Non-inferior to radiant warmer in short-term use

TABLE 3. Passive warming devices.

Passive warming devices Details

Head caps and thermal hats Plastic caps are more effective than cotton caps
Combined with overhead warmers, can effectively reduce hypothermia in neonates

Warm blankets Reduce conductive heat loss to the operating table
Patients should be covered during sterile prep and exposed for the minimum time as
necessary
Heat-moisture exchangers Lightweight
Easy-to-use

Cost-effective

Provide sufficient humidity to prevent tracheal damage

Increase dead space

Increase airway resistance results in greater inspiratory workload

Increase intrinsic PEEP

Limited in patients with secretions, variable minute ventilation, have large air leaks,
and increased airway resistance

Warm irrigation fluids Prevent conductive heat loss
Should be warmed to 37°- 38°C, or 38°C-40°C and no more than 50°C

Abbreviation: PEEP; Positive end-expiratory pressure
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* Axillary temperature is close to core temperature
and appears to be an acceptable alternative to rectal/
oral temperature measurements in children'' possibly
minimizing discomfort, potential risk of perforation'’
and can reasonably be used for most patients recovering
from anesthesia. However, some studies revealed that it
does not accurately represent the oral/rectal temperatures
and should therefore be interpreted with caution.”

Timing

* Generally, if the operative time is expected to
last 30 minutes or longer, the patient’s temperature
should be documented, and her temperature should be
monitored preoperatively before induction as a baseline
temperature®'’, specifically, 1 hour before surgery and then
every 30 minutes until the end of the surgery.
2 years and younger and those at risk for hypothermia

should have the core temperature documented every 15
10

1415 Patients

minutes.

* Ifthe preoperative baseline temperature is below
36°C, the temperature should be checked every 15 minutes
until the temperature reaches 36°C or greater."’

* Continuous intraoperative monitoring should
be considered, especially in surgeries that exceed 60
minutes. In children at risk, they should also receive
intraoperative active warming in conjunction with
continuous temperature monitoring.’

Devices

Thermistors and Thermocouples

Both thermistors and thermocouples are temperature-
sensing devices. However, thermistors are more sensitive
and capable of detecting smaller temperature changes,
whereas thermocouples have a wider temperature range.
Both devices produce a continuous, rapid response, are
sufficiently accurate for clinical use, and are inexpensive
enough to be disposable. However, thermistors require
calibration and may not be reproducible, and thermocouples
could be too complicated.'®

Infrared

Infrared thermometers offer rapid and noninvasive
usage, application of the device to temporal and mid-
forehead sites causes only minimal disturbance in
neonates. They are most commonly used to measure
temperature through the tympanic membrane or forehead,
but they can be used on any part of the body surface.'
However, infrared thermometers are subject to variable
accuracy as environmental factors can interfere with
measurement’, require calibration during thermometer
use, and could also be expensive.'® Whether infrared

signals obtained from the tympanic membrane truly
reflect core temperature remains debatable. Earphone-
type infrared tympanic thermometers have been proposed
for reliable, continuous intraoperative core temperature
monitoring.'” However, “tympanic membrane” systems
essentially measure aural canal skin temperature and often
provide poor estimates of core temperature, as none of
the tested devices has demonstrated sufficient accuracy
or precision for perioperative use.'* This limitation may
stem from the anatomical challenge of reaching the
tympanic membrane.' In practice, probes are frequently
not inserted deeply enough, resulting in measurement of
the canal’s skin temperature rather than the membrane’s.”
Notably, current data in pediatric populations remain
scarce.

Zero-Heat-Flux

Zero-heat-flux thermometers provide continuous,
noninvasive, and reliable core temperature monitoring
under hypothermic and normothermic conditions.” Sang
et al. reported that the 3M™ SpotOn™ sensor was closely
correlated with esophageal temperatures in pediatric
patients and could serve as a noninvasive alternative to
pulmonary catheter monitoring.”

Recommended warming devices and methods to prevent
PH in each perioperative

Period-- based on guidelines

The physiological characteristics of children make
them particularly vulnerable to heat loss and more
susceptible to hypothermia. Therefore, the implementation
of effective hypothermia prevention methods is crucial
from preoperative care to postoperative recovery on
the wards. In this section, we review and summarize
guidelines from multiple studies that focused on patient
temperature during the perioperative period.

Preoperative period
Before and during transport to the operating
theater
During transportation, heat supply and maintenance
should be provided. Premature infants should be nursed
in an incubator (4) and infants less than 6 months of age
should wear a hat, preferably a plastic cap. Furthermore,
combining an incubator or overhead warmer with a
thermal hat provides greater effectiveness.”” All patients
should be kept warm with blankets and older children
should be encouraged to walk to the operating theater
if possible.
1. Risk stratification should be applied to all patients
undergoing surgery and anesthesia in order to identify

4,10,15
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patients at increased risk of developing hypothermia
using the following criteria:

* Expected duration of the procedure of more than
1 hour

* Age of 1 year or younger

Several types of surgery in pediatric patients were
found to be associated with the occurrence of PH, including
angiography, arthroscopic knee repair, anterior cruciate
ligament (ACL) reconstruction, bronchoscopy, burn surgery,
cystoscopy, hypospadias, mastoidectomy, neurosurgery,
thoracic, squint surgery, esophagoduodenoscopy, and
colonoscopy.”

According to the National Institute for Health and
Care Excellence (NICE) prevention of hypothermia
in adults guideline', these criteria could possibly be
adapted in the pediatric age group and in adults. Two
or more of the following should be considered high risk
of developing PH;

° American Society of Anesthesiologists (ASA)
grades2to 5

° Preoperative temperature below 36.0°C with
inadequate warming (could be due to clinical urgency
or emergency)

° Undergoing combined general and regional
anesthesia

° Undergoing major or intermediate surgery

° At risk of cardiovascular complications

Following risk stratification, pediatric patients at
risk should receive intraoperative active warming and
continuous temperature monitoring.*'*

2. Prewarming

Passive warming should be considered in all patients
undergoing anesthesia for more than 30 minutes.'* Place
a knit cap on the patient’s head and place the patient in
the OR warmer.

An incubator should be applied, but an active
thermal mattress should only be applied if the patient’s
temperature is below 37°C.”

3. Temperature monitoring

* Before transport from the ward, the axillary
temperature should be taken and kept between 36.3
and 37°C.”

* Baseline temperatures should be taken in all patients
preoperatively, specifically 1 hour before surgery'*'*, and
if the temperature is found to be below 36°C, it should
be checked every 15 minutes until the patient reaches
36 degrees Celsius or greater'’ then active warming
measures should be initiated in the ward and continued

throughout the surgical procedure.”"*

Review Article S M]

Intraoperative period

Intraoperative hypothermia, primarily occurring
after the induction period’, accounts for more than half
of perioperative hypothermia cases. The patient’s baseline
temperature should be maintained above 36°C before
the induction of anesthesia. If not, an active warming
should be applied for at least 30 minutes before induction
of anesthesia until achieving the desired temperature at
above 36°C, unless there is a need to expedite surgery
because of clinical urgency.'*"” Proper use of warming
devices is also crucial, and clinicians should be trained to
use the monitoring device properly and be aware of any
possible chance of developing complications. Optimal
operating room temperature should be maintained above
26°C, as an increase in operating room temperature by
1°C results in up to 10% reduction in heat loss.”’

Temperature monitoring

The axillary temperature should be taken immediately
upon arrival, before induction of anesthesia and then
every 30 minutes'’, at the end of the operation, and before
transport back to the NICU.* Additionally, Continuous
intraoperative monitoring should only be considered in
surgeries that exceed 60 minutes or in high-risk surgeries.”

Maintaining optimal ambient temperature

The maintenance of the ambient temperature plays a
crucial role in keeping patients in an optimal temperature
range. The ambient temperature in the operating room
should be maintained above 23°C* when the patient is not
draped. Specifically, for patients aged 1 year or younger,
the ambient temperature should be set at higher levels:
25°C for infants, 27°C for full-term newborns, and 29°C
for premature newborns.*"

Operating room temperature should not be adjusted
unless instructed by the anesthesiologist or surgeon."’
However, if the ambient temperature cannot be determined
or falls below 21°C, active warming should be considered.’

Warming methods

* Upon arrival in the OR, the patient should be
placed in the forced air warmer (3M™ Bair Hugger™)
and set at 42 degrees Celsius."’

* A thermal mattress or warming blanket should
be placed on the operating table. All irrigation fluids
should be warmed and plans to minimize fluid pooling
should be discussed before the start of the procedure."

* After surgery, before removing the drapes, room
temperature should be readjusted to 85°F (29.44 °C) and

the patient should be placed on OR warmer or Giraffe
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Omni-bed with shuttle, with a knit cap placed on the
patient’s head in conjunction with active warming."

¢ Sultanaetal. at KK Women’sand Children’s Hospital
in Singapore demonstrated the following guidelines:

° For temperatures below 36.0°C, forced air
warming will be applied.

° For temperatures between 36.0°C and 36.2°C,
warm blankets will be used for children, and radiant
warmers will be used for neonates and infants.

° For temperatures above 36.2°C, the patient can
proceed to surgery.’

Postoperative period

Warming methods

* Before transfer to PACU, patients should be
warmed with blankets, forced air warmers, and, if needed,
radiant bed warmers for patients 8 kg or less."

* The incubator or warmer should be plugged in
immediately and then switched to baby control mode.
The thermal mattress should be removed immediately,
unless axillary temperature is below 36.3°C."

* Passive warming using blankets and cotton sheets or
a duvet should be provided to keep the patient comfortably
Warm'10,14,l5

* Moreover, if the patient’s temperature is below
36°C, active warming using a forced-air warmer should
be applied until discharging from the recovery room or
until they are comfortably warm along with temperature
documented at least every 30 minutes during warming,'*'*"*

* Ambient room temperature in the PACU should
be maintained at 24°C or higher at all times."’

Temperature monitoring

* In the PACU, the patient’s temperature should
be recorded upon arrival, every 15 minutes, and before
discharge from the unit.'"'*"

* Axillary temperature should be documented
immediately upon arrival at the ward or NICU, and kept
between 36.3-37°C*, if it falls below 36.3°C, or above
37°C, rectal temperature should be monitored every 30
minutes until normothermic, and incubator temperature
should also be recorded.”

* Only discharge the patient from the PACU if the
patient’s temperature is above 36°C."*"

Pros, Cons, Comparison and Recommendations on
Warming Devices
Active warming devices
Forced air warmer (3M™Bair Hugger™)
Forced air warmer offers various advantages. It
distributes heat quickly, has disposable blankets, and does

not require direct skin contact. Compared to a water-
circulating mattress, a forced air warmer was found to
be more effective in preventing neonatal hypothermia
during intraabdominal operations” and in reducing
postanesthetic shivering.”

However, the use of a forced air warmer may introduce
bacteria into the surgical field, potentially increasing the
risk of surgical wound infection.” However, another
study reported that using a forced air warmer does not
cause nosocomial infections.” Moreover, this method
could be inappropriate for young, awake children; thus,
it should only be considered for pediatric patients with
a baseline temperature below 36°C with the presence of
a caregiver in the induction room.”

Water-circulating mattress

A Water-filled mattress warms the patient through
conduction with thermostatic control. Water-circulating
systems required significantlyless time to warm hypothermic
patients compared to forced-air systems.”

Intravenous blood-fluid warming

Rapid infusion of cold intravenous (I.V.) fluids could
induce hypothermia; therefore, it is recommended to apply
intravenous blood-fluid warming if not contraindicated."
In adults, intravenous fluids (500 ml or more) and blood
products should be warmed to 37°C", but the optimal
temperature is still unclear in small children. Compared to
forced air warmers, no statistically significant differences
were reported in terms of body temperature.” Furthermore,
the combination of warming blankets and pre-warmed
intravenous infusion showed the shortest rewarming
time.”

Incubators

Incubators offer effective temperature control and
reduce metabolic demand as much as heated water-filled
mattresses.’’

Overhead radiant heaters

A radiant heater uses infrared radiation to warm the
patient. Although this method appeared to be inexpensive
and effective, a significant increase in insensible water
loss in neonates has been reported.” The patient should
be closely monitored for signs of overheating and burns.

Resistive heating blanket

The resistive heating blanket consists of a polymer
fiber sheet that produces heat through and warms the
patient through conduction. It is as effective as the forced-
air warming system to maintain the core temperature
of the patient, and both are reported to be superior to
the circulating water mattress.”” The short-term use of
conductive thermal mattresses is not inferior to radiant
warmers to maintain body temperature.’
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Passive warming devices

Head caps and thermal hats

Especially in premature and newborn infants, plastic
caps should be considered as they are proven to be more
effective to prevent heat loss, compared to cotton caps.”
The combined use of thermal hats and overhead warmers
was also proven to be effective in reducing perioperative
hypothermia in neonatal patients.”

Warm blankets

Simple, affordable, and effective warming blankets
reduce conductive heat loss to the operating table. Patients
should also be covered with warm blankets. During the
sterile preparation, the patient should be exposed for
the minimum necessary time.'’ For infants undergoing
open abdominal surgery, waterproof draping is also
recommended.

Heat-moisture exchangers filters

Heat-moisture exchanger filters (HMEFs) are used
during general anesthesia to humidify and warm inspired
gases and to filtrate bacteria. These devices are lightweight,
easy to use, and cost-effective. Passive humidification
helps minimize body temperature loss, while active
humidification can increase the core temperature.*

However, HMEFs, also known as artificial noses,
can increase dead space, airway resistance, and intrinsic
positive end-expiratory pressure (PEEP), leading to
increased breathing work, particularly in infants.”

Warm irrigation fluids

Large amounts of irrigation fluids could potentially
cause conductive heat loss.”” Therefore, all intraoperative
irrigation fluids should be warmed in a thermostatically
controlled cabinet to 37° - 38°C*, or 38°C to 40°C'*"
but should not exceed 50°C."

After the implementation

Following their own guidelines, Sultana et al reported
that the incidence of PH decreased to 213 cases out of
1,766 patients analyzed (12.1%).” This rate was significantly
lower compared to the findings of Pearce et al. study
in 2010, which illustrated that out of 530 patients, 278
developed PH (52%).°

This suggests that tailored guidelines may eftectively
reduce the occurrence of perioperative hypothermia in
neonates and infants. However, further analysis of the
results and effectiveness of other guidelines is needed.

CONCLUSIONS

Perioperative hypothermia occurs in 20 to 86% of
pediatric surgeries, with neonates being more than twice
as likely to develop hypothermia compared to infants.
Despite the availability of effective warming methods,
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their unique physiological characteristics, combined with
the effects of anesthetic drugs, make them particularly
susceptible to temperature loss.

The guidelines emphasize the importance of preoperative
risk stratification, prewarming, intraoperative warming,
temperature monitoring, and maintaining an optimal
ambient temperature. Early detection of hypothermia
through effective temperature monitoring throughout
the perioperative period is crucial. Combining warming
devices and techniques is more effective than using a
single method to reduce PH.

Finally, the development of local guidelines tailored
to the available resources and cost effectiveness in different
countries and hospitals can help prevent perioperative
hypothermia and its complications, thus optimizing
postoperative outcomes.

Reflective questions

1. In the context of your hospital or institution, what
tailored guidelines can be implemented to effectively
reduce the incidence of perioperative hypothermia in
neonates and infants?

2. What is the optimal combination of anesthetic
agents to minimize the risk of intraoperative hypothermia?

3. How can monitoring techniques be enhanced
to detect early signs of perioperative hypothermia in
neonates and infants during surgery?
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