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Purpose: Obesity is associated with an elevated risk of hypoxemia during endoscopic procedures performed under anesthesia.
However, whether the sequence of drug administration — specifically the order of propofol and remifentanil — affects the incidence
of hypoxemia remains unclear. This study was designed to evaluate whether a novel administration sequence, in which propofol
precedes remifentanil, can decrease the incidence of hypoxemia in obese individuals during endoscopy.

Patients and Methods: This prospective, single center, randomized controlled clinical trial recruited 296 obese patients scheduled
for sedative/anesthesia gastroscopy prior to bariatric surgery. Patients were randomly assigned to either novel administration sequence
with propofol-remifentanil (P-R) group or conventional administration of remifentanil-propofol (R-P) group. The primary outcome
was the incidence of hypoxemia. Secondary outcomes included the lowest peripheral oxygen saturation (L-SpO,) during the
procedure, hemodynamic parameters at six time points, and additional perioperative events.

Results: 284 patients were included in the analysis with 142 in each group. Hypoxemia occurred in 22 patients (15.5%) in the P-R
group, and 42 patients (29.6%) in the R-P group (Relative Risk [RR], 1.44; 95% confidence interval [CI], 1.13 to 1.79; P = 0.007). The
L-SpO, during the procedure was significantly higher in the P-R group than in the R-P group (median [interquartile range, IQR],
94.0% [91.0 to 97.0] vs 93.0% [87.7 to 95.0]; P < 0.001). The P-R sequence technique was also associated with more stable
hemodynamic profiles, shorter induction time, the start of drug administration to scope insertion and recovery time, improved patient’s
satisfaction. Particularly, minimal respiratory depression was observed in subgroups such as body mass index (BMI) > 40 kg/m?.
Conclusion: Propofol first and followed by remifentanil administration sequence significantly decreased the incidence of hypoxemia
and increased the L-SpO, in obese patients for their anesthesia/sedation gastroscopy.

Clinical Trial Registration: ChiCTR2400084998.
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Introduction

Obesity is increasing worldwide and has become a major global public health concern. According to the World Obesity
Atlas 2025, the number of individuals affected by obesity is projected to 1.13 billion adults globally by 2030. ' Therefore,
effective treatment strategies for obesity are of major clinical importance. Bariatric surgery has been consistently
recognized as the most effective and durable treatment for obesity.>> Preoperative endoscopy is routinely recommended
before bariatric surgery because it can identify lesions or inflammatory conditions that may affect the choice of surgical
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technique, preoperative management, and the need for additional procedure. As a result, endoscopic evaluation has
become a routine practice prior to the bariatric surgery.*”’

At the present, most patients prefer to undergo endoscopic procedures under sedation.®'° For gastroscopy, sedation
with preservation of spontaneous breathing is considered safe and highly effective.!' Hypoxemia is the most common
sedation-related adverse event.® Previous studies have reported that the incidence of hypoxemia in patients with normal
body weight ranges from 1.8% to 69%.'? Obesity is associated with an increased risk of periprocedural apnea and

hypoxemia,®!!!13

with the incidence of severe hypoxemia reported to be nearly six times higher than that in individuals
with normal body mass index (BMI)."* In a study by Wang et al, the incidence of hypoxemia in obese patients with a
mean BMI of 29.9 kg/m? was 21.2%.'? Furthermore, for patients combined with STOP-Bang score > 5, the incidence of
hypoxemia has been reported to reach up to 54.6%."

In a previously published clinical study, the incidence of hypoxemia during sedation for gastroscopy in obese patients
with a median BMI of 39.2 kg/m? was 27.5% using the novel Li anesthetic protocol for obesity (LAPO).'® This finding
represented a meaningful reduction. Additionally, the median duration of anesthesia induction in obese patients was
relatively prolonged (114 s), which prompted consideration of the timing and overlap of drug peak effects. Remifentanil,
a synthetic opioid that acts directly on p-receptors, is characterized by a rapid onset and a short time to peak effect.'”
Following the traditional sequence of administering an analgesic prior to a sedative, remifentanil is typically given before
propofol.'®2° However, the approximately two-minute induction period may cause the peak analgesic effect of
remifentanil to occur earlier than the point at which gastric stimulation is most intense. Consequently, the analgesic
effect from the initial remifentanil dose may be attenuated or no longer present at the time of greatest procedural
stimulus. To date, no studies have yet evaluated the impact of the drug administration sequence — whether propofol is
administered before or after remifentanil — on sedation outcomes in obese patients undergoing gastroscopy.

The aim of this study was to determine whether the sequence of anesthetic administration influences the efficacy of
sedation/anesthesia in obese patients undergoing gastroscopy. It was hypothesized that administration of propofol
followed by remifentanil would reduce the incidence of hypoxemia during sedation/anesthesia for gastroscopy, compared
with the conventional administration of remifentanil followed by propofol.

Materials and Methods
Ethics and Trial Registration

This prospective, single-center, single-blind randomized controlled study was approved by the Scientific Research Ethics
Committee of the First Affiliated Hospital of Jinan University (Ethics Number: KY-2024-066) and registered with the
Chinese Clinical Trial Registry (ChiCTR2400084998). Eligible participants provided informed consent prior to rando-
mization. Data were collected in accordance with the principles of the Declaration of Helsinki and the CONSORT
guidelines from May 2024 to March 2025 at the First Affiliated Hospital of Jinan University.

Participant Recruitment
Obese patients who underwent sedation/anesthesia for gastroscopy before bariatric surgery were recruited. Inclusion criteria
included: age 18—60 years, BMI > 30 kg/m?, and American Society of Anesthesiologists (ASA) physical status I to IIL
Exclusion criteria were defined as follows: 1. Patients with severe cardiopulmonary disease, including heart failure,
stroke with neurological deficits, or under dialysis. 2. Patients with a history of abnormal recovery from anesthesia, such
as delayed awakening after anesthesia, unplanned secondary tracheal intubation, and unplanned transfer to the intensive
care unit (ICU). 3. Patients allergic to known emulsions or opioids. 4. Patients with alcohol dependence. 5. Lactating
patients, or those with long-term preoperative use of opioids or nonsteroidal anti-inflammatory drugs (NSAIDs). 6.
Patients on long-term B-blocker therapy with a resting heart rate < 50 beats per minute (bpm). 7. Uncooperative patients,
loss to follow-up, or those deemed by investigators as unlikely to complete the study. 8. Procedure time of gastroscopy
was more than 30 min.
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Randomization and Blinding
The randomization sequence was generated by the anesthesiologist who was not involved in the specific implementation
of the study using SPSS 17.0 (IBM Corp., USA) software at a 1:1 ratio.

This study was conducted as a single-blind clinical trial. The anesthesiologist responsible for drug administration was
aware of the group assignment due to the distinct physical characteristics of the agents, with propofol appearing as a
milky emulsion and remifentanil solution as a clear, colorless liquid. However, the other anesthesiologist, nurses,
endoscopists and patients who observed the outcomes were unaware of the group assignment.

Study Intervention

In the propofol-remifentanil (P-R) group, propofol was given intravenously at a rate of 2.5 mg/s, with an initial dose of
100 mg, followed by remifentanil intravenously with a uniform fixed dose of 20 pg (diluted to 4 pg/mL in normal saline,
5 mL in total) at 1 ug/s. Additional propofol (5-10 mg) was administered if eyelash reflex disappeared after completion
of remifentanil intravenously; If the eyelash reflex remained present, propofol was further titrated until loss of eyelash
reflex, and the Modified Observer’s Assessment of Alertness/Sedation Score (MOAA/S) of 0 was reached, at which point
gastroscopy was initiated. The patients in the remifentanil-propofol (R-P) group were intravenously injected a fixed dose
of remifentanil (20 pg) and then a titrated propofol, with all other procedures identical to those in the P-R group. During
gastroscopy, supplemental propofol (10-20 mg) each time was administered as required based on patient response.

Anesthesia and Postoperative Management

The anesthesia and postoperative management as described previously.'® All patients adhered to a standardized fasting
protocol and preparation before anesthesia including establishment of peripheral venous access, oral administration 10
mL of dyclonine mucilage for oropharyngeal topical anesthesia, positioning in a left head-up ramped position (head
height 15-30°), preoxygenation through a nasal cannula at a flow of 5 L/min for more than 3 min using an easy-to-create
mask, and routine monitoring of blood pressure, peripheral oxygen saturation (SpO,), electrocardiogram and heart rate
(HR), and respiratory rate (R).

Anesthesia was performed by an anesthesiologist according to group-specific protocols. While the patient was falling
asleep, an anesthesiologist supported the jaw thrust with EC clamp technique; when the respiratory rate was less than 10
bpm or the SpO, was less than 95%, manual right hypochondrial compression (MRHC) was performed as described
previously.'® After completion of the procedure and recovery of orientation, the patient was transferred to the post-
anesthesia care area. When the standard of leaving the room was reached (Aldrete score > 9) and the observation time
was more than 30 min, the patient could leave.

The anesthetic procedure was performed by the same two experienced anesthesiologists, the endoscopy was
performed by the endoscopists with at least 5 years of experience.

Data Collection and Outcome Assessment
Vital signs were recorded using a video monitoring system. Anesthesia nurses documented baseline characteristics,
injection pain, body movement, cough, vomiting, aspiration, and satisfaction. Telephone follow-up which was performed
24 hours after endoscopy.

The primary outcome was the incidence of hypoxemia during gastroscopy, defined as SpO, below 90% and lasting for
more than 10 s.'¢

The secondary outcomes were included the following: 1. The lowest peripheral oxygen saturation (L-SpO,) during
anesthesia. 2. SpO,, HR and R of the baseline (Ty), before induction (T;), MOAA/S score = 0 (T,), the gastroscope was
inserted (T5), the gastroscope was removed (T,4), and during awakening (Ts). 3. Induction dose and total dose of propofol.
4. Induction time defined as the start of drug administration to MOAA/S score of 0. Operation time, defined as the time
of insertion and removal of the gastroscopy from the mouth. Recovery time, defined as the time form the end of operation
to eyes opening on verbal command. Recovery time of orientation, defined as the time from the end of operation to be
able to follow commands and touch the tip of the nose with the fingers. Time available to discharge, defined as the time
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from the end of operation to Aldrete score > 9. 5. Duration of hypoxemia, injection pain, body movement, cough,
aspiration of patient. 6. The same sedation/anesthesia gastroscopy will be chosen for review. 7. Patients, endoscopists and
anesthesiologists’ satisfaction with the effect of anesthesia quality, assessed using a scale of 0 to 10 (0 = very dissatisfied,
10 = very satisfied). 8. Intraoperative awareness, evaluated using the modified Brice questionnaire after recovery of
orientation and at 24 h post-operation.>'

Sample Size Calculation

According to the previous study,'® the incidence of hypoxemia in obese patients was 27.5% receiving intravenous
remifentanil followed by propofol. Based on pre-experiment result, the incidence of hypoxemia was 12% with the novel
administration sequence. Using PASS 15.0 software, set a = 0.05, 1-f = 0.8, and it was estimated that 134 patients per
group. Assuming a 5% dropout rate, a total of 284 patients were required, with 142 in each group.

Statistical Analysis

GraphPad Prism 10.0 (GraphPad Software, CA, USA) was used for statistical analysis. For data with continuous
variables, the Shapiro—Wilk test was preferred to assess normality. Data were presented as mean + standard deviation
(SD) if normally distributed or as median [interquartile range] if non-normally distributed. For categorical variables, data
were presented as numbers (%). Specifically, the Fisher’s exact test was performed to compare the rates of the two
groups, such as the incidence of hypoxemia in the overall cohort and in certain subgroups, the proportion of males in
each group. Mann—Whitney U-test was used to compare the outcomes of continuous values such as L-SpO,, age. Two-
way analysis of variance (ANOVA) with Bonferroni’s multiple comparisons test was used to compare vital signs at six
time points between the two groups. For all analyses, a two-sided P < 0.05 was considered statistically significant.

Results

Patients

A total of 296 obese patients were enrolled, of whom 12 were excluded (2 declined participation, 2 had severe arrhythmia, 3
had a mental disorder, 5 had an ASA physical status > III) (Figure 1). Consequently, the remaining 284 patients were randomly
divided into two groups: the remifentanil-propofol group (R-P, n = 142) and propofol-remifentanil group (P-R, n = 142).
Baseline characteristics, such as gender, age, and BMI were comparable between the two groups (Table 1).

The Incidence of Hypoxemia

For the primary outcome, the incidence of hypoxemia was significantly lower in the P-R group than in the R-P group.
Hypoxemia occurred in 22 patients (15.5%) in the P-R group and in 42 patients (29.6%) in the R-P group (Relative Risk
[RR], 1.44; 95% confidence interval [CI], 1.13 to 1.79; P = 0.007) (Figure 2).

The L-SpO, During Anesthesia

The L-SpO, during anesthesia was recorded using video monitoring. The L-SpO, was significantly higher in the P-R
group compared to the R-P group (94.0% [91.0 to 97.0] vs 93.0% [87.7 to 95.0]; P < 0.001) (Figure 3).

Hemodynamic Data

In this study, we assessed hemodynamic data by two-way repeated-measures ANOVA (Figure 4). The patient’s SpO,, HR
and R of six time points were presented. Those data had significant interaction effect of group and time. Therefore, we
conducted comparisons between groups at each time point. At T4, SpO, was significantly higher in the P-R group than in
the R-P group (96.2% vs 94.6%; P = 0.009) (Figure 4A). Although at T3, SpO, in the P-R group was a bit lower than in
the R-P group (98.1% vs 99.2%; P < 0.001) (Figure 4A), it was unconvinced that the decreases were clinically
meaningful. For HR, we observed higher values in the P-R group than in the R-P group at T, (87.4 bpm vs 82.6 bpm;
P =10.007) and T3 (86.0 bpm vs 80.7 bpm; P = 0.003) (Figure 4B). At the same time, R was higher in the P-R group at T3
(16.5 bpm vs 14.5 bpm; P = 0.003) (Figure 4C).
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Assessed for eligibility (n = 296)

Exclude (n = 12)

* Declined to participate (n = 2)

» Severe arrhythmia (n = 2)

* Mental disorder (n = 3)

* ASA physical status > Ill (n = 5)

A 4

A 4

284 patients were randomly assigned

l Allocation v

Propofol-remifentanil group (P-R, n = 142)

Remifentanil-propofol group (R-P, n = 142)

Follow-up ’ v
|

Propofol-remifentanil group (P-R, n=0)
Loss to follow-up

v

|
Remifentanil-propofol group (R-P, n = 0)
Loss to follow-up

l ‘ Analysis ’ v
\ J
Remifentanil-propofol group (R-P, n = 142) Propofol-remifentanil group (P-R, n = 142)
Analysed Analysed

Figure | Flow diagram of selection and inclusion of participants.
Abbreviations: ASA, American Society of Anesthesiologists.

Procedure-Related Outcomes
Outcomes related to the procedure, such as induction dose and total dose of propofol, induction time, operation time,

recovery time are presented in Table 2.

Table | Baseline Characteristics of the Intention-to-Treat Population

R-P Group (n = 142)

P-R Group (n = 142)

Neck circumference, cm
Mallampati score, n (%)

415 [38.3 to 45.0]

Gender, M/F 52/90 42/100
Age, years 30 [25 to 37] 29.5 [25 to 35]
BMI, kg/m? 38.6 [35.3 to 42.6] 38.5 [35.2 to 44.1]

41.0 [38.4 to 44.0]

| 35 (24.6) 24 (16.9)
[ 42 (29.6) 42 (29.6)
I 52 (36.6) 66 (46.5)
Y% 13 (9.2) 10 (7.0)
(Continued)
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Table | (Continued).

R-P Group (n = 142)

P-R Group (n = 142)

ASA physical status, n (%)

|

I

LI}
STOP-Bang score 2 5, n (%)
Smoking, n (%)
Drinking, n (%)
Hepatic Dysfunction, n (%)
Dyslipidemia, n (%)
Hypertension, n (%)
Diabetes, n (%)
Heart disease, n (%)
SpO, before pre-oxygenation, %
HR before pre-oxygenation, bpm
MAP before pre-oxygenation, mmHg
R before pre-oxygenation, bpm

13 (92)
64 (45.0)

65 (45.8)

71 (50.0)

41 (28.9)

45 (31.7)

120 (84.5)

120 (84.5)

53 (37.3)

63 (44.4)

8 (5.6)

95 [94 to 96]

86.0 [77.0 to 97.3]
99.5 [90.0 to 110.0]
1513 to 17]

9 (6.3)
62 (43.7)

71 (50.0)

70 (49.3)

34 (23.9)

31 (21.8)

114 (80.3)

120 (84.5)

57 (40.1)

64 (45.1)

14 (9.9)

95 [93 to 96]

88.0 [79.8 to 98.3]
101.0 [91.0 to 111.3]
1513 to 17]

Notes: Data are presented as mean * standard deviation, median [interquartile range] or number (%).
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; SpO,, peripheral

oxygen saturation measured by pulse oximetry.

As compared with the R-P group, the P-R group showed a significantly shorter induction time (77.5 [67.0 to 100.0] s
vs 106.5[96.0 to 121.5] s; P < 0.001), the start of drug administration to scope insertion (103.0 [89.7 to 120.0] s vs 116.5
[105.0 to 133.0] s; P< 0.001), recovery time (35.5 [4.0 to 83.5] s vs 64.0 [21.8 to 112.0] s; P < 0.001) and recovery time

of orientation (77.0 [30.5 to 122.0] s vs 110.0 [59.0 to 164.5] s; P < 0.001).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percentage

R-P

P-R

B Hypoxemia
I No hypoxemia

Figure 2 The incidence of hypoxemia of R-P and P-R sequence for obesity during sedative/anesthesia gastroscopy. The incidence of hypoxemia under P-R group (15.5%) was
significantly lower than that under the R-P group (29.6%) (RR, 1.44; 95% Cl, 1.13 to 1.79; P = 0.007).
Abbreviations: R-P, remifentanil-propofol; P-R, propofol-remifentanil; RR, relative risk; Cl, confidence interval.
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100% 1

90% 1

80% -

L-SpO,

70% -

60% 1

50%

R-P P-R

Figure 3 L-SpO, in sedation/anesthesia for gastroscopy in obese patients. The L-SpO, in the P-R group was significantly higher than in the R-P group (median [IQR], 94.0%
[91.0 to 97.0] vs 93.0% [87.7 to 95.0]; P < 0.001).
Abbreviations: L-SpO,, the lowest peripheral oxygen saturation during the anesthesia; P-R, propofol-remifentanil; R-P, remifentanil-propofol; IQR, interquartile range.

For the induction propofol dose, the study did not demonstrate a statistically significant less in it, but rather a strong
trend towards a decrease (R-P vs P-R: 115 [105 to 130] mg vs 115 [105 to 125] mg; P = 0.057). This was also the case
for the duration of hypoxemia (R-P vs P-R: 36.5 [23.5 to 66.0] s vs 26 [15.5 to 44.0] s; P = 0.055).

The groups did not differ in the use of total propofol dose (R-P vs P-R: 125 [115 to 145] mg vs 120 [110 to 140] mg;
P = 0.339), the operation time (R-P vs P-R: 1.7 [1.5 to 2.0] min vs 1.7 [1.5 to 2.1] min; P = 0.809), time available to
discharge (R-P vs P-R: 13.2 [10.7 to 17.7] min vs 13.7 [10.4 to 17.4] min; P = 0.817).

Adverse Effects

We compared the incidence of adverse events and the preferred method of sedation for future gastroscopy between the
two groups (Table 2). There was no significant difference in the incidence of injection pain, body movement, cough, and
aspiration. Intraoperative awareness was assessed using the modified Brice questionnaire, and no cases of awareness
were reported in either group.

Satisfaction with the Effect of Anesthesia

Patients in the P-R group had higher satisfaction scores than those in the R-P group (10 [10 to 10] vs 10 [10 to 10]; P=10.014).
Although 98.6% of patients in the R-P group and 96.5% of patients in the P-R group indicated that they would choose the same
sedation method for their next gastroscopy, the difference between groups was not statistically significant (P = 0.447). For
endoscopist satisfaction, there was no significant trend (10 [9 to 10] vs 10 [9 to 10]; P = 0.900) between the two groups. The
similar result was found for anesthesiologist satisfaction (10 [10 to 10] vs 10 [9 to 10]; P = 0.404).

Exploratory Analyses

To further explore the beneficial effect of sequential propofol-remifentanil administration technique on the incidence of
hypoxemia, subgroup analyses were performed based on patient characteristics such as BMI, neck circumference,
Mallampati score, and other clinical factors (Figure 5). The propofol-first sequence was associated with a reduced
incidence of hypoxemia in obese patients with BMI > 40 kg/m’, neck circumference > 40 cm, Mallampati score < III,
STOP-Bang score > 5, hepatic dysfunction, dyslipidemia, hypertension, diabetes, and without heart disease.
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Figure 4 The changes in hemodynamic parameters of patients were observed at six time points. (A) Peripheral oxygen saturation (SpO,); (B) heart rate (HR); (C)
respiratory rate (R). Data are presented as median and interquartile range. **P < 0.01, *** P < 0.0001.
Abbreviations: Ty, at the baseline; T, before induction; T,, MOAA/S score = 0; T3, the gastroscope was inserted; T4, the gastroscope was removed; Ts, during awakening.

Discussion

Previous studies on the sequence of anesthetic administration have primarily focused on first-attempt failure during

emergency intubation,”® and the different sequences of gastroenteroscopy in patients with difficult airway.”® Research

investigating the sequence of anesthetic administration during sedation/anesthesia for gastroscopy remains limited. In this

Table 2 Procedural Characteristics and Postoperative Scores

Variables R-P Group (n = 142) | P-R Group (n = 142) | P value
Induction propofol dose, mg 115 [105 to 130] 115 [105 to 125] 0.057
Total propofol dose, mg 125 [115 to 145] 120 [110 to 140] 0.339
Induction time, s 106.5 [96.0 to 121.5] 77.5 [67.0 to 100.0] <0.001
The start of drug administration 116.5 [105.0 to 133.0] 103.0 [89.7 to 120.0] <0.001
to scope insertion, s
Operation time, min 1.7 [1.5 to 2.0] 1.7 [1.5 to 2.1] 0.809
Recovery time, s 64.0 [21.8 to 112.0] 35.5 [4.0 to 83.5] <0.001
Recovery time of orientation, s 110.0 [59.0 to 164.5] 77.0 [30.5 to 122.0] <0.001
Time available to discharge, min 13.2 [10.7 to 17.7] 13.7 [10.4 to 17.4] 0.817
(Continued)
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Table 2 (Continued).

Variables R-P Group (n = 142) | P-R Group (n = 142) | P value
Duration of hypoxemia, s 36.5 [23.5 to 66.0] 26.0 [15.5 to 44.0] 0.055
Injection pain, n (%) 76 (53.5) 75 (52.8) >0.999
Body movement, n (%) 44 (31.0) 48 (33.8) 0.704
Cough, n (%) 15 (10.6) 19 (13.4) 0.584
Aspiration, n (%) 0 (0) 0 (0) NS
The same sedation/anesthesia will be chosen for review, n (%) | 140 (98.6) 137 (96.5) 0.447
Patient satisfaction score 10 [10 to 10] 10 [10 to 10] 0.014
Endoscopist satisfaction score 10 [9 to 10] 10 [9 to 10] 0.900
Anesthesiologist satisfaction score 10 [10 to 10] 10 [9 to 10] 0.404
Intraoperative awareness, n (%) 0 (0) 0 (0) NS

Notes: Data are presented as mean * standard deviation, median [interquartile range] or number (%).

study, we found that among obese patients undergoing gastroscopic sedation/anesthesia, the novel propofol-remifentanil
sequence significantly reduced the incidence of hypoxemia compared with the conventional remifentanil-propofol
sequence. Furthermore, this sequence improved the lowest peripheral oxygen saturation (L-SpO,) during anesthesia,
stabilized hemodynamic parameters, shortened induction time, the start of drug administration to scope insertion time,
recovery times, and enhanced patient satisfaction. Notably, subgroup analyses further indicated greater respiratory
benefits with the propofol-first sequence in patients with BMI > 40 kg/m?, neck circumference > 40 cm, and certain
other subgroups.

Administering Propofol Followed by Remifentanil VWas Associated with a Lower
Incidence of Hypoxemia and Higher L-SpO, During Gastroscopy

During gastroscopy, the most uncomfortable and technically challenging phases typically occur early in the procedure —
namely endoscope insertion and passage through the pharynx, as well as adequate gastric insufflation.'®?* These steps
occur within the initial phase of the procedure, corresponding to advancement from the mouth to the cardia, which
generally requires approximately 15 s.*° Intravenous anesthetic/sedative is typically administered in small, titrated doses
to reach the desired depth of sedation.”® This approach facilitates alignment of peak effect coincides with the period of
maximal procedural stimulation, while minimizing excessive overlap of peak effects during less stimulating phases and
thereby reducing the risk of respiratory depression.

The observed differences between the two administration sequences can be explained by the pharmacodynamic
properties of propofol and remifentanil. Propofol acts rapidly, with an onset time of 0.5—1 minute and a peak effect within
1-2 minutes, followed by a short duration of action lasting 4-8 minutes.”’ Remifentanil similarly exhibits a fast onset of
approximately 1 minute and a short context-sensitive half-time of 3—4 minutes.*® In propofol-remifentanil sequence, the
timing of the respective peak effects appeared to align better with procedural stimulation. Specifically, following an
induction time of 77.5 s, the peak effect of propofol was already established at the onset of gastroscopy. With an interval
of approximately 103.0 s from the start of drug administration to scope insertion, remifentanil administered at about the
40th s of induction reached peak effect near the time of insertion (approximately 63 s from the scope insertion). This
timing allowed adequate coverage of the most stimulating phases of the procedure, including the initial 15 s and the
overall duration of gastroscopy (approximately 1.7 min).

In contrast, the conventional remifentanil-propofol sequence resulted in overlapping peak effects near the end of
induction (approximately 106.5 s), producing a deeper level of anesthesia during a time of relatively low procedural
stimulation. This overlap may have contributed to respiratory suppression and the higher incidence of hypoxemia
observed. Moreover, the peak effect of remifentanil administered at the onset of induction may have diminished by

the time of scope insertion (approximately 116.5 s), resulting in insufficient coverage of procedural stimulation. These
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findings suggest that optimizing drug administration timing to better match procedural demands represents a practical
strategy for reducing hypoxemia risk while maintaining procedural conditions and patient comfort.

Administering Propofol Followed by Remifentanil Induced Moderate Sedation
Appropriate for Obese Patients

Moderate sedation is recommended for most endoscopic procedures,”’

and was applied in the present study. The
propofol-remifentanil sequence exhibited more stable HR and R compared with the remifentanil-propofol sequence
(Figure 4B and C), which was reflected in more stable SpO, levels during the procedure (Figure 4A). Clinically, this
translated into shorter recovery times — both for regaining orientation and overall recovery — in the P-R group
(Table 2). These findings support the advantage of the propofol-remifentanil sequence in achieving adequate yet safer
sedation in obese patients undergoing gastroscopy.

Given the relatively high rate of body movement observed during the procedure, no instances of intraoperative
awareness were reported in either group, as assessed by the modified Brice questionnaire. These findings alleviate
concerns regarding insufficient depth of moderate sedation. Moreover, patient satisfaction was higher in the propofol-
remifentanil (P-R) group than in the remifentanil-propofol (R-P) group. This may be attributed to better synchronization
between the depth of anesthesia and the procedural stimulation, resulting in improved comfort and faster recovery
(Table 2). Collectively, these findings suggest that the propofol-remifentanil sequential administration not only enhances

physiological stability but also improves the overall patient experience during gastroscopy.

Subgroup Event rate (R-P) Event rate (P-R) RR (95%Cl) Forest Plot P value
Body mass index <40 kg/m?  23/87 (26.4%) 14/82 (17.1%) 1.282 (0.913; 1.702) B 0.192
Body mass index 2 40 kg/m?  19/55 (34.6%) 8/60 (13.3%) 1.720 (1.172; 2.410) S E— 0.009
Neck circumference <40 cm  11/55 (20.0%) 8/55 (14.6%) 1.197 (0.722; 1.750) S B 0.615
Neck circumference = 40 cm 19/55 (34.6%) 8/60 (13.3%) 1.587 (1.180; 2.077) B E— 0.005
Mallampati score < lI 21/77 (27.3%) 7/66 (10.6%) 1.540 (1.112; 2.007) - 0.019
Mallampati score 2 llI 21/65 (32.3%) 15/76 (19.7%) 1.392 (0.949; 1.951) i e 0.120
STOP-Bang score < 5 14/71 (19.7%) 10/72 (13.9%) 1.218 (0.783; 1.708) . 0.379
STOP-Bang score 25 27/71 (38.0%) 12/70 (17.1%) 1.605 (1.160; 2.163) . 0.008
Hepatic dysfunction 38/120 (31.7%) 19/114 (16.7%) 1.439 (1.110; 1.814) - — 0.009
No hepatic dysfunction 4/22 (18.2%) 3/28 (10.7%) 1.365 (0.565; 2.465) 0.684
Dyslipidemia 35/120 (29.2%) 20/120 (16.7%) 1.385 (1.054; 1.760) — 0.031
No dyslipidemia 7/22 (31.8%) 2/22 (9.1%) 1.815 (0.966; 2.980) 0.132
Hypertension 21/53 (39.6%) 8/57 (14.0%) 1.833 (1.261; 2.589) — 0.002
No hypertension 21/89 (23.6%) 14/85 (16.5%) 1.226 (0.859; 1.639) —t— 0.262
Diabetes 20/63 (31.8%) 10/64 (15.6%) 1.504 (1.038; 2.069) - = 0.038
No diabetes 22/79 (27.9%) 12/78 (15.4%) 1.396 (0.988; 1.867) L 0.081
Heart diseases 2/8 (25.0%) 1/14 (7.1%) 2.111 (0.581; 5.109) > 0.527
No heart diseases 40/134(29.9%) 21/128(16.4%) 1.402 (1.090; 1.751) —i— 0.013

05 10 15 20 25 30
Favors P-R Favors R-P

Figure 5 Forest plot of relative risk of hypoxemia across patient subgroups. P values were obtained by Fisher’s exact test, and methods used to compute Cls according to

Koopman asymptotic score.

Abbreviations: RR, relative risk; Cl, confidence interval.
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The Propofol-Remifentanil Administration Sequence Demonstrated Superior

Outcomes in Specific Patient Subgroups

Considering established risk factors for hypoxemia and the clinical characteristics of obesity,' "'

post hoc exploratory
analyses were performed. The propofol-remifentanil sequence was associated with a lower incidence of hypoxemia in
certain subgroups, such as participants with a BMI > 40 kg/m?, neck circumference > 40 cm, and Mallampati score < III
(Figure 5). However, because the number of patients with heart disease was limited, precluding a definitive evaluation of
the effect of the propofol-remifentanil administration strategy in this subgroup. These findings provide preliminary
evidence to support individualized anesthesia protocol for obese individuals undergoing gastroscopy.

Limitations

Several limitations should be acknowledged. First, the single-center study and relatively limited sample size may
introduce inherent biases and affect the generalizability. Future multi-center studies with larger cohorts are needed to
validate these findings. Second, due to the distinct physical properties and dosage requirements of propofol and
remifentanil, blinding the attending anesthesiologists was not feasible. Inevitably, the knowledge of group allocation
could have introduced performance bias. To minimize this effect, the anesthesiologist responsible for supporting the jaw
was not involved in drug administration. Third, although we performed subgroup analyses and observed some findings, it
should be acknowledged that these analyses were post-hoc exploratory, rather than pre-specified. As such, the results
should be interpreted as hypothesis-generating and intended to provide preliminary insights for clinical practice, rather
than confirmatory evidence. Fourth, this study did not continuously monitor more sensitive indicators of stress response,
such as heart rate variability (HRV)*® nor did it include objective measures of consciousness, such as the bispectral index
(BIS).*! Incorporating these monitoring parameters in future studies may provide a more comprehensive assessment of
anesthetic depth and physiological responses.

Conclusion

In obese patients undergoing preoperative gastroscopy prior to bariatric surgery, the propofol-first sequential adminis-
tration strategy resulted in a lower incidence of hypoxemia and higher L-SpO, during the procedure compared with the
remifentanil-first sequence. These clinical benefits were particularly evident in selected high-risk subgroups. Further
research is warranted to determine whether the propofol-first sequence can be extended to other populations with reduced
respiratory reserve or an increased risk of hypoxemia — such as elderly or critically ill patients — and to confirm its
broader clinical applicability.
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