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Background: Obesity alters the pharmacokinetics and pharmacodynamics of hypnotic agents; however, dose-finding data for ciprofol
during the induction of general anesthesia in morbidly obese adults remain limited. We estimated the lean body weight (LBW)-scaled
50% effective dose (ED50) and 95% effective dose (ED95) of ciprofol for loss of consciousness by using an up-and-down sequential
design.

Methods: This prospective single-center trial enrolled adults aged 18—65 years with morbid obesity who underwent elective surgery.
Ciprofol was administered as a slow intravenous bolus at an initial dose of 0.76 mg kg ' (LBW), followed by an up-and-down
algorithm with an adjacent dose ratio of 1.1. Primary outcome: LBW-scaled ED50 and ED95 of ciprofol for loss of consciousness.
ED50 and ED95 values were estimated using probit analysis. Hemodynamics and adverse events were collected as pre-specified
secondary endpoints.

Results: Thirty-six patients were included in the study. The sequence yielded either successful or failed crossovers. The LBW-scaled
ED50 and ED95 of ciprofol for loss of consciousness were 0.492 mg kg ' (95% CI 0.453—0.531) and 0.634 mg kg’ (95% CI
0.524-0.744), respectively. The mean arterial pressure and heart rate decreased after induction, reaching a nadir approximately 5 min
after tracheal intubation, and generally remained >70% of baseline for most patients. In exploratory, post hoc comparisons of response-
defined groups, the incidence of hypotension (37% vs 41%, p=0.79), bradycardia (5% vs 6%, p=0.94), and tachycardia (26% vs 35%,
p=0.27) was similar. No other adverse events were reported.

Conclusion: The LBW-scaled ED50 and ED95 of ciprofol for loss of consciousness during the induction of general anesthesia in
morbidly obese adults were 0.492 and 0.634 mg kg ', respectively. Hemodynamics were generally well controlled and adverse events
were infrequent.
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Introduction

Obesity has become a significant global public health concern and its prevalence continues to increase. Approximately
16% of the adult population worldwide is estimated to be affected by obesity.! Morbid Obesity (MO)—also referred to as
class III obesity—is typically defined as a body mass index (BMI) > 40 kg/m?, or BMI > 35 kg/m? in the presence of at
least one obesity-related comorbidity (eg, type 2 diabetes, cardiovascular disease, or obstructive sleep apnea),” and is
associated with severe health risks.> Compared with normal-weight individuals, obese patients exhibit unique pathophy-
siological characteristics—such as increased cardiovascular and pulmonary burdens, augmented adipose tissue, and
abnormal hemodynamics—that substantially affect anesthetic requirements.* The increased proportion of adipose tissue
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also changes metabolic status and distribution volumes, thereby influencing pharmacokinetics (PK) and pharmacody-
namics (PD).” These characteristics make obese patients more susceptible to either drug overdose or underdose during
anesthesia and increase the risk of complications such as accidental awareness, hypotension, hypoxemia, and pulmonary
complications.>® Therefore, it is particularly important to develop precise and individualized anesthetic dosing regimens
for obese populations.

Propofol is commonly used to induce general anesthesia, but its marked circulatory inhibitory effects can cause
significant hemodynamic fluctuations.” ' Multiple weight scalars have been proposed for dosing in obesity, including
total body weight (TBW), ideal body weight (IBW), lean body weight (LBW).>!"!? In general, TBW-based bolus dosing
may overestimate central compartment size and increase hypotension risk, whereas IBW may underdose and delay loss
of consciousness. LBW correlates better with metabolically active tissue and clearance and is frequently recommended
for induction boluses to balance efficacy and safety.

Ciprofol is a 2,6-disubstituted phenol and a structural analog of propofol that acts as a positive allosteric modulator of
the GABA_A receptor.”® In the general population, ciprofol provides effective hypnosis with rapid onset of action,
favorable clearance characteristics, and a lower incidence of injection pain and may cause milder circulatory suppression
compared with propofol.'* However, obese-specific dosing evidence remains limited. Small studies in obese patients—
predominantly in procedural sedation or short general anesthesia—have largely used TBW-based dosing (for example,
fixed mg/kg boluses) and suggested hemodynamic advantages relative to propofol, but they have not established the
optimal weight scalar for MO, nor are their findings directly generalizable to induction for surgery.'>'® Given the
mechanistic parallels between propofol and ciprofol and the consistent performance of LBW for propofol induction in
obesity, LBW is a physiologically defensible starting point for ciprofol dose calculation in MO.

Given the unique pharmacokinetic and pharmacodynamic challenges in MO patients and the potential advantages of
ciprofol over propofol, this study aimed to use a sequential up-and-down method to determine the ED50 and ED95 of
ciprofol in MO patients undergoing general anesthesia-induced loss of consciousness(LOC). Our specific objective was
to estimate effective doses based on LBW,'”"'® which is considered a more reliable scalar than the total or ideal body
weight in MO owing to its correlation with metabolically active tissue mass and drug clearance.'’

Materials and Methods

Study Design

This prospective, single-center study was approved by the Ethics Committee of Lishui People’s Hospital (approval
number: 2024-023-01) and registered with the Chinese Clinical Trial Registry (ChiCTR2400094305). Written informed
consent was obtained from all participants. The study adhered to the Declaration of Helsinki and relevant national

regulations.

Participants

The inclusion criteria were as follows: (1) age 18—65 years, (2) American Society of Anesthesiologists (ASA) grade II-
III, (3) BMI> 35 kg/m” with other obesity-related comorbidities (4) scheduled for elective surgery under general
anesthesia, and (5) ability to provide informed consent.

The exclusion criteria were as follows: (1) pre-existing neurological or psychiatric disease affecting assessment; (2)
allergy to the drugs used in this study; (3) long-term preoperative use of benzodiazepines and opioids; (4) severe
arrhythmia, such as second- or third-degree atrioventricular block or significant bradycardia (HR<50 beats/min); and (5)
participation in another clinical trial within 30 days.

Weight Scalars and Monitoring

Height and TBW were measured on the day of surgery. LBW was calculated using the Janmahasatian formula:*°
Male: LBW = 9270 x TBW / (6680 + 216 x BMI)
Female: LBW = 9270 x TBW / (8780 + 244 x BMI)
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Intervention

All patients fasted for 8 h and abstained from fluid for 2 h preoperatively. All patients underwent standardized surgical
and anesthetic care without preoperative medication. Upon arrival in the operating room, intravenous access was
established for the infusion of sodium chloride, and oxygen was administered via a facemask at 5 L/min. Continuous
monitoring was maintained for pulse oximetry (SpO,), electrocardiography (ECG), heart rate (HR), noninvasive blood
pressure(NIBP), and bispectral index (BIS). HR and NIBP were measured three times consecutively after the patient
entered the operating theatre for a 10-minute rest and averaged as baseline values. The BIS was chosen as the processed
EEG metric because of its wide clinical adoption®' and prior evidence that BIS values track clinical sedation with
ciprofol and are comparable to propofol at equivalent hypnotic depths.?>* Anesthesia was induced with slow intrave-
nous injection of ciprofol. The initial dose of ciprofol was set at 0.76 mg kg ' LBW for the first patient,”* subsequent
doses were adjusted according to the success or failure of induction using an up-and-down approach. From the start of
the ciprofol bolus, no other sedatives, opioids, or anesthetics were administered until the prespecified 90-second
assessment. Modified Observer’s Assessment of Alertness/Sedation scale (MOAA/S) and BIS were recorded every
30 seconds. Successful induction was defined as MOAA/S < 1 and BIS < 60 at the fixed 90-second time point without
any rescue medication; otherwise, induction was classified as failed.?**>?® According to the adjacent dose ratio (1:1.1),
the ciprofol dose was increased by 10% for the subsequent patient if the prior patient experienced “failed sedation”;
otherwise, it was decreased by 10%.2° If MOAA/S remained >1 at the 90-second assessment (induction failure),
additional ciprofol (0.1-0.2 mg.kg ') was administered as rescue. After successful induction, sufentanil 0.3-0.5ug kg
and cisatracurium 0.2 mg.kg ' were administered intravenously. Following muscle relaxation, tracheal intubation was
using a video laryngoscope and a single-use endotracheal tube of size 7.0-7.5. Mechanical ventilation was then initiated.
Immediately afterward, sevoflurane and propofol were used to maintain the depth of anesthesia throughout the surgery,
with intermittent boluses of sufentanil and cisatracurium to maintain analgesia and muscle relaxation. After surgery, the
endotracheal tube was removed and the patient was transferred to the Post-Anesthesia Care Unit(PACU), where their HR,
SpO,, NIBP, and MOAA/S were monitored. The modified Aldrete score was used to assess recovery. Patients were only
allowed to leave the recovery room if they achieved an Aldrete score > 9.

Dose Allocation

We used Dixon’s up-and-down sequential allocation to guide dosing and determine the stopping rule. The initial LBW-
scaled dose was 0.76 mg/kg; the dose step factor was 1.1. After a success, the next dose decreased one step; after
a failure, it increased one step. Enrollment stopped after eight crossovers.?’

Study Outcomes

The primary endpoint of this study was the LBW-scaled ED50 of ciprofol for LOC. The study’s stopping rule was
calibrated to ensure a predetermined level of precision for the ED50 estimate, defined by the width of its 95% CI.
Secondary outcomes: ED95 was pre-specified only as a exploratory endpoint derived from the fitted dose-response mo
Hemodynamic responses: HR and MAP measured at pre-specified time points: baseline (T1), 1 min after induction
(T2), 3 min after induction (T3), immediately after tracheal intubation (T4), 5 min after tracheal intubation (T5),
immediately after extubation (T6), 5 min after extubation (T7), and at PACU discharge (T8); adverse events, including
hypotension (MAP < 70% baseline or MAP < 65 mmHg), hypertension (=130% baseline), bradycardia (HR < 45 beats/
min), tachycardia (HR > 120% baseline), hypoxemia (SpO, < 90%), injection pain, intraoperative awareness, and
postoperative nausea and vomiting (PONV). All outcomes were assessed throughout the observation period after
induction (T2-T8). Hemodynamic management followed a standardized target-based protocol: the attending anesthe-
siologist adjusted anesthetic dosing and vasoactive medications to maintain MAP within +30% of baseline and HR
between 50 and 100 beats/min. The timing and agents/doses of all interventions relative to each assessment time point
were recorded.

Demographic and baseline characteristics were collected for descriptive purposes and are reported separately.
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Sample Size and Statistical Analysis

The sample size and stopping rule were based on the up-and-down design (trial ended after eight crossovers). ED50 was
estimated using probit regression on LBW-scaled dose and binary outcome (success/failure). ED95 was obtained as the
95th percentile of the same fitted curve and is presented as an exploratory, model-based estimate with wider uncertainty.
The 95% CI for ED50 and ED95 were calculated using the Wald (delta) method, based on the asymptotic variance—
covariance matrix of the GLM coefficients.To assess the robustness of the primary ED50 estimate,the ED50 was also
calculated using the Dixon-Mood method, with its 95% CI generated via a nonparametric bootstrap procedure (B=2000
replicates).

Continuous data were expressed as mean =+ standard deviation, while categorical data were expressed as number
(percentage) or median (Q1,Q3), as appropriate. Independent sample -tests were used to compare continuous variables
with a normal distribution between the groups, whereas the Mann—Whitney U-test was used for variables with a non-
normal distribution. The chi-square test or Fisher’s exact test was used to compare categorical variables between the
groups. The normality of the distribution was analyzed using the Shapiro—Wilk test. Two-sided P < 0.05 was considered
statistically significant. Because the up-and-down design yields response-defined strata (successful vs failed induction)
rather than randomized groups, all comparisons between these groups (hemodynamics, adverse events, and baseline
features) were conducted as exploratory/descriptive post hoc analyses. Data were analyzed using the R software (version
4.3.1; R Foundation, Vienna, Austria).

Results

A flowchart of the study is presented in Figure 1. We assessed the eligibility of 39 patients. Three patients were excluded:
two cancelled surgeries and one patient with severe heart failure. Ultimately, 36 patients were enrolled and completed the
experiment, with with 19 successful inductions and 17 failed inductions. The demographic characteristics of the patients
are presented in Table 1. As expected with response-defined stratification, patients in the successful induction group were
older than those in the failed induction group (40.4 + 14.9 vs 29.8 + 11.0 years; p = 0.02).

Assessed for eligibility
(n=39)

Excluded(n=3)
Surgery canceled(n=2)
Severe heart failure(n=1)

Consented to study
(n=36)

:

Initial dose:0.76mg/Kg(LBW),
Next patient receives a doses adjusted using an Next patient receives a
lower dose (-10%) up-and-down design with an higher dose (+10%)
adjacent dose ratio of 1.1

Success Failure

The trial was stopped after eight success—failure crossovers

Analyzed (n1=36) |

Figure | Participant flow and up-and-down dose allocation for ciprofol induction. Successful induction was defined as MOAA/S < | and BIS < 60 at the fixed 90-s
assessment without any rescue medication or additional ciprofol. Failed induction was defined as any other outcome, including use of additional ciprofol/rescue medication
before 90s or not meeting both criteria.
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Table | Characteristics of Patients

Successful Failed
Induction (n=19) Induction (n=17)
Gender
Male, n (%) 12(63) 8(47)
Female, n (%) 7(37) 9(53)
Age(years) 40.4+14.9 29.8+11.0
Weight(Kg) 103.8+£10.9 106.7£13.7
BMI(Kg/m?) 36.6x1.8 39.4+5.4
LBW(Kg) 59.6+8.5 62.0£10.0
ASA
II, n (%) 13(68) 9(53)
I, n (%) 6(32) 8(47)
Comorbidities
Hypertension, n (%) 6(32) 4(24)
Diabetes, n (%) 1(5) 3(18)
OSAS, n (%) 6(32) 6(35)
Other comorbidities, n (%) 19(100) 17(100)

Notes: Data are shown as the mean * standard deviation or number (percentage). Other
Comorbidities include dyslipidemia caused by obesity, joint disease, and heart disease. Groups
are defined post hoc by induction response; values are descriptive.

Abbreviations: BMI, body mass index; LBW, lean body weight; ASA, American Society of
Anesthesiologists; OSAS, obstructive sleep apnea syndrome.

Primary Outcome

Figure 2 depicts the patient-by-patient dose allocation according to Dixon’s up-and-down design. The trial reached the

pre-specified stopping rule after eight success—failure crossovers. The probit analysis yielded an estimate for the primary
endpoint, with an ED50 of 0.492 mg/kg (95% CI: 0.453-0.531) (Figure 3). The estimate for the exploratory endpoint of
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Figure 2 Up-and-down allocation sequence of ciprofol doses for induction of loss of consciousness in morbidly obese patients. The trial used Dixon’s up-and-down design
with an initial dose was 0.76 mg/kg and a step ratio of |.l. Enrollment stopped after eight crossovers. Red dots indicate “successful induction” and blue dots indicate “failed
induction”. This figure depicts the allocation design only; ED50/ED95 were estimated subsequently by probit regression (see Figure 3).
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Figure 3 Probit dose-response curve for ciprofol-induced loss of consciousness. The curve was fitted using probit regression on LBW-scaled doses and binary responses
from all enrolled patients. The dashed lines show ED50 (0.492 mg/kg; 95% Cl 0.453-0.531) and ED95 (0.634 mg/kg; 95% CI 0.524-0.744).
Abbreviations: ED50, 50% effective dose; ED95, 95% effective dose.

ED95 was 0.634 mg/kg (95% CI. 0.524-0.744). A sensitivity analysis using the Dixon-Mood method, which is
specifically suited for up-and-down study designs, yielded a consistent ED50 of 0.487 mg/kg (95% bootstrap CI:
0.455-0.521). The strong agreement between the two methods confirms the robustness of the ED50 estimate.

Secondary Outcomes

Hemodynamic Parameters

Figure 4 shows the MAP and HR trajectories for the successful and failed induction groups. Group mean MAP reached
its nadir 5 min after intubation (T5) and generally remained near or above 70% of baseline across the recorded time
points. HR changes were broadly similar between groups, with the failed induction group showing greater stability,
whereas the successful induction group exhibited greater variability (lowest at TS and peaking immediately after
extubation at T6 before declining). Despite these mean patterns, 14/36 (39%) patients met the prespecified hypotension
criterion at least once. Hypotension was adjudicated at the patient level across the study observation period after
induction (T2-T8) using the prespecified threshold (MAP <70% of baseline or MAP <65 mmHg). Because qualifying
nadirs were often transient and could occur between the plotted time points, they may not be apparent in the group mean
curves.

Adverse Events

Table 2 shows the incidence of adverse observed in this study. In exploratory post hoc comparisons, the incidences of
hypotension (37% vs 41%; p=0.79), bradycardia (5% vs 6%; p=0.94), and tachycardia (26% vs 35%; p=0.27) were
similar. Other adverse events, such as hypoxemia, intraoperative awareness, injection pain, and PONV, were not observed

in either group.
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Figure 4 Hemodynamic data for MAP and HR. (A) Mean arterial pressure (MAP) at predefined time points. (B) Heart rate (HR) at the same time points. Red circles
indicate the successful induction group; blue squares indicate the failed induction group. T1, baseline; T2, | min after induction; T3, 3 min after induction; T4, immediately
after tracheal intubation; T5, 5 min after tracheal intubation; T6, immediately after extubation; T7, 5 min after extubation; T8, after leaving the PACU. MAP, mean arterial
pressure; HR, heart rate. Note: Curves display group means at discrete, prespecified time points (T |-T8). Hypotension incidence reflects patient-level events meeting the
prespecified threshold (MAP <70% of baseline or MAP <65 mmHpg) at any time during the observation period after induction (T2-T8); brief nadirs occurring between time
points may therefore not be visible in the mean trajectories.

Discussion

In this prospective dose-finding study using a sequential up-and-down design, we determined the LBW-scaled ED50 and
ED95 of ciprofol for LOC during induction of general anesthesia in patients with MO. The point estimates obtained by
the probit analysis were 0.492 mg.kg ' (95% CI, 0.453-0.531) and 0.634 mgkg ' (95% CI, 0.524-0.744), respectively.

Table 2 Incidence of Adverse Events

Successful Failed P

Induction (n=19) | Induction (n=17)
Hypertension, n (%) 0(0) 0(0) -
Hypotension, n (%) 7(37%) 7(41%) 0.79
Bradycardia, n (%) 1(5%) 1(6%) 0.94
Tachycardia, n (%) 5(26%) 6(35%) 0.27
Hypoxemia, n (%) 0(0) 0(0) -
Intraoperative awareness, n (%) | 0(0) 0(0) -
Injection pain, n (%) 0(0) 0(0) -
PONV, n (%) 0(0) 0(0) -

Notes: Data are presented as numbers (percentages). Unadjusted p-values are reported for explora-
tory/descriptive purposes only.
Abbreviation: PONV, postoperative nausea and vomiting.
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Hemodynamic trajectories were broadly comparable between patients with successful and failed induction at the assigned
dose, and the incidences of hypotension, bradycardia, and tachycardia were not statistically different between the groups.
No episodes of hypoxemia, injection pain, intraoperative awareness, or PONV were recorded. Taken together, these
findings indicate that LBW-based dosing can deliver predictable hypnosis with an acceptable safety margin in the
morbidly obese population while highlighting that dose requirements are higher than those reported for non-obese or
elderly cohorts.

Our estimates were higher than those reported for nonobese patient populations. Zhao et al definitively established
ED50 and ED95 of 0.318 and 0.496 mg.kg ', respectively, to suppress the tracheal intubation response in female adults
receiving sufentanil.”® Yuan et al reported ED50 values around 0.26-0.27 mgkg ' for LOC in elderly patients,
irrespective of frailty status, with ED95 values close to 0.30 mg kg 1.>° Our study clearly showed that morbidly
obese patients required higher LBW-scaled doses.

First, the pharmacokinetic context was different. Ciprofol, similar to propofol, is a highly lipophilic drug that quickly
enters tissues with high blood flow, such as the brain, to induce anesthesia before gradually moving into fat stores.’ In
morbidly obese individuals, the body has more blood volume and higher cardiac output, which expands the initial
“central compartment” where the drug is first distributed after injection.>>%3* Additionally, the drug moved out of this
central compartment and into other tissues more rapidly in the early minutes after administration.'' As a result, for
a given dose based on LBW, the concentration of ciprofol reaching the brain, where it must act to cause unconsciousness,
may be reduced or “diluted.” Therefore, a higher dose might be needed to ensure that enough drug reaches the brain to
achieve the desired depth of anesthesia within the short time frame required for induction. Second, the pharmacodynamic
endpoints were not identical across studies. One study focused on the suppression of the intubation response in female
patients pretreated with sufentanil, where the co-administration of an opioid likely reduced the required dose of hypnotic
agents by mitigating nociceptive stimulation during laryngoscopy.”® Another study evaluated LOC within three minutes
among elderly patients in the absence of surgical stimulation,” reporting lower ED50 values that aligned with the
recognized age-related increase in sensitivity to GABA ergicagents.>*** In contrast, our patients were younger, morbidly
obese adults scheduled for general anesthesia. Although opioids were only given after successful induction, the forth-
coming airway instrumentation, higher sympathetic tone, and obesity-associated respiratory loading may have favored
more robust hypnosis at induction.

Third, dose-scaling strategies influence the apparent requirements. Dosing lipophilic hypnotics to TBW in MO risks
overshoot, whereas using IBW may result in underdose due to the expansion of the lean compartment and cardiac output.
LBW is considered a more appropriate scalar for many anesthetic drugs in the obese because it better reflects
metabolically active tissue mass and correlates with drug clearance.'”*!*37 Recent studies on obese patients under-
going gastroscopy have investigated the effective dose of ciprofol, including its combination with sufentanil, to inhibit
responses to scope insertion, revealing that optimal dosing scalars (eg, TBW, IBW, or LBW) and median effective doses
vary significantly compared to non-obese cohorts, underscoring the complexity of achieving adequate sedation in this
population;'>'® However, such procedures typically involve minimal noxious stimulation and brief sedation compared
with the deeper hypnosis required for induction under general anesthesia. Our results using LBW during the induction of
general anesthesia, with airway management via endotracheal intubation or laryngeal mask airway, support LBW as
a rational compromise, but they also show that, even on this scale, morbidly obese patients demand higher doses than
elderly or non-obese cohorts. Moreover, obesity is associated with chronic low-grade inflammation and neurohumoral
activation, which can shift the arousal threshold and sympathetic tone upward, potentially opposing the hypnotic
effects.’®

Separately, an internal study design factor may also have influenced the observed responses. Although elderly patients
were excluded, age has a continuous influence on sensitivity to hypnotic propofol-like GABAergic agents across
adulthood. Population PK/PD studies treat age as a covariate and demonstrate that the effect-site concentration and
dose required for loss of consciousness decrease progressively with increasing age.*”** In our cohort, the successful
induction group was older on average than the failed induction group, which plausibly increased the probability of
successful induction at the assigned dose. As the up-and-down design forms groups based on response rather than
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randomization, baseline balance is not expected, and between-group comparisons should be interpreted as exploratory.
Future dose-finding work will stratify by age or incorporate age as a covariate in the dose-response model.

We intentionally withheld opioids before endpoint assessment to isolate the hypnotic doseresponse to ciprofol in
morbidly obese adults, which is a common design choice in up-and-down dose-finding studies.'”*> While routine clinical
induction often includes opioid co-induction, doing so would have conflated analgesia with hypnosis and biased the ED
estimation downward.*'** Accordingly, the ED50/95 represents the monotherapy requirement for LOC. In practice,
when sufentanil or fentanyl is co-administered, the required ciprofol dose is expected to be lower. Future randomized
studies that map ciprofol dosing in the presence of standardized opioid regimens are warranted.

During ciprofol induction, the hemodynamic profile was characterized by a typical, manageable pattern of change.
MAP declined after induction, reaching a nadir approximately 5 min after intubation, and then recovered toward baseline.
This timing is consistent with prior study,** and likely reflects the combined vasodilatory/negative inotropic effects of
induction and early maintenance anesthetics together with dissipation of the transient pressor response after intubation
and contributions from co-administered agents (eg, opioids). Using our prespecified definitions, hypotension and
tachycardia occurred in approximately 40% and 30% of patients, respectively; events were typically early, transient,
and responsive to routine measures, and no serious cardiovascular complications were observed. While clinically relevant,
the overall rate of circulatory depression appears favorable compared to the higher incidences often associated with
propofol induction.®** Our observation that ciprofol offers a less pronounced hemodynamic impact is consistent with
recent meta-analytic evidence, which concluded that ciprofol is associated with significantly less circulatory depression
and injection pain than propofol.** Additionally, the absence of hypoxemia in our cohort, likely due to effective
preoxygenation, prompt airway control, and the brief interval between LOC and tracheal intubation, further underscores
the reduced incidence of respiratory depression relative to propofol. However, given that morbidly obese patients have

reduced functional residual capacity and rapid desaturation kinetics,*®*’

apneic time must still be minimized, and airway
adjuncts should be immediately available.

The sequential up-and-down method remains a highly efficient strategy for estimating the ED50, particularly with
small sample sizes. We successfully concluded our experiment after achieving eight crossovers, providing ample data for
robust analysis. Using probit regression, we calculated both ED50 and ED95 with confidence intervals, and although
ED95 estimation in sequential designs involves extrapolation and is less precise, our reasonably narrow confidence
bounds reflect a sharp dose-response curve near the ED50. Additionally, to ensure the reliability of our induction success
criteria, we employed a dual endpoint—MOAA/S < 1 and BIS < 60 within three minutes—combining behavioral and
EEG-based measures of hypnosis, a methodology consistent with recent ciprofol studies.”> Importantly, to prevent
confounding effects on dose estimation, we administered opioids and neuromuscular blockers only after the primary
endpoint was met, thereby safeguarding the accuracy of the dose—response assessment of ciprofol.

This study adds to the ciprofol evidence base by focusing on morbidly obese patients undergoing general anesthesia
and adopting LBW as the dosing scalar. The integration of continuous hemodynamic monitoring, standardized induction,
airway management, and systematic adverse-event capture enhances the internal validity. However, these limitations
warrant further research. First, the sample size was determined by the stopping rule intrinsic to the sequential method and
was not powered to detect small differences in adverse events or to explore covariates such as sex, degree of obesity, or
obstructive sleep apnea status. Moreover, because the up-and-down design yields non-randomized, outcome-defined
groups, leading to baseline imbalances (eg, age). Therefore, all between-group comparisons in this study must be
interpreted as exploratory and potentially confounded, not as evidence from a comparative trial. Second, generalizability
is constrained by eligibility: enrollment required BMI > 35 kg/m? with at least one obesity-related comorbidity; under the
standard MO definition, our cohort therefore represents the MO-with-comorbidity subset. Although the cohort included
individuals with BMI > 40 kg/m?, all of them also had comorbidity, and the findings may not extend to BMI > 40 kg/m*
without comorbidity. In addition, the study was single-center and participants were relatively young, so extrapolation to
older patients or those with significant cardiopulmonary disease should be cautious. Third, although LBW is a widely
advocated scalar, different LBW equations exist. Therefore, we did not compare alternative weight scalars head-to-head.
Fourth, ED95 estimation is subject to greater uncertainty. A biased-coin up-and-down or continual reassessment design
targeting high quantiles could refine ED95 in future studies. Finally, we used a single-bolus induction paradigm, in which
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some clinicians may prefer target-controlled infusion to reach a specific effect-site concentration, and PK/PD modeling in
MO would help bridge bolus-based EDs with concentration-guided regimens.

Further research is essential to optimize the use of ciprofol in patients with MO. More randomized studies that map
ciprofol dosing in the presence of standardized opioid regimens are warranted. Population PK/PD modeling could clarify
how obesity affects ciprofol distribution and clearance, providing valuable data to refine the effect-site targets for target-
controlled infusion systems. Additionally, comparative studies evaluating dosing regimens based on TBW, IBW, and
LBW during full induction and intubation would help identify the most hemodynamically stable and efficient strategy.
Although comparative studies of ciprofol and propofol for anesthesia induction in morbidly obese patients have been
conducted, further randomized trials focusing on specific subgroups (eg, varying degrees of obesity or comorbidities)
could provide more detailed insights.

Conclusions

In conclusion, using an up-and-down sequential method, we found that the LBW-scaled ED50 and ED95 of ciprofol for
LOC during induction in adults with MO were 0.492 and 0.634 mg.kg ', respectively. Hemodynamics were generally
well controlled and adverse events were infrequent. These results support LBW-based dosing and provide quantitative
guidance for initial bolus selection and titration in patients with MO while underscoring the need for further model-based
and comparative studies to optimize anesthetic care in this challenging population.

Data Sharing Statement
All datasets analyzed in this study are included in this article. Further inquiries can be directed to the corresponding
author.

Ethics Approval and Consent to Participate

The study was performed in accordance with the Declaration of Helsinki and was approved by the local institutional
Ethics Committee, Lishui People’s Hospital (approval number:2024-023-01) and registered in the Chinese Clinical Trial
Registry (registration number: ChiCTR2400094305). All the participants provided written informed consent.

Acknowledgments
We sincerely thank all the staff who assisted in this study and all subjects.

Author Contributions

All authors made a significant contribution to the work reported, whether in the conception, study design, execution,
acquisition of data, analysis, and interpretation, or in all these areas, took part in drafting, revising, or critically reviewing
the article; gave final approval of the version to be published; have agreed on the journal to which the article has been
submitted; and agree to be accountable for all aspects of the work.

Disclosure
The authors declare that they have no conflicts of interest in this work.

References

1. Ng M, Gakidou E, Lo J. Global, regional, and national prevalence of adult overweight and obesity, 1990-2021, with forecasts to 2050: a forecasting
study for the Global Burden of Disease Study 2021. Lancet. 2025;405:813-838. doi:10.1016/S0140-6736(25)00355-1

2. Ingrande J, Lemmens HIM. Dose adjustment of anaesthetics in the morbidly obese. Br J Anaesth. 2010;105:116-23. doi:10.1093/bja/aeq312

3. Hardt K, Wappler F. Anesthesia for Morbidly Obese Patients. Dtsch Arztebl Int. 2023;120:779-785. doi:10.3238/arztebl.m2023.0216

4. Jin X, Qiu T, Li L. Pathophysiology of obesity and its associated diseases. Acta Pharmaceutica Sinica B. 2023;13(6):2403-2424. doi:10.1016/j.
apsb.2023.01.012

5. Kim TK. Obesity and anesthetic pharmacology: simulation of target-controlled infusion models of propofol and remifentanil. Korean J Anesthesiol.
2021;74(6):478-487. doi:10.4097/kja.21345

6. Arora L, Sharma S, Carillo JF. Obesity and anesthesia. Curr Opin Anesthesiol. 2024;37(3):299. doi:10.1097/AC0.0000000000001377

10 https: Drug Design, Development and Therapy 2026:20


https://doi.org/10.1016/S0140-6736(25)00355-1
https://doi.org/10.1093/bja/aeq312
https://doi.org/10.3238/arztebl.m2023.0216
https://doi.org/10.1016/j.apsb.2023.01.012
https://doi.org/10.1016/j.apsb.2023.01.012
https://doi.org/10.4097/kja.21345
https://doi.org/10.1097/ACO.0000000000001377

Wu et al

foe]

e

10.

—_
—_

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

32.
33.

34.

35.

36.

37.

38.

39.

.Glen JB. The discovery and development of propofol anesthesia: the 2018 lasker-DeBakey clinical medical research award. JAMA.

2018;320:1235-1236. doi:10.1001/jama.2018.12756

. Yildirim SA, Dogan L, Sarikaya ZT, Ulugol H, Gucyetmez B, Toraman F. Hypotension after anesthesia induction: target-controlled infusion versus

manual anesthesia induction of propofol. J Clin Med. 2023;12(16):5280. doi:10.3390/jcm12165280

Sneyd JR, Absalom AR, Barends CRM, Jones JB. Hypotension during propofol sedation for colonoscopy: a retrospective exploratory analysis and
meta-analysis. Br J Anaesth. 2022;128(4):610-622. doi:10.1016/j.bja.2021.10.044

de WF, van VAL, de WRB. The effect of propofol on haemodynamics: cardiac output, venous return, mean systemic filling pressure, and vascular
resistancest. Br J. Anaesth. 2016;116(6):784-789. doi:10.1093/bja/aew126

. Cheymol G. Effects of obesity on pharmacokinetics implications for drug therapy. Clin Pharmacokinet. 2000;39(3):215-231. doi:10.2165/

00003088-200039030-00004

Lemmens HJ. Lemmens HJ m. Perioperative pharmacology in morbid obesity. Curr Opin Anaesthesiol. 2010;23(4):485-491. doi:10.1097/
ACO.0b013e32833b0a8c

Wei Y, Qiu G, Lei B. Oral delivery of propofol with methoxymethylphosphonic acid as the delivery vehicle. J Med Chem. 2017;60(20):8580-8590.
doi:10.1021/acs.jmedchem.7b01133

Qin L, Ren L, Wan S. Design, Synthesis, and Evaluation of Novel 2,6-Disubstituted Phenol Derivatives as General Anesthetics. J Med Chem.
2017;60(9):3606-3617. doi:10.1021/acs.jmedchem.7b00254

Xie D, Zhang Y, Li F. Efficacy and safety of ciprofol for gastroscopy in patients with obesity: a randomised clinical controlled trial using different
weight-based dosing scales. BMC Anesthesiol. 2025;25:112. doi:10.1186/s12871-025-02974-7

Xue Z, Liu X, Qian W. The Median Effective Dose of Ciprofol Combined with Sufentanil for Inhibiting Responses to Gastroscope Insertion in
Obese Patients: a Prospective, Single-Center Study. Drug Des Devel Ther. 2025;19:3577-3587. doi:10.2147/DDDT.S494972

Ingrande J, Brodsky JB, Lemmens HIM. Lean body weight scalar for the anesthetic induction dose of propofol in morbidly obese subjects. Anesth
Analg. 2011;113:57. doi:10.1213/ANE.0b013e3181f6d9¢0

Dong D, Peng X, Liu J, Qian H, Li J, Wu B. Morbid Obesity Alters Both Pharmacokinetics and Pharmacodynamics of Propofol: dosing
Recommendation for Anesthesia Induction. Drug Metab Dispos. 2016;44(10):1579-1583. doi:10.1124/dmd.116.071605

Wu Z, Li J, Wang C. Characterization of cardiovascular depression effect for propofol during anesthesia induction period on morbidly obese
patients. Biomed Pharmacother. 2018;106:618-623. doi:10.1016/j.biopha.2018.06.158

Janmahasatian S, Duffull SB, Ash S, Ward LC, Byrne NM, Green B. Quantification of lean bodyweight. Clin Pharmacokinet. 2005;44
(10):1051-1065. doi:10.2165/00003088-200544100-00004

. Lewis SR, Pritchard MW, Fawcett LJ. Bispectral index for improving intraoperative awareness and early postoperative recovery in adults.

Cochrane Database Syst Rev. 2019;2019:CD003843. doi:10.1002/14651858.CD003843.pub4

Yang D, Zhang W, Ruan Z. Drug—drug interaction study of ciprofol and sodium divalproex: pharmacokinetics, pharmacodynamics, and safety in
healthy Chinese subjects. Clin Transl Sci. 2023;16(10):1972-1981. doi:10.1111/cts.13605

Ainiwaer D, Jiang W. Efficacy and safety of ciprofol versus propofol for anesthesia induction in adult patients received elective surgeries:
a meta-analysis. BMC Anesthesiol. 2024;24(1):93. doi:10.1186/s12871-024-02479-9

Subramani Y, Riad W, Chung F, Wong J. Optimal propofol induction dose in morbidly obese patients: a randomized controlled trial comparing the
bispectral index and lean body weight scalar. Can J Anesth/J Can Anesth. 2017;64(5):471-479. doi:10.1007/s12630-017-0852-x

Yuan J, Liang Z, Geoffrey MB. Exploring the Median Effective Dose of Ciprofol for Anesthesia Induction in Elderly Patients: impact of Frailty on
EDS50. Drug Des Devel Ther. 2024;18:1025-1034. doi:10.2147/DDDT.S453486

Hudaib M, Malik H, Zakir SJ. Efficacy and safety of ciprofol versus propofol for induction and maintenance of general anesthesia: a systematic
review and meta-analysis. J Anesth Analg Crit Care. 2024;4(1):25. doi:10.1186/s44158-024-00160-8

Xiong H, Xu H, Yang Y, Hu B, Jiang K, Zou X. Median Effective Dose of Ciprofol Combined With Sufentanil for Inhibiting the Upper
Gastrointestinal Endoscopic Placement Reaction in Elderly Patients. Dose Response. 2024;22(2):15593258241248931. doi:10.1177/
15593258241248931

Zhao L, Zhou X, Zhang T. Determination of the Median Effective Dose of Ciprofol Combined with Sufentanil in Inhibiting Tracheal Intubation
Response in Female Patients. Sci Rep. 2025;15(1):11864. doi:10.1038/541598-025-95135-2

Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharmacokinetics and pharmacodynamics of propofol. Clin Pharmacokinet.
2018;57:1539-1558. doi:10.1007/s40262-018-0672-3

Jain R, Chung S, Jain L. Implications of obesity for drug therapy: limitations and challenges. Clin Pharmacol Ther. 2011;90:77-89. doi:10.1038/
clpt.2011.104

. Green B, Duffull SB. What is the best size descriptor to use for pharmacokinetic studies in the obese? Br J Clin Pharmacol. 2004;58:119-133.

doi:10.1111/j.1365-2125.2004.02157 x

Minto C, Schnider T. Contributions of PK/PD modeling to intravenous anesthesia. Clin Pharmacol Ther. 2008;84:27-38. doi:10.1038/clpt.2008.100
Schnider TW, Minto CF, Shafer SL. The influence of age on propofol pharmacodynamics. Anesthesiology. 1999;90:1502-1516. doi:10.1097/
00000542-199906000-00003

Purdon PL, Pavone KJ, Akeju O. The ageing brain: age-dependent changes in the electroencephalogram during propofol and sevoflurane general
anaesthesia. Br J Anaesth. 2015;115(Suppl 1):i46-57. doi:10.1093/bja/aev213

Nightingale CE, Margarson MP, Shearer E. Peri-operative management of the obese surgical patient 2015. Anaesthesia. 2015;70(7):859-876.
doi:10.1111/anae.13101

Hussain Z, Curtain C, Mirkazemi C, Zaidi STR. Peri-operative Medication Dosing in Adult Obese Elective Surgical Patients: a Systematic Review
of Clinical Studies. Clin Drug Investig. 2018;38(8):673—693. doi:10.1007/540261-018-0662-0

Xu G, Qiao N, Pan Y, Simayi A, Chen N. The appropriate dose of propofol for anesthesia induction in morbidly obese patients. Ann Palliat Med.
2020;9(4):1921-1927. doi:10.21037/apm-20-1223

Arnardottir ES, Mackiewicz M, Gislason T, Teff KL, Pack Al. Molecular Signatures of Obstructive Sleep Apnea in Adults: a Review and
Perspective. Sleep. 2009;32(4):447-470. doi:10.1093/sleep/32.4.447

Eleveld DJ, Colin P, Absalom AR, Struys MMRF. Pharmacokinetic—pharmacodynamic model for propofol for broad application in anaesthesia and
sedation. Br J Anaesth. 2018;120(5):942-959. doi:10.1016/j.bja.2018.01.018

Drug Design, Development and Therapy 2026:20 https: 11


https://doi.org/10.1001/jama.2018.12756
https://doi.org/10.3390/jcm12165280
https://doi.org/10.1016/j.bja.2021.10.044
https://doi.org/10.1093/bja/aew126
https://doi.org/10.2165/00003088-200039030-00004
https://doi.org/10.2165/00003088-200039030-00004
https://doi.org/10.1097/ACO.0b013e32833b0a8c
https://doi.org/10.1097/ACO.0b013e32833b0a8c
https://doi.org/10.1021/acs.jmedchem.7b01133
https://doi.org/10.1021/acs.jmedchem.7b00254
https://doi.org/10.1186/s12871-025-02974-7
https://doi.org/10.2147/DDDT.S494972
https://doi.org/10.1213/ANE.0b013e3181f6d9c0
https://doi.org/10.1124/dmd.116.071605
https://doi.org/10.1016/j.biopha.2018.06.158
https://doi.org/10.2165/00003088-200544100-00004
https://doi.org/10.1002/14651858.CD003843.pub4
https://doi.org/10.1111/cts.13605
https://doi.org/10.1186/s12871-024-02479-9
https://doi.org/10.1007/s12630-017-0852-x
https://doi.org/10.2147/DDDT.S453486
https://doi.org/10.1186/s44158-024-00160-8
https://doi.org/10.1177/15593258241248931
https://doi.org/10.1177/15593258241248931
https://doi.org/10.1038/s41598-025-95135-2
https://doi.org/10.1007/s40262-018-0672-3
https://doi.org/10.1038/clpt.2011.104
https://doi.org/10.1038/clpt.2011.104
https://doi.org/10.1111/j.1365-2125.2004.02157.x
https://doi.org/10.1038/clpt.2008.100
https://doi.org/10.1097/00000542-199906000-00003
https://doi.org/10.1097/00000542-199906000-00003
https://doi.org/10.1093/bja/aev213
https://doi.org/10.1111/anae.13101
https://doi.org/10.1007/s40261-018-0662-0
https://doi.org/10.21037/apm-20-1223
https://doi.org/10.1093/sleep/32.4.447
https://doi.org/10.1016/j.bja.2018.01.018

Wu et al

40.

41

42.

43.

44,

45.

46.
47.

Eleveld DJ, Proost JH, Cortinez LI, et al. A general purpose pharmacokinetic model for propofol. Anesth Analg. 2014;118(6):1221. doi:10.1213/
ANE.0000000000000165

. Wang S, Li Y, Chen F, et al. Comparison of the ED50 of Ciprofol Combined With or Without Fentanyl for Laryngeal Mask Airway Insertion in

Children: a Prospective, Randomized, Open-Label, Dose-Response Trial. Drug Des Devel Ther. 2024;18:4471-4480. doi:10.2147/DDDT.S466603
Zhang X, Zhang N, Song H, et al. ED50 of ciprofol combined with different doses of remifentanil during upper gastrointestinal endoscopy in
school-aged children: a prospective dose-finding study using an up-and-down sequential allocation method. Front Pharmacol. 2024;15:1386129.
doi:10.3389/fphar.2024.1386129

Petrun AM, Kamenik M. Bispectral index-guided induction of general anaesthesia in patients undergoing major abdominal surgery using propofol
or etomidate: a double-blind, randomized, clinical trial. Br J Anaesth. 2013;110(3):388-396. doi:10.1093/bja/aes416

Fassl J, High KM, Stephenson ER, et al. The intravenous anesthetic propofol inhibits human L-type calcium channels by enhancing
voltage-dependent inactivation. J Clin Pharmacol. 2011;51(5):719-730. doi:10.1177/0091270010373098

Saeed A, Elewidi M, Nawlo A, et al. Efficacy and safety of ciprofol versus propofol for induction of general anaesthesia or sedation: a systematic
review and meta-analysis of randomised controlled trials. Indian J Anaesth. 2024;68(9):776—794. doi:10.4103/ija.ija_104 24

Littleton SW. Impact of obesity on respiratory function. Respirology. 2012;17(1):43—49. doi:10.1111/j.1440-1843.2011.02096.x

Salome CM, King GG, Berend N. Physiology of obesity and effects on lung function. J App! Physiol. 2010;108(1):206-211. doi:10.1152/
japplphysiol.00694.2009

Drug Design, Development and Therapy DOVepI'eSS
Taylor & Francis Group
Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

12

n X in n Drug Design, Development and Therapy 2026:20


https://doi.org/10.1213/ANE.0000000000000165
https://doi.org/10.1213/ANE.0000000000000165
https://doi.org/10.2147/DDDT.S466603
https://doi.org/10.3389/fphar.2024.1386129
https://doi.org/10.1093/bja/aes416
https://doi.org/10.1177/0091270010373098
https://doi.org/10.4103/ija.ija_104_24
https://doi.org/10.1111/j.1440-1843.2011.02096.x
https://doi.org/10.1152/japplphysiol.00694.2009
https://doi.org/10.1152/japplphysiol.00694.2009
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Design
	Participants
	Weight Scalars and Monitoring
	Intervention
	Dose Allocation
	Study Outcomes
	Sample Size and Statistical Analysis

	Results
	Primary Outcome
	Secondary Outcomes
	Hemodynamic Parameters
	Adverse Events


	Discussion
	Conclusions
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Acknowledgments
	Author Contributions
	Disclosure

