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Background: Prophylactic antiemetics are routinely used in gastrointestinal surgery. This study investigated whether granisetron 
pretreatment alters norepinephrine requirements for preventing post-induction hypotension in elderly patients.
Methods: In this randomized double-blind trial, 64 patients (60–74 years) undergoing laparoscopic gastrointestinal resection received 
intravenous granisetron (3 mg) or saline placebo before induction. The 50% effective dose (ED50) of norepinephrine to prevent 
hypotension (>20% decrease in mean arterial pressure) within 30 min post-induction was determined using the up-down sequential 
method, with probit regression as confirmatory analysis.
Results: Baseline characteristics were comparable between the two groups. The up-down sequential analysis revealed that the ED50 of 
norepinephrine was significantly lower in the granisetron group (0.037 μg/kg/min [95% CI 0.031–0.040 μg/kg/min]) than in the control 
group (0.049 μg/kg/min [95% CI 0.043–0.052 μg/kg/min]) (P < 0.001) representing an approximate 24% reduction. This finding was 
supported by probit regression analysis, which estimated ED50 values of 0.040 μg/kg/min [95% CI 0.033–0.051 μg/kg/min] and 
0.052 μg/kg/min [95% CI 0.045–0.064 μg/kg/min] for the granisetron and control groups, respectively. No significant difference was 
observed in the incidence of postoperative nausea and vomiting between the two groups.
Conclusion: Granisetron pretreatment significantly reduces the ED50 of norepinephrine required to prevent post-induction hypoten
sion in elderly patients by approximately 24% indicating a pharmacodynamic interaction consistent with enhanced vasopressor 
efficacy. These findings indicate that pre-induction antiemetic administration may represent a potentially favorable timing strategy.
Keywords: hypotension, norepinephrine, granisetron, elderly, laparoscopic gastrointestinal surgery, effective dose 50, ED50

Background
Hypotension after the induction of general anesthesia (GAIH) is a frequent and clinically significant complication during 
the peri-induction period. Studies indicate a high incidence, with rates of 73.2% observed between anesthesia induction 
and endotracheal intubation, and up to 96.8% from intubation until skin incision.1 GAIH is typically defined as 
a reduction in mean arterial pressure or systolic blood pressure exceeding 20% from baseline values.

Laparoscopic gastrointestinal surgery requires general anesthesia and the creation of an artificial pneumoperitoneum, 
which increases intra-abdominal pressure and may compromise cardiovascular and respiratory function.2–4 Patients 
undergoing gastrointestinal surgery are at increased risk due to prolonged preoperative fasting, potential chronic 
hypovolemia from inadequate nutrient absorption, and bowel preparation—all of which may contribute to relative 
intravascular volume depletion and electrolyte disturbances.5–8 This risk is further amplified in elderly patients, whose 
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diminished cardiovascular reserve makes them particularly susceptible to GAIH and subsequent imbalances in myocar
dial oxygen supply and demand, even with adjusted anesthetic dosing.

Prophylactic administration of vasoactive agents to prevent GAIH has been extensively investigated, among which 
norepinephrine has emerged as the most commonly used and first-line vasopressor due to its potent α-adrenergic- 
mediated vasoconstriction and moderate β1-adrenergic effects that counteract anesthesia-induced vasodilation and 
myocardial depression.5,9,10 From a clinical perspective, reducing the required dose of norepinephrine is desirable, as 
it may minimize dose-dependent adverse effects including tachycardia, arrhythmias, and excessive vasoconstriction- 
induced tissue hypoperfusion, particularly in elderly patients with limited cardiovascular reserve.

Concurrently, patients undergoing gastrointestinal surgery are at high risk for postoperative nausea and vomiting 
(PONV), for which 5-HT3 receptor antagonists like granisetron are routinely administered. Intriguingly, emerging 
evidence suggests that 5-HT3 antagonists may also modulate cardiovascular reflexes. For instance, ondansetron and 
granisetron have been shown to attenuate hypotension and bradycardia associated with neuraxial anesthesia, an effect 
attributed to blockade of the Bezold–Jarisch reflex.11–14 Recent clinical data further indicate that prophylactic granisetron 
can reduce the incidence of GAIH in elderly patients.15 However, these studies focused primarily on hypotension 
incidence rather than vasopressor dose requirements, leaving the potential pharmacodynamic interaction between 
granisetron and norepinephrine largely unexplored. It is currently unknown whether pre-administration of granisetron 
influences the dose requirement or efficacy of norepinephrine in preventing GAIH.

Therefore, beyond simply reducing the incidence of hypotension, understanding whether granisetron alters the 
norepinephrine dose requirement has direct clinical implications. A reduced norepinephrine 50% effective dose (ED50) 
would suggest a pharmacodynamic sparing effect, potentially allowing clinicians to achieve adequate blood pressure 
control with lower vasopressor exposure. This study aimed to investigate the effect of granisetron pretreatment on the 
ED50 of norepinephrine for preventing hypotension following anesthesia induction in elderly patients undergoing elective 
laparoscopic gastrointestinal surgery.

Materials and Methods
Ethical Approval and Trial Registration
This prospective, randomized, double-blind, controlled trial was approved by the Ethics Committee of Sir Run Run Shaw 
Hospital, Zhejiang University School of Medicine (Approval No. 2022–0030) and registered at the Chinese Clinical Trial 
Registry (Registration No. ChiCTR2200061900). Written informed consent was obtained from all participants. The study 
was conducted in accordance with the CONSORT guidelines and the Declaration of Helsinki.

Study Subjects
Seventy patients, aged 60–74 years, scheduled for elective laparoscopic gastroenterectomy were initially enrolled. 
Inclusion criteria were: American Society of Anesthesiologists physical status II, body mass index (BMI) between 
18.0 and 24.0 kg/m2, and the presence of one or two high-risk factors for postoperative nausea and vomiting (PONV).

Exclusion criteria included: a significant history of cardiovascular or cerebrovascular disease; severe arrhythmia, 
cardiac insufficiency, or severe valvular heart disease; severe respiratory disease; uncontrolled hypertension (grade II or 
above) or long-term use of angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB); 
hyperthyroidism; hepatic or renal insufficiency; uncontrolled diabetes mellitus; gastrointestinal obstruction; known 
allergy to the study drugs or anesthetic agents; and being part of a vulnerable population (eg., those with mental illness, 
critical illness, cognitive impairment, or illiteracy).

Intraoperative exclusion criteria were: requirement for drug doses exceeding the predefined induction regimen, 
difficult airway management, failure of radial artery or internal jugular vein catheterization, or voluntary withdrawal 
by the subject. Patients who were excluded were replaced, with the next enrolled subject assigned to the same group. 
Dose allocation was performed by an independent researcher who was not involved in patient recruitment. This ensured 
that allocation concealment was maintained throughout the replacement process.
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Study Protocol and Intervention
Eligible patients were randomly allocated into one of two groups using a computer-generated sequence. Allocation 
concealment was achieved using sequentially numbered, opaque, sealed envelopes. The granisetron group (Group G) 
received 3 mg of granisetron diluted in 20 mL of normal saline intravenously 30 minutes before anesthesia induction, 
whereas the control group (Group C) received 20 mL of normal saline at the same time point. To ensure that all patients 
received prophylaxis against postoperative nausea and vomiting (PONV), Group C was administered 3 mg of granisetron 
diluted in 20 mL of normal saline at the end of surgery, while Group G received 20 mL of normal saline at that time. The 
investigators, attending anesthesiologists, and outcome assessors were blinded to group assignment.

Up-and-Down Sequential Method
A sequential up-and-down method was employed to determine the 50% effective dose (ED50) of norepinephrine for 
preventing hypotension. The starting infusion rate of norepinephrine was set at 0.03 μg/kg/min, initiated immediately 
after anesthesia induction. The response of each patient determined the dose for the subsequent patient in the same group. 
If hypotension (defined as a mean arterial pressure decrease >20% from baseline or systolic blood pressure <90 mmHg) 
occurred within 30 minutes post-induction, the norepinephrine dose for the next patient was increased by 0.005 μg/kg/ 
min. If hypotension did not occur, the dose for the next patient was decreased by the same increment.

Anesthetic Management and Monitoring
Upon arrival in the operating room, standard monitoring was established, including electrocardiography, pulse oximetry, 
and spectral entropy (SE). A 20G intravenous catheter was inserted for fluid administration (lactated Ringer’s solution, 
5–7 mL/kg as a preload). Invasive arterial pressure monitoring via radial artery catheterization and central venous access 
via the right internal jugular vein were established.

Anesthesia was induced with intravenous midazolam (0.03 mg/kg), sufentanil (0.5 μg/kg), cisatracurium (0.15 mg/ 
kg), and propofol (1.5 mg/kg). Supplemental propofol (0.5 mg/kg) was given if SE remained above 60. Tracheal 
intubation was performed when SE reached 40–60. Anesthesia was maintained with propofol infusion (3 mg/kg /h), 
remifentanil (6 μg/kg/h), dexmedetomidine (0.4 μg/kg/h), and sevoflurane (1–1.5%). Mechanical ventilation was set to 
volume-controlled mode. Intraoperative fluid maintenance consisted of lactated Ringer’s solution at 5 mL/kg/h. During 
the observation period, if a patient’s blood pressure decreased by more than 20% from the baseline value following 
norepinephrine infusion after the induction of general anesthesia, ephedrine (6 mg) was administered intravenously to 
elevate blood pressure. If blood pressure increased by more than 20% above the baseline, the norepinephrine infusion 
was temporarily discontinued, and anti-hypertensive treatment was administered if necessary. In cases of severe 
bradycardia (heart rate < 45 beats per minute), atropine (0.3 mg) was given to increase the heart rate.

Data Collection
Demographic and baseline clinical data were recorded. For each patient, the assigned norepinephrine dose and the 
occurrence of hypotension were documented. Hemodynamic parameters—systolic blood pressure (SBP), diastolic blood 
pressure (DBP), mean arterial pressure (MAP), and heart rate (HR)—were recorded at predefined time points: 1 minute 
before induction; 1, 3, and 5 minutes after induction; and 1, 3, 5, 10, 15, and 20 minutes after tracheal intubation. 
Moreover, The incidence of adverse events, including hypertension (MAP >120% of baseline), hypotension (MAP <80% 
of baseline), bradycardia (heart rate <60 beats per minute), and postoperative nausea and vomiting (PONV) within 
24 hours after surgery, was documented during the study observation period.

Sample Size Determination and Statistical Analysis
The sample size was determined a priori. According to established methodological recommendations for sequential 
design trials, a sample of 20 to 40 participants per group is generally considered sufficient to obtain a reliable estimate of 
the ED50.16 Accordingly, we planned to enroll 32 patients in each group. We acknowledge that no externally validated 
minimal clinically important difference (MCID) for norepinephrine ED50 has been published in this specific clinical 
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setting. Therefore, we prospectively defined a ≥20% reduction as clinically meaningful based on a 26% reduction in 
phenylephrine ED50 by ondansetron (another 5-HT3 antagonist) has been reported as clinically beneficial.13

The primary outcome was the ED50 of norepinephrine for preventing post-induction hypotension, calculated using the 
up-and-down sequential method. The ED50 was initially determined by calculating the mean of the crossover midpoints 
for all independent pairs of subjects within the sequence, where the response transitioned from “ineffective” to 
“effective”. The corresponding 95% confidence interval (CI) and standard error were computed using the method 
described by Choi,17 and group differences in ED50 values were compared using the “estimate()” and “compare()” 
function from the R package “ed50simulation” (version 0.1.1).

Continuous variables were expressed as mean ± standard deviation or median [interquartile range] based on their 
distribution, which was assessed using the Kolmogorov–Smirnov test. Comparisons between groups were performed 
using the independent Student’s t-test or the Mann–Whitney U-test, as appropriate. Categorical variables were presented 
as counts (percentages) and analyzed using the Chi-square test or Fisher’s exact test.

A probit regression analysis was performed as a sensitivity analysis to validate the primary ED50 estimation. The 
numbers of patients with “effective” and “ineffective” responses at each administered dose level were used for the model 
fit. This analysis provided an alternative estimate of the ED50 and its 95% CI for each group.

Statistical analyses were performed using GraphPad Prism (version 6.0, GraphPad Software, San Diego, CA, USA) 
and R (version 4.3.1). A two-tailed P-value < 0.05 was considered statistically significant.

Results
From July 15 to November 15, 2022, a total of 70 patients were screened for eligibility. Of these, five did not meet the 
inclusion criteria, and one declined to participate. Ultimately, 64 subjects provided written informed consent, were 
randomized, and completed the study, with 32 patients assigned to each group. The study flow diagram is presented in 
Figure 1.

Baseline characteristics were well balanced between the two groups. No significant differences were observed 
between the two groups of elderly patients in terms of age, sex, height, weight, metabolic equivalent of task (MET) 
classification, history of cardiovascular or cerebrovascular diseases, arrhythmia, liver function, baseline MAP, or baseline 
HR (all P > 0.05), as summarized in Table 1.

Figure 1 CONSORT diagram showing the flow of patients through the study.
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The individual response sequences to prophylactic norepinephrine for preventing post-induction hypotension in both 
groups are shown in Figure 2. The ED50 of norepinephrine, determined by the up-down sequential method, was 0.049 μg/ 
kg/min (95% CI 0.043–0.052 μg/kg/min) in the Group C and 0.037 μg/kg/min (95% CI 0.031–0.040 μg/kg/min) in the 
Group G, representing an approximate 24% reduction with granisetron pretreatment, which exceeded the predefined 
minimal clinically important difference (MCID) of 20% (P < 0.05). This finding was corroborated by probit regression 
analysis, which yielded similar ED50 estimates of 0.052 μg/kg/min (95% CI 0.045–0.064 μg/kg/min) for Group C and 
0.040μg/kg/min (95% CI 0.033–0.051 μg/kg/min) for Group G (P < 0.05) (Figure 3).

No statistically significant differences were observed between the groups in the incidence of adverse events, including 
hypotension, hypertension, bradycardia, or postoperative nausea and vomiting (PONV) within 24 hours after surgery 
(Table 2).

Discussion
This randomized placebo-controlled study is the first to investigate the effect of intravenous granisetron on the ED50 of 
norepinephrine for preventing post-induction hypotension in elderly patients undergoing laparoscopic gastrointestinal 
surgery. Our results demonstrate that prophylactic granisetron administration significantly reduces the norepinephrine 
requirement, with the ED50 decreasing from 0.049 μg/kg/min in the control group to 0.037 μg/kg/min in the granisetron 
group—a reduction of approximately 24%. This finding was consistently confirmed by both up-down sequential analysis 
and probit regression, supporting the robustness of our observations. Notably, this reduction in the vasopressor require
ment was achieved without compromising the established prophylactic efficacy of granisetron against PONV.

Induction of general anesthesia frequently causes significant hemodynamic instability, particularly in elderly 
patients.18 The underlying mechanisms are multifactorial, including reduced systemic vascular resistance,19 decreased 

Table 1 Characteristics of the Study Subjects. Data are Presented as 
Mean ± SD or Number (Percentage)

Group G n=32 Group C n=32 P

Age, years 65.41±5.27 66.16±5.17 0.57

Gender (female) 8 (25%) 7 (21.9%) 0.71

Height, cm 166.06±7.54 166.59±6.47 0.90
Weight, Kg 65.78±10.41 61.46±9.51 0.09

Coronary heart disease 2 (6.3%) 2 (6.3%) >0.99

Cerebrovascular disease 1 (3.1%) 2 (6.3%) 0.56
Chronic pulmonary disease 8 (25%) 9 (28.1%) 0.77

AST, U/L 21.19±5.94 23.59±11.74 0.87
ALT, U/L 18.97±7.79 21.53±14.90 0.84

Figure 2 Individual responses to prophylactic norepinephrine at corresponding infusion rates (μg/kg/min) in the control group (Group C and granisetron group (Group G). 
The ED50 of norepinephrine calculated by up-down sequential analysis was 0.049 μg/kg/min (95% CI, 0.043–0.052 μg/kg/min) in Group C and 0.037 μg/kg/min (95% CI, 
0.031–0.040 μg/kg/min) in Group G. Solid horizontal lines represent the ED50 values, and dashed lines represent the 95% confidence intervals. CI indicates confidence 
interval; ED50, effective dose in 50% of subjects.
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myocardial contractility,20 and impaired baroreflex function21 induced by anesthetic agents. Although no universally 
accepted definition of intraoperative hypotension exists,22 a common criterion is a >30% decrease in mean arterial 
pressure from baseline, which has been associated with increased risk of perioperative complications in elderly 
populations.23 In the present study, we defined hypotension as a >20% reduction in mean arterial pressure from baseline 
values, a threshold consistent with previous investigations in this field.24

Numerous studies have evaluated the effects of 5-HT3 receptor antagonists on spinal anesthesia-induced hypotension, 
though results have been inconsistent.25–27 A meta-analysis of 17 randomized controlled trials demonstrated that 
prophylactic 5-HT3 antagonists effectively reduce the incidence of hypotension and bradycardia in obstetric 

Figure 3 Dose-response curves and 95% confidence intervals for the ED50 of norepinephrine in the two groups, derived from probit regression analysis. The ED50 of 
norepinephrine was 0.052 μg/kg/min (95% CI, 0.045–0.064 μg/kg/min) in the control group (Group C and 0.040 μg/kg/min (95% CI, 0.033–0.051 μg/kg/min) in the granisetron 
group (Group G). CI indicates confidence interval; ED50, effective dose in 50% of subjects.

Table 2 Adverse Reactions. Data are Presented as Number (%)

Group G n=32 Group C n=32 P

Bradycardia 

(HR <60 bpm)

26 (81.3%) 26 (81.3%) 1

Hypertension 3 (9.4%) 7 (21.9%) 0.18
Hypotension 20 (62.5%) 20 (62.5%) 1

PONV 10 (31.2%) 11 (34.3%) >0.99

Requiring norepinephrine discontinuation 1 (3.1%) 0 (0%) >0.99
Requiring atropine 1 (3.1%) 2 (6.3%) >0.99

Requiring ephedrine 9 (28.15%) 9 (28.15%) 1
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populations;28 however, this analysis did not quantitatively assess vasopressor dose requirements. Although granisetron 
and ondansetron share similar mechanisms as 5-HT3 receptor antagonists, granisetron exhibits higher selectivity and 
minimal affinity for histaminergic or dopaminergic receptors.29 Moreover, previous work suggested that granisetron 
attenuates the decline in mean arterial pressure more effectively than ondansetron, a clinically relevant distinction.27 

These observations provided the rationale for our investigation into granisetron’s hemodynamic effects on the ED50 of 
norepinephrine for preventing post-induction hypotension in elderly patients undergoing laparoscopic gastrointestinal 
surgery.

The observed 24% reduction in norepinephrine ED50 provides proof of concept that pre-induction granisetron exerts 
a pharmacodynamic sparing effect on vasopressor requirements. The most plausible mechanism underlying our findings 
involves blockade of the Bezold–Jarisch reflex, a cardioinhibitory reflex mediated by serotonin receptors on cardiac vagal 
afferents.30 Activation of this reflex during anesthesia induction—triggered by reduced venous return, decreased 
ventricular volume, and increased myocardial contractility—can precipitate bradycardia and hypotension. By antagoniz
ing 5-HT3 receptors in cardiac sensory nerve endings, granisetron may attenuate this reflex, thereby enhancing 
hemodynamic stability and reducing exogenous vasopressor requirements. Although no studies have definitively estab
lished the occurrence of the Bezold–Jarisch reflex in elderly patients, evidence suggests a bimodal age distribution: 
younger patients are more prone to bradycardia, whereas elderly patients predominantly exhibit hypotension.31 The high 
incidence of both hypotension and bradycardia following anesthesia induction in elderly populations supports the 
potential relevance of this reflex and the therapeutic role of 5-HT3 antagonists. It is noteworthy that the 62.5% 
hypotension incidence observed in both groups does not imply a lack of effect of the intervention, but is instead inherent 
to the up and down sequential design. Moreover, It is possible that the lower norepinephrine dose could translate into 
fewer dose-dependent adverse events (eg, arrhythmias, tissue hypoperfusion) in a larger, adequately powered trial 
focusing on clinical outcomes rather than ED50. For now, our results should be interpreted as a hypothesis-generating 
pharmacodynamic interaction, not as evidence of improved patient outcomes. Future studies should be designed with 
sample sizes sufficient to detect differences in clinically meaningful endpoints, such as postoperative myocardial injury, 
acute kidney injury, or length of hospital stay, while also evaluating the cost-effectiveness of adding granisetron to 
standard anesthetic protocols.

The PONV rates (31.2% vs 34.3%) are in the expected range for elderly patients undergoing laparoscopic gastro
intestinal surgery under general anesthesia, even with prophylactic antiemetics. The comparable incidence of PONV 
between groups confirms that our study design—administering granisetron to control patients at the end of surgery— 
provided equitable antiemetic prophylaxis without confounding the primary hemodynamic outcome. This approach 
maintained ethical standards for PONV prevention in this high-risk population while isolating the pre-induction effect 
of granisetron. However, these PONV findings are exploratory in nature, as the study was not powered for secondary 
endpoints; further investigations with adequate sample sizes are warranted to definitively assess the impact of pre- 
induction granisetron on postoperative nausea and vomiting.

The relatively high bradycardia rate in our study (81.3% in both groups) can be explained by two factors. First, both 
groups received a fixed low-dose dexmedetomidine infusion (0.4 μg/kg/h), which is known to cause bradycardia via 
central α2-adrenoceptor activation. The incidence did not differ between groups, indicating a protocol-related phenom
enon rather than a specific effect of granisetron.

Second, the bradycardia definition we used — heart rate < 60 bpm — is a standard but relatively sensitive threshold. 
Many elderly patients have baseline heart rates in the 60–70 bpm range, and even a small decrease during anesthesia can 
cross this cutoff, leading to a “bradycardia” event label. Importantly, all episodes in our study were asymptomatic and 
either self-limited or responded to a single low-dose atropine. None required discontinuation of dexmedetomidine or 
were associated with hypotension. If a more clinically selective threshold (eg, heart rate < 50 bpm) had been applied, the 
reported bradycardia rate would have been much lower, aligning with typical clinical expectations.

Several limitations should be acknowledged. First, this was a single-center study with a relatively modest sample size, 
which may limit generalizability. However, the sequential design methodology is well-established for ED50 estimation 
and provides efficient and reliable dose-finding with smaller cohorts.16 Second, our study population was restricted to 
patients aged 60–74 years with ASA physical status II and normal BMI; whether these findings extend to other age 
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groups, higher-risk patients, or those with obesity requires further investigation. Third, the general anesthesia protocol 
included multiple agents (eg, propofol, opioids, and dexmedetomidine), each with significant hemodynamic effects. 
Consequently, the estimated ED50 of norepinephrine for preventing post-induction hypotension may be subject to 
potential interference from these concomitant medications, and the isolated effect of granisetron on vasopressor require
ment should be interpreted within this context. Fourth, we focused on the immediate post-induction period (30 minutes); 
the duration of granisetron’s vasopressor-sparing effect beyond this window remains unknown. Fifth, while we hypothe
size involvement of the Bezold–Jarisch reflex, we did not directly measure cardiac vagal activity or serotonin concentra
tions; mechanistic studies are needed to confirm the underlying pathways. Finally, the ED50 represents 
a pharmacodynamic endpoint; whether the observed reduction in norepinephrine requirement translates into improved 
clinical outcomes—such as reduced postoperative complications, shorter hospital stay, or enhanced recovery—merits 
further investigation in larger trials.

Conclusion
Pre-induction granisetron offers a significant norepinephrine-sparing effect compared with end-of-surgery administration, 
representing a potentially favorable timing strategy. Future studies should explore the underlying mechanisms, investi
gate dose-response relationships, and determine whether this vasopressor-sparing effect translates into improved perio
perative outcomes.
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