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Abstract:

Background: "Body mass index (BMI) significantly influences anesthetic pharmacokinetics, pharmacodynamics,
and postoperative recovery. Obesity and overweight alter drug distribution, metabolism, and elimination, affecting
anesthetic requirements and recovery times.

Aim: To evaluate the impact of BMI on anesthetic drug requirements and recovery profile in patients undergoing
elective surgeries under general anesthesia.

Methodology: This prospective, observational study included 80 adult patients (ASA I-II) undergoing elective
surgeries at the Department of Anesthesia, Sadar Hospital, Koderma, Jharkhand, India, over 6 months. Patients
were categorized into normal (n=26), overweight (n=27), and obese (n=27) BMI groups. Induction doses of
propofol and fentanyl, intraoperative anesthetic consumption, and recovery parameters (time to eye opening,
verbal response, Aldrete >9) were recorded. Data were analyzed using ANOVA, Chi-square test, and Pearson’s
correlation.

Results: Weight-adjusted propofol and fentanyl doses decreased with increasing BMI (p < 0.05), while total
propofol and inhalational agent consumption increased (p < 0.001). Recovery times were prolonged in higher
BMI groups (T1: 6.2 — 10.4 min; T2: 7.1 — 12.2 min; T3: 11.4 — 18.6 min; p < 0.001). BMI correlated
negatively with propofol mg/kg (r =—0.62) and positively with total propofol (r = 0.71), inhalational consumption
(r=0.65), and recovery times (r = 0.74-0.79).

Conclusion: Elevated BMI is associated with higher absolute anesthetic requirements and delayed recovery
despite reduced per-kilogram dosing. Individualized dosing strategies and careful perioperative monitoring are
recommended for optimal outcomes.
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Introduction

The body ‘mass index (BMI) has become one of the
most important anthropometric parameters that af-
fect the perioperative anesthetic care and postopera-
tive results [1]. BMI is defined as kilograms weight
divided by the square of height in meters and is a
highly generic surrogate endpoint of fat distribution
in the body and nutritional health. Following the
classification that has been suggested by the World
Health Organization, people are defined under-
weight, normal weight, overweight, and obese in ac-
cordance with certain BMI levels. Anesthetic impli-
cation of altered BMI has become more pertinent in
the ordinary clinical practice given the fact that prev-
alence of overweight and obesity has gained signifi-
cance all over the world in the past decades. Each
end of the BMI (underweight and obesity) has dis-
tinct physiological problems both of which have an
enormous impact on the pharmacokinetics and phar-
macodynamics of anesthetic drugs, their dosage reg-
imen and recovery processes after surgery [2].

The demand of anesthetic drugs is extremely de-
pendent on the body composition change linked to
the fluctuation of the BMI [3]. Obese patients have
a change of the volume distribution of lipophilic an-
esthetic drugs like propofol, benzodiazepines and
volatile anesthetics due to the increase in mass of ad-
ipose tissue. Enhanced fat stores can also increase
the rate of drug retention and subsequent release into
systemic circulation and this may slow down the
process of anesthesia recovery. In contrast, hydro-
philic drugs can find their way into the lean body
mass and the extracellular fluid and their dose
should be adjusted according to the ideal or adjusted
body weight as opposed to the total body weight. In
the underweight patients, muscle mass, plasma pro-
tein concentration, and organ mechanisms are also
decreased and this may convert into a sensitive area
of the drug and decreased clearance, subsequently
decreasing the anesthetic requirement [4]. There-
fore, differences in BMI have a direct effect on the
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dosage of induction and maintenance level of anes-
thetic drugs.

The change (pharmacokinetic) of patients with high
BMI is further exacerbated by changes in cardiac
output, hepatic blood flow, and renal clearance [5].
Obesity is said to be connected with the elevation of
the cardiac output and the greatly enlarged blood
volume that can both raise the initial distribution of
the drug and alter the peak plasma concentrations.
Further, hepatic steatosis and enzymatic activity will
also change the drug metabolism, whereas the renal
changes may alter the elimination half-life. These
body adjustments make it difficult to predict the
level of anesthesia and the recovery period. A con-
stant dose of a drug that does not take into account
the BMI can cause underdosing (resulting in in-
traoperative awareness -or overdosing) that results
in slower emergence and respiratory depression [6].

BMI also has a strong impact on airway care and res-
piratory physiology which, in turn, affects anesthetic
needs and recovery patterns [7]. The obese patients
are characterized by low functional residual capac-
ity; high oxygen use and high probability of devel-
oping hypoventilation or obstructive sleep apnea.
These qualify them to be desaturated quickly at in-
duction and long postoperative hypoxemia [8] pre-
disposed. Consequently, anesthesiologists tend to
change the dosage of sedatives and opioids to
achieve the minimum respiratory depression and
sufficient analgesia and hypnosis. On “the other
hand, underweight patients can have less strength in
respiratory muscles and also feel changed ventila-
tory responses which can also change the anesthetic
sensitivity and recovery properties.

Anesthetic recovery is a complex process that de-
pends on the various factors based on the drug ex-
cretion, drugs redistribution, metabolic rate and in-
dividual physiological reserves of a patient [9].
Stronger BMI is linked to the extended recovery, de-
lays of the process of extubation, and longer post-
anesthesia care unit hours related to residual seda-
tive effects and poor respiratory performance. The
deposition of lipophilic agents in adipose tissue can
cause the slowness of the clearance processes and re-
sedation. Furthermore, comorbidities like diabetes
mellitus, hypertension, and heart disease associated
with obesity can further complicate the process of
recovery because they negatively affect the func-
tionality of organs and predispose patients to periop-
erative risk [10]. Conversely, underweight patients
can have an accelerated redistribution of some lipo-
philic drugs but still have risks of hypotension, hy-
pothermia and delayed wound healing, which could
affect the quality of recovery.

The development of anesthetic drugs and monitor-
ing has underlined the focus on the personalized dos-
age procedure based on BMI and body structure.
Target-controlled infusion systems, depth-of-
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anesthesia systems, and multimodal analgesic ap-
proaches should be employed to increase the effi-
ciency of drugs administration and reduce negative
consequences. Modern anesthetic practice is sug-
gesting the use of lean body weight or adjusted body
weight or pharmacokinetic modeling instead of total
body weight alone in patients. These interventions
aim at promoting intraoperative hemodynamic sta-
bility, minimising postoperative complications, and
rapid recovery.

Altogether, BMI has a significant influence on anes-
thetic drug needs and post-surgical recovery due to
complicated changes in pharmacokinetics, pharma-
codynamics, and physiology. The increasing weight
of abnormal BMI in the world creates the need to
know these relations so that anesthetic support can
be provided safely and effectively. Having a good
understanding of BMI-related differences can allow
anesthesiologists to develop a more precise dose of
medications, predict complications, and enhance re-
covery in a wide range of patients.

Methodology

Study Design: The present study was designed as a
hospital-based prospective, observational analytical
study to evaluate the impact of Body Mass Index
(BMI) on anesthetic drug requirements and recovery
profile among patients undergoing elective surgeries
under general anesthesia.

Study Area: The study was conducted in the De-
partment of Anesthesia, Sadar Hospital, Koderma,
Jharkhand, India.

Study Duration: The duration of the study was 6
months from June 2024 to November 2024.

Study Participants: A total of 80 adult patients
scheduled for elective surgical procedures under
general anesthesia were enrolled in the study.

Inclusion Criteria

e Patients aged between 18-65 years.

e Patients of either gender.

e Patients belonging to American Society of An-
esthesiologists (ASA) physical status I and II.

e Patients undergoing elective surgeries under
general anesthesia with supraglottic airway de-
vice or endotracheal intubation.

e Patients categorized into BMI groups according
to WHO classification” (Normal weight: 18.5—
249 kg/m? Overweight: 25-29.9 kg/m?
Obese: 230 kg/m?).

e Patients "who provided written informed con-
sent.

Exclusion Criteria

e Patients with BMI <18.5 kg/m?.
e Patients with ASA physical status III or above.
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e Patients with significant cardiovascular, respir-
atory, hepatic, renal, or neurological disorders.
Patients with known neuromuscular diseases.
Patients on chronic sedative or opioid therapy.
Pregnant or lactating women.

Patients with anticipated difficult airway.
Patients unwilling to participate in the study.

Sample Size: The sample size of the study was 80
patients. The participants were distributed propor-
tionately across different BMI categories to assess
variations in anesthetic drug requirements and re-
covery characteristics.

Procedure: The process of recruiting eligible pa-
tients started after we obtained and written informed
consent during their pre-anesthetic evaluation. The
researchers used the formula weight (kg) divided by
height squared (m?) to calculate BMI, which they
used to classify the patients into different categories.

Standard guidelines required all patients to remain
nil per oral during their treatment. The operating
room established standard monitoring which in-
cluded electrocardiography (ECG) non-invasive
blood pressure (NIBP) pulse oximetry (SpO:) and
end-tidal carbon dioxide (EtCO:) monitoring as
soon as the patient arrived. The medical team docu-
mented the initial vital signs of the patient.

The premedication procedure used intravenous mid-
azolam at a dosage range of 0.02 to 0.03 mg per kil-
ogram together with fentanyl at a dosage range of 1
to 2 micrograms per kilogram. The anesthesia induc-
tion process used propofol which doctors adminis-
tered through intravenous injection until patients
lost their ability to speak. The total induction dose
required (mg/kg) was recorded. Clinicians used ei-
ther a supraglottic airway device or endotracheal
tube for airway management depending on clinical
requirements. The medical staff gave patients neu-
romuscular blocking agents according to their needs
and recorded the total dosage.

Anesthesia was maintained using inhalational agents
(sevoflurane or isoflurane) in oxygen and air mix-
ture, with concentration adjusted to maintain ade-
quate depth of anesthesia. Additional doses of opi-
oids or anesthetic agents were administered based on
hemodynamic responses. Total intraoperative anes-
thetic consumption was recorded.

At the end of surgery, inhalational agents were dis-
continued, and reversal of neuromuscular blockade
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was administered where applicable. Recovery pa-
rameters recorded included:

1. Time from discontinuation of anesthetic agent
to eye opening on verbal command (T1).

2. Time to response to verbal commands (T2).

3. Time to achieve Aldrete recovery score >9 (T3).

Hemodynamic parameters and any perioperative ad-
verse events were documented. The relationship be-
tween BMI and total anesthetic drug requirement
(mg/kg), as well as recovery times, was assessed.

Statistical Analysis: Data were “entered into Mi-
crosoft Excel and analyzed using Statistical Package
for the Social Sciences (SPSS) version 27.0. Contin-
uous variables were expressed as mean + standard
deviation (SD), and categorical variables were ex-
pressed as frequency and percentage. Comparison
between BMI groups was performed using inde-
pendent sample t-test or one-way ANOVA for con-
tinuous variables and Chi-square test for categorical
variables. Correlation between BMI and anesthetic
drug requirement as well as recovery times was as-
sessed using Pearson’s correlation coefficient and
linear regression analysis. A p-value of <0.05 was
considered statistically significant.

Result

Table 1 presents the demographic characteristics of
the study participants according to BMI group, in-
cluding normal (n = 26), overweight (n = 27), and
obese (n = 27) categories. The mean age showed a
gradual increase from the normal group (39.4 + 8.2
years) to the overweight (41.1 + 9.0 years) and obese
groups (42.5 + 7.8 years); however, this difference
was not statistically significant (p = 0.382), indicat-
ing comparable age distribution across groups. Gen-
der distribution was also similar, with males com-
prising 53.8% in the normal group, 55.6% in the
overweight group, and 51.9% in the obese group (p
= 0.964), demonstrating no significant difference in
sex composition. In contrast, the mean BMI values
differed significantly among the three groups, with
22.3 £ 1.4 kg/m? in the normal group, 27.1 + 1.3
kg/m? in the overweight group, and 32.8 + 2.1 kg/m?
in the obese group (p <0.001), confirming appropri-
ate categorization of participants based on BMI.
Overall, the groups were comparable in terms of age
and gender, while BMI showed a statistically signif-
icant variation as expected.

Table 1: Demographic Characteristics According to BMI Group
Variable Normal (n=26) Overweight (n=27) | Obese (n=27) | p-value
Age (years) (Mean = SD) 39.4+8.2 41.1+£9.0 425+7.8 0.382
Male, n (%) 14 (53.8%) 15 (55.6%) 14 (51.9%) 0.964
Female, n (%) 12 (46.2%) 12 (44.4%) 13 (48.1%)
BMI (kg/m?) (Mean + SD) 223+14 271+13 328+2.1 <0.001
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Table 2 shows the comparison of induction dose re-
quirements of propofol and fentanyl among normal
(n=26), overweight (n=27), and obese (n=27) pa-
tients. The mean propofol dose in mg/kg progres-
sively decreased with increasing body mass index,
from 2.1 + 0.3 in normal patients to 1.9 £ 0.2 in over-
weight and 1.6 = 0.3 in obese patients, and this dif-
ference was highly statistically significant (p <
0.001). However, when expressed as total propofol
dose in mg, the requirement significantly increased
with higher body weight, with values of 118 + 14 mg
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in normal, 142 + 18 mg in overweight, and 168 + 22
mg in obese individuals (p < 0.001). Similarly, the
fentanyl dose in pg/kg showed a slight but statisti-
cally significant decline across the groups, from 1.8
+ 0.3 in normal patients to 1.7 &+ 0.2 in overweight
and 1.6 = 0.3 in obese patients (p = 0.041). These
findings indicate that while weight-adjusted induc-
tion doses decrease with increasing BMI, the abso-
lute total drug requirement increases in overweight”
and obese patients.

Table 2: Induction Dose Requirement (Propofol and Fentanyl)

Variable Normal (n=26) | Overweight (n=27) | Obese (n=27) | p-value
Propofol dose (mg/kg) (Mean+ SD) | 2.1+0.3 1.9+0.2 1.6+0.3 <0.001
Total Propofol dose (mg) (Mean + | 118+ 14 142 £ 18 168 £22 <0.001
SD)

Fentanyl dose (ug/kg) (Mean + SD) 1.8+0.3 1.7+£0.2 1.6+0.3 0.041

Table 3 “presents the comparison of intraoperative
anesthetic consumption among normal (n=26), over-
weight (n=27), and obese (n=27) patients. The mean
duration of anesthesia was slightly higher in over-
weight (78 + 17 minutes) and obese (80 + 18
minutes) groups compared to normal patients (74 +
15 minutes); however, this difference was not statis-
tically significant (p =0.412), indicating comparable
procedural times across groups. In contrast, inhala-
tional agent consumption showed a statistically sig-
nificant increase with rising body mass index, being
lowest in the normal group (16.8 + 3.2 mL), higher

in the overweight group (18.9 + 3.8 mL), and highest
in the obese group (21.4 +4.1 mL) (p <0.001), sug-
gesting greater anesthetic requirement in patients
with higher BMI. Although the proportion of pa-
tients requiring additional opioids was higher in the
obese group (44.4%) compared to overweight
(29.6%) and normal (23.1%) groups, this difference
did not reach statistical significance (p = 0.168).
Overall, the findings indicate that while duration of
anesthesia and additional opioid requirement were
comparable, inhalational anesthetic consumption
significantly increased with higher BMI.

Table 3: Intraoperative Anesthetic Consumption

Variable Normal (n=26) | Overweight (n=27) | Obese (n=27) | p-value
Duration of anesthesia (min) 74+ 15 78+ 17 80+ 18 0.412
Inhalational agent consumption (mL) | 16.8 +£3.2 18.9+3.8 214+4.1 <0.001
Additional opioid required, n (%) 6 (23.1%) 8 (29.6%) 12 (44.4%) 0.168

Table 4 demonstrates the recovery profile of partic-
ipants according to BMI categories—normal, over-
weight, and obese—and reveals a statistically signif-
icant prolongation of recovery times with increasing
BMI. The mean time to eye opening (T1) was short-
est in the normal BMI group (6.2 + 1.4 minutes), fol-
lowed by the overweight group (8.1 £ 1.8 minutes),
and was longest in the obese group (10.4 = 2.3
minutes), with a highly significant difference (p <
0.001). A similar trend was observed for time to ver-
bal response (T2), where normal-weight individuals
responded faster (7.1 + 1.6 minutes) compared to

overweight (9.3 + 2.1 minutes) and obese partici-
pants (12.2 + 2.5 minutes), again showing strong sta-
tistical significance (p < 0.001). Furthermore, the
time to achieve an Aldrete score >9 (T3), indicating
readiness for discharge from the recovery area, pro-
gressively increased from 11.4 + 2.2 minutes in the
normal group to 14.8 £+ 2.6 minutes in the over-
weight group and 18.6 + 3.1 minutes in the obese
group (p <0.001). Overall, the findings indicate that
higher BMI is associated with delayed recovery
across all measured parameters.

Table 4: Recovery Profile According to BMI

Variable Normal (n=26) Overweight (n=27) | Obese (n=27) | p-value
Time to eye opening (T1) (min) 62+14 81+1.8 104+23 <0.001
Time to verbal response (T2) (min) | 7.1+ 1.6 93+2.1 122+£2.5 <0.001
Time to Aldrete >9 (T3) (min) 114+2.2 14.8+2.6 18.6 +3.1 <0.001

Table 5 shows a statistically significant correlation
between BMI and anesthetic requirement as well as

recovery parameters. BMI demonstrated a strong
negative correlation with propofol dose per
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kilogram (r = —0.62, p < 0.001), indicating that as
BMI increased, the weight-adjusted propofol re-
quirement decreased. In contrast, BMI showed a
strong positive correlation with total propofol dose
in milligrams (r = 0.71, p < 0.001) and inhalational
anesthetic consumption (r = 0.65, p < 0.001), sug-
gesting that patients with higher BMI required a
greater absolute amount of anesthetic agents. Fur-
thermore, BMI was strongly” positively correlated

e-ISSN: 0975-9506, p-ISSN: 2961-6093

with recovery times, including time to eye opening
(r=0.74, p <0.001) and time “to achieve an Aldrete
score >9 (r=0.79, p <0.001), indicating delayed re-
covery in individuals with higher BMI. Overall, the
findings suggest that increasing BMI is associated
with higher absolute anesthetic consumption and
prolonged recovery despite reduced per kilogram
dosing of propofol.

Table 5: Correlation Between BMI and Anesthetic Requirement & Recovery

Variable Pearson Correlation (r) p-value

BMI vs Propofol (mg/kg) -0.62 <0.001

BMI vs Total Propofol dose (mg) 0.71 <0.001

BMI vs Inhalational consumption 0.65 <0.001

BMI vs Time to eye opening 0.74 <0.001

BMI vs Time to Aldrete >9 0.79 <0.001

. . that affects clinical outcomes, regardless of the time

Discussion

The current study shows that rising BMI levels re-
sult in longer periods before patients regain con-
sciousness after anesthesia which matches results
from earlier research studies. The study by Eger EI
IT et al. (1997) [11] found that recovery times from
volatile anesthetic agents depend on two factors
which include tissue solubility and duration of expo-
sure while our research found that recovery times in-
creased as BMI levels rose. The research demon-
strated a strong positive connection between BMI
levels and recovery times which confirmed the ki-
netic principle especially in patients who had excess
body fat.

Our research results match the findings of La Colla
L et al. (2007) study because their work showed that
desflurane achieves faster washout and recovery
rates than sevoflurane in morbidly obese patients.
Our study dedicated its main research effort to BMI
as a determining factor but we found that higher
BMI values resulted in longer recovery times. The
study by La Colla et al. 2007 found that when obese
patients received more soluble agents their response
times experienced a clinically significant delay
which supports our finding that adipose tissue serves
as a storage site for lipophilic anesthetics and results
in extended recovery periods.

The correlation between BMI and airway reflex re-
covery described in earlier studies parallels our re-
sults regarding delayed functional recovery end-
points. McKay RE et al. (2005) [13] found that air-
way reflexes returned more rapidly after desflurane
than sevoflurane anesthesia, with delayed reflex re-
covery more pronounced in heavier individuals. The
study found that higher BMI groups showed ex-
tended time until they reached their first verbal re-
sponse and achieved Aldrete score, which displayed
their need for protective physiological functions to
return. The analysis showed a correlation which
demonstrated that BMI represents a crucial factor

patients spent under anesthesia.

Similarly, Lemmens H et al. (2008) [14] reported
that obesity modestly affects inhaled anesthetic ki-
netics but may significantly influence recovery due
to altered tissue distribution. Their findings indi-
cated that increased fat mass prolongs elimination
time constants, even when differences in uptake ap-
pear small. This aligns closely with our results,
where inhalational anesthetic consumption in-
creased significantly with BMI despite comparable
surgical durations. The increased total anesthetic re-
quirement and delayed recovery in our obese cohort
likely reflect similar pharmacokinetic alterations.

With respect to intravenous agents, our finding of
reduced weight-adjusted propofol dosing (mg/kg)
but increased total dose (mg) with rising BMI is sup-
ported by pharmacokinetic principles described by
Janmahasatian S et al. (2005) [15], who emphasized
the importance of lean body weight as a more accu-
rate dosing scalar in obese patients. Their work
demonstrated that total body weight overestimates
drug requirement for lipophilic agents, potentially
leading to overdosing. Our inverse correlation “be-
tween BMI and mg/kg propofol dose reinforces the
inadequacy of total body weight—based dosing strat-
egies in overweight and obese individuals.

Furthermore, the physiological explanation pro-
posed by Wahrenbrock EA et al. (1974) [16] pro-
vides mechanistic support for our findings. They de-
scribed that the rate of rise and fall of alveolar anes-
thetic concentration is inversely related to body size
due to reduced perfusion and metabolic rate per kil-
ogram in larger individuals. In our study, delayed
emergence in higher BMI groups may reflect pro-
longed tissue time constants and slower redistribu-
tion kinetics, consistent with this physiological
model.

Importantly, previous clinical observations have
demonstrated that obese patients are at increased
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risk of early postoperative respiratory events. Rose
DK et al. (1994) [17] reported a two- to three-fold
higher incidence of critical respiratory events in
obese patients during early recovery. Although our
study did not specifically measure respiratory com-
plications, the significant prolongation of recovery
parameters in higher BMI groups suggests a poten-
tial window of vulnerability, emphasizing the clini-
cal relevance of our findings.

In contrast, some earlier studies have suggested that
the impact of BMI on inhaled anesthetic kinetics
may be modest during short procedures. However,
our results indicate that even in surgeries of compa-
rable duration, BMI significantly influenced both to-
tal anesthetic consumption and recovery time. This
discrepancy may be explained by differences in
study design, patient populations, and outcome
measures. While kinetic parameters may appear
minimally altered, clinically measurable recovery
endpoints may still demonstrate significant delays,
as seen in our cohort.

Overall, the present study corroborates existing
pharmacokinetic and clinical evidence that increas-
ing BMI significantly modifies anesthetic require-
ments and prolongs recovery. The consistency be-
tween our correlation data and previously published
findings strengthens the validity of our conclusions.
Our results particularly emphasize that while per-
kilogram dosing requirements decrease with higher
BMI, absolute anesthetic exposure and recovery du-
ration increase substantially. These findings high-
light the need for” individualized dosing strategies
based on lean body weight and careful postoperative
monitoring in obese patients.

Conclusion

The present study demonstrates that increasing BMI
significantly influences anesthetic drug require-
ments and recovery characteristics. Although
weight-adjusted propofol and fentanyl doses
(mg/kg) decreased with rising BMI, the total abso-
lute anesthetic consumption, including total
propofol dose and inhalational agent use, increased
significantly in overweight and obese patients.
Moreover, recovery parameters—time to eye open-
ing, verbal response, and achievement of Aldrete
score >9—were markedly prolonged in individuals
with higher BMI, showing strong positive correla-
tions. These findings highlight that elevated BMI is
associated with greater anesthetic exposure and de-
layed recovery despite reduced per kilogram dosing.
Therefore, anesthetic management should be indi-
vidualized using appropriate dosing strategies and
vigilant monitoring to optimize perioperative safety
and recovery outcomes in patients with higher BMI.
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