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Abstract

Objectives: To investigate the existing literature on the pharmacokinetics (PK) and pharmacodynamic (PD) of anesthetic
agents in obese children. Methods: A total of 419 pertinent publications were found after a comprehensive search across
four databases. 26 full-text publications were examined after duplicates were eliminated using Rayyan QCRI and relevance
was checked; five studies finally satisfied the requirements for inclusion. Results: We included five studies with a total of
10,570 children and less than half of them 4741 (44.8%) were females. Research on the PK of propofol in obese adolescents
identified total body weight (TBW) as a key determinant of drug clearance, emphasizing the limitations of relying solely
on clinical factors for dosing. Additionally, a study on fentanyl highlighted the importance of TBW for loading doses and
LBW/ lean body weight (LBW) for maintenance dosing, while cautioning against the heightened susceptibility of severely
obese patients to fentanyl's respiratory side effects, necessitating careful PD considerations. Conclusion: Anesthesia
management in obese children requires addressing unique physiological and pharmacological challenges. This review
emphasizes the importance of TBW in dosing strategies and the integration of LBW and IBW for maintenance regimens
to minimize risks. While offering valuable insights, further research is needed to validate these findings and establish
standardized protocols, ultimately enhancing safety and efficacy in anesthetic care for obese pediatric patients.
Keywords: Ventricular arrhythmias; ventricular tachycardia; Ventricular fibrillation; Saudi Arabia; Systematic review.
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body weight for maintenance dose rate and lean body
INTRODUCTION mass for propofol induction dosage) [5-7]. As a result,
professional opinion tempers recommendations for any
size scaler, assuming that a better understanding of PK
will determine the dose in the obese child [3, 8, 9].

Because the significance of the body
composition's fat mass component is not recognized,
total body weight dosing in obese children increases the
risk of dose mistakes. There are few useful dose

recommendations for obese children, despite the fact that An  estimated 60 million children are
it is known that fat mass may affect PK parameters like overweight or obese, and the prevalence of juvenile
volume of distribution or clearance [1], that the effect of obesity rose from 4 22% in 1990 to 6.7% in 2010 and is
fat mass is drug-specific [1], that weight-based dosing expected to reach 9.1% by 2020 [10]. Obesity is

contributes to dose inaccuracies, and that obesity
influences disease processes [2,3]. Numerous body
weight scales have been used to calculate dosage in
obese people, including total body weight, body surface
area, optimum body weight, lean body mass, modified
body weight, body mass index, fat-free mass, and
allometry [4]. Which measure is most appropriate for a
certain child is frequently unclear, and it may vary
depending on the stage of anesthesia (for example, total

predicted to contribute more than sixteen percent of
health care spending by 2030 [11], as fat children often
grow up to be obese adults [12].

Body weight is occasionally used as a
straightforward indicator of adult obesity, but it is
challenging to use weight alone to assess obesity in
children and adolescents since, in addition to height
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growth, body composition also varies quickly
throughout this time. The dose [mg kg—1] and interval of
a medicine are determined by two important PK factors.
In SO children, the volume of distribution (Vd), which
establishes a drug's loading dose, is frequently changed
[13,14].

Childhood obesity is increasingly becoming a
global health concern and, with rising prevalence, creates
unique challenges in medical management. This is
especially true when it comes to anesthesia. The
characteristic  physiological and pharmacological
changes that occur with obesity, like changes in fat
distribution, cardiac output, and liver and renal
functions, impact the PK and PD of anesthetic agents
significantly. Despite these complexities, consolidated
evidence is still lacking to guide clinicians in the
tailoring of anesthetic strategies for obese pediatric
patients. A systematic review will bridge this gap by
synthesizing the available data and highlighting critical
areas that need research and clinical application.

This systematic review analyzes the existing
literature on the PD and PK of anesthetic agents in obese
children to recognize the key alterations, clinical
implications, and strategies that may potentially
optimize anesthesia care in this population.

METHODS
Search Strategy

The PRISMA and GATHER criteria were
followed for the systematic review. An overall search
was conducted to identify relevant studies related to PD
and PK of anesthetic agents in obese children. The
following four electronic databases were used by the
reviewers for searching: SCOPUS, Web of Science,
Cochrane, and PubMed. We removed any duplicates and
uploaded all the titles and abstracts we could find
through electronic searches onto Rayyan. After that, all
the study texts that met the inclusion criteria based on the
abstract or title were collected for a full-text
examination. Two reviewers independently evaluated

the extracted papers' suitability and discussed any
discrepancies.

Study Population—Selection

The PICO (Population, Intervention,
Comparator, and Outcome) factors were implemented as
inclusion criteria for our review: (i) Population: Obese
children undergoing anesthesia for surgical or diagnostic
procedures, (ii) Intervention: Administration of
anesthetic agents, (iii) Comparison: Non-obese children
receiving similar anesthetic interventions, (iv) Outcome:
Implications in PD and PK.

Data Extraction

Data from studies that satisfied the inclusion
requirements were extracted by two objective reviewers
using a predetermined and uniform methodology. The
following information was retrieved and recorded: (i)
First author (ii) Year of publication, (iii) Study design,
(iv) Country, (v) Sample size, (vi) Age, (vii) Gender,
(viii) Anesthetic drug, (ix) BMI, (x) Main outcomes.

Quality Review

Since bias resulting from omitted factors is
frequent in studies in this field, we used the ROBINS-I
technique to assess the likelihood of bias since it enables
a thorough examination of confounding. The ROBINS-I
tool can be used for cohort designs where individuals
exposed to different staffing levels are tracked over time
and is designed to assess non-randomized studies. Each
paper's risk of bias was evaluated independently by two
reviewers, and any differences were settled by group
discussion [15].

RESULTS

The specified search strategy yielded 419
publications (Figure 1). After removing duplicates (n =
211), 208 trials were evaluated based on title and
abstract. Of these, 181 failed to satisfy eligibility criteria,
leaving just 26 full-text articles for comprehensive
review. A total of 5 satisfied the requirements for
eligibility with evidence synthesis for analysis.
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Figure 1: PRISMA flowchart [16]

Sociodemographic and clinical outcomes

We included five studies with a total of 10,570
children and less than half of them 4741 (44.8%) were
females. Regarding study designs, four studies were
prospective cohorts [18-21] and one was a prospective
cohort [17]. The five studies were implemented in the
USA. The earliest study was conducted in 2012 [20] and
the latest in 2017 [21].

There is a possibility of overdose in obese
children as a result of inappropriate dosing practices
when using commonly administered anesthetic drugs. In
this context, the study found that obese children had 3.5
times the possibility of being overdosed with morphine

compared to non-obese children [17]. Three studies
investigated the PK of propofol in obese adolescents [18-
20]. Their observations showed that the TBBW was a
major determinant of drug clearance and indicated the
limitation of using solely clinical factors to guide dosing.

Another study pointed the concentration on
fentanyl and drew attention to the role of TBW for
loading doses while taking into consideration LBW and
IBW for maintenance dosing. The study also warned of
a great vulnerability in the severely obese patients to
fentanyl's respiratory side effects, which
pharmacodynamically requires great cautiousness during
the dosing of this drug [21].
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Table 1: Outcome measures of the included studies

Study ID

Study design

Country

Sociodemographic

Anesthetic drug

BMI
(Kg/m?)

Main outcomes

Burke et al.,
2014 [17]

Retrospective
cohort

USA

N= 10,498
Mean age: 9.7
Females: 4695
(44.7%)

Midazolam,
morphine,
cisatracurium,
neostigmine,
and
succinylcholine

39.8

Children who are
obese may be at risk
of receiving doses
of routinely used
anesthetic drugs that
are higher than what
is advised. Children
in the obese group
were 3.5 times more
likely to have gotten
an overdose from
morphine than
children in the
control weight

group.

Chidambaran
etal, 2013
[18]

Prospective
cohort

USA

N=20
Mean age: 15.8
Females: 12 (60%)

Propofol

45.8

The most important
factor influencing
clearance, according
to PK study, was
total body weight;
no predictive
variables for
volume of
distribution were
found. Excessive
depth of anesthesia
may occur if TIVA
and propofol are
dosed using solely
clinical factors.

Chidambaran
etal, 2015
[19]

Prospective
cohort

USA

N=26

Mean age: 15.7
Females: 16
(61.5%)

Propofol

48

This study suggest a
dosage regimen for
maintaining
propofol anesthesia
in severely obese
adolescents utilizing
TBW in an
allometric curve
with an exponent of
0.75 based on
simulations based
on the PK/PD
model. It is
worthwhile to do a
prospective clinical
investigation to
confirm this dosage
regimen.

Diepstraten
etal, 2012
[20]

Prospective
cohort

USA

N=20
Mean age: 16
Females: 12 (60%)

Propofol

46

TBW was found to
be the most
important factor
influencing
clearance in the
population PK
model for propofol
in children and
adolescents who
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were morbidly
obese. Therefore, it
is expected that the
dosage of propofol
for maintaining
anesthesia in
children and
adolescents who are
morbidly obese

should be
determined by TBW
using an allometric
function.
Vaughns et Prospective USA N=6 Fentanyl 49.6 Fentanyl loading
al., 2017 [21] | cohort Age range: 14-19 doses may be
Females: 6 (100%) determined by
TBW, with doses
for maintenance
based on LBW and
IBW. It is important
to note that patients
who are clinically
severely obese are
more susceptible to
fentanyl's
respiratory side
effects, and PD
should be taken into
account when
dosing fentanyl.
Table 2: Risk of bias assessment using ROBINS-1
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Burke ez al, 2014 [17] Low | Mod | Low | Low | Low | Mod | Low Low
Chidambaran et al, 2013 [18] | Mod | Mod | Low | Mod | Low | Low | Low Low
Chidambaran et al., 2015[19] | Mod | Low | Mod | Mod | Low | Low | Low Moderate
Diepstraten et al., 2012 [20] Mod | Mod | Low | Mod | Low | Mod | Mod Moderate
Vaughns et al., 2017 [21] Mod | Low | Mod | Mod | Low | Low | Low Moderate

DISCUSSION

The PK and PD of anesthetic agents in obese
children pose very important challenges due to the
pathophysiological changes related to obesity. Findings
from this systematic review indicate that TBW, being a
principal covariate, is an essential variable for drug
clearance and therefore dosing accuracy. Yet, unadjusted
weight-based dosing usually leads to overdosing or
underdosing with a subsequent potential for adverse

effects or insufficient therapeutic effect. For example,
weight-based dosing practices of anesthetic drugs, in
particular morphine and propofol, illustrate the risks of
excessive drug levels and inappropriate anesthesia depth
when dosing is guided by purely clinical judgment
without the integration of PK models.

In his review, Chidambaran et al., reported that
to maximize safe anesthetic management of these
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difficult patients, a thorough grasp of the
pathophysiological alterations linked to severe
childhood obesity, as well as pertinent pharmacologic
considerations, weight scalars, and dose guidelines for
commonly used anesthetic medicines, is essential [22].

We again highlighted how individual dosing
strategies become necessary, especially for a drug like
fentanyl, wherein TBW becomes critical for calculating
loading doses, and maintenance doses must be guided by
LBW and ideal body weight to minimize respiratory side
effects. These results underscore the necessity of
introducing PD consideration into the dosing regimens
in an attempt to protect such unique vulnerabilities in
obese pediatric patients. Mortensen ef al., also found that
because pediatric obesity is becoming more common,
there is growing interest in anesthesia for obese children.
Comorbidities that are significant to the management of
anesthesia are present in many obese children. The PK
of the majority of anesthetic drugs are affected by
obesity. The dosage ought to be determined by TBW or
LBW. Obese children are far more likely to experience
problematic mask breathing, intraoperative oxygen
desaturation, and airway blockage [23].

This systematic review highlighted the
importance of an individualized dosing strategy of
anesthetics in obese children. Total body weight was
identified as the principal determinant of drug clearance
in all studies, whereas LBW and IBW proved important
for maintenance dosing. These findings suggest a role of
weight-adjusted models in clinical practice to ensure
safer and more effective drug administration. For
instance, reliance on TBW for initial dosing and
adjustment for maintenance based on LBW or IBW can
reduce the chances of overdosing, underdosing, or other
adverse side effects such as respiratory complications.
These approaches point out the importance of PK models
and that clinicians should not rely entirely on clinical
judgment when making decisions on dosing.

LIMITATIONS

Although this review offers an enlightening
overview, there are several limitations that have to be
considered. Most of the available studies had small
sample sizes, which may not allow the generalization of
findings. Moreover, much of the data were from specific
geographic regions, raising questions about the
generalizability of the data on a worldwide pediatric
population with obesity. Finally, although TBW was
consistently identified as the key determinant of dosing,
other physiological factors-such as fat distribution,
hepatic and renal function, and comorbid disease states-
were less uniformly evaluated. It further limits
understanding of the long-term impact of anesthetic
dosing strategies in this population due to a lack of
longitudinal data.

Strengths

This review provides the first comprehensive
analysis of the PK and PD of anesthetic agents in obese
children. It therefore highlights, through the systematic
synthesis of evidence across multiple anesthetic drugs,
consistent patterns and key variables that influence
dosing outcomes. The focus on both PK and PD factors
provides a holistic understanding of the challenges and
opportunities in optimizing anesthesia care for this
vulnerable group. Further, emphasis on clinical
applicability has ensured that the findings are directly
relevant to practitioners seeking evidence-based
solutions.

CONCLUSION

Anesthesia management in the obese child is
uniquely different, with specific physiological and
pharmacological challenges related to obesity that need
to be addressed. This systematic review demonstrates the
central role of TBW in guiding dosing strategies, while
highlighting the importance of integrating LBW and
IBW into maintenance regimens to mitigate risks. While
the findings provide valuable guidance, further research
is needed to validate these recommendations and
develop standardized dosing protocols. The knowledge
of the PK and PD processes is further expanded in this
population, translating into safety and efficacy
optimization in anesthetic care administration to obese
pediatric patients.
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