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In patients with obesity, standard, non-weight-based dosing, or weight-based 
dosing using either ideal body weight or adjusted body weight, is appropriate to 
limit the risk of overdosing.
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The prevalence of obesity is increasing 
worldwide (Schetz et al. 2019). This trend 
is confirmed in the Intensive Care Unit 
(ICU) where patients with obesity represent 
15% to 40% of the population (Schetz et 
al. 2019; De Jong et al. 2018b; De Jong et 
al. 2019; De Jong et al. 2018a). Moreover, 
obesity has several implications for criti-
cal illness due to the difficulties of caring 
for such patients, including positioning, 
transport, skin care, intravascular access, 
diagnostic imaging, and ventilator weaning 
(De Jong et al. 2020; Pepin et al. 2016). 
	 Obesity exerts physical, metabolic, and 
molecular effects across multiple organ 
systems and is associated with numerous 
comorbidities (diabetes, cardiovascular 
diseases, hypertension, chronic kidney 
disease, dyslipidaemia, non-alcoholic fatty 
liver disease, obstructive sleep apnoea and 

hypoventilation syndrome, mood disorders 
and physical disabilities) (Schetz et al. 2019). 
This underlying pathophysiological setting 
has both direct and indirect impacts in cri 
tically ill patients with obesity (Schetz et 
al. 2019; Barletta and Erstad 2022; Pleččko 
2021). 

Pain in the ICU
In addition to the treatment of various organ 
failures in the ICU, one of the challenges is 
pain management (Kalfon et al. 2020; de 
Jong et al. 2013). Pain assessment in the 
critically ill adult remains a daily clinical 
challenge. Indeed, pain has been shown 
to be experienced at rest by more than 
30% of patients (Chanques et al. 2007) 
and this percentage exceeds 50% during 
common care procedures in ICU (Puntillo 
et al. 2014).
	 Pain should be monitored routinely 
in all adult intensive care patients, using 
validated scales according to the patient's 
level of consciousness (Devlin et al. 2018; 
Chanques 2022). Briefly, the 0-10 Numeric 
Rating Scale (NRS) is commonly used in 
clinical practice, and an enlarged visual 
format of the NRS was found to be the 
most feasible and discriminative self-report 
scale in comparison to other scales (i.e., 
visual analogue scale, verbal descriptor 
scale) and formats (i.e., oral versus visual) 
for measuring pain intensity in critically 
ill adult patients (Chanques et al. 2010).
	 Behaviour Pain Scale (BPS) is used 
as the gold standard to measure pain in 
the population of ICU patients unable to 
communicate according to guidelines, 

especially in the sedated and mechanically 
ventilated patient (Chanques et al. 2020; 
Chanques et al. 2014; Devlin et al. 2018). 
The BPS is composed of three criteria: facial 
expression, upper limbs and compliance 
with ventilation. Each parameter is scored 
from 1 to 4 by trained staff and results 
in a score between 3 and 12 (Payen et 
al. 2001). In non-intubated ICU patients 
unable to communicate, pain level can be 
assessed with the BPS-NI scale (Chanques 
et al. 2009).
	 Depending on the numerical value 
obtained using these pain assessment scales, 
it is possible to classify pain as moderate 
or severe on a daily basis and to monitor 
its evolution during the stay (de Jong et 
al. 2013).   

Pain and Obesity
Obesity is associated with chronic pain by 
several mechanisms including a mechani-
cal impairment from excessive weight on 
skeletal muscles and joints and an altered 
systematic inflammatory status (Janke 
et al. 2007). However, cause-and-effect 
relationships between obesity and pain is 
not clear and cannot be extrapolated to the 
phenomenon of acute pain. The current 
literature provides contradictory results, 
especially in pain sensitivity of patients 
with obesity (Torensma et al. 2017).
	 Recent experimental studies support an 
increase in sensory pain thresholds through 
several mechanisms. The first hypothesis 
is mechanical with the evidence of higher 
thresholds and lower subjective ratings in 
patients with obesity, especially in areas 
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with excess subcutaneous fat (Torensma 
et al. 2017; Price et al. 2013). This could 
be explained by the stretching of the skin 
due to excess fat, which leads to a decrease 
in the density of the nerve fibres, and 
therefore the pain thresholds.
	 The second hypothesis relates to an 
endocrine pattern with an inflammatory 
environment that could also increase sensory 
pain thresholds. Excess adipose tissue in 
patients with obesity is highly metabolically 
active, and especially visceral adipose tissue 
which has a deleterious adipocyte secre-
tory profile resulting in insulin resistance 
and a chronic low-grade inflammatory 
and procoagulant state (Piché et al. 2018; 
Neeland et al. 2018). 
	 At the hormonal level, difference in 
concentrations between patients with and 
without obesity has been demonstrated for 
galanin (Yu et al. 2013) and b-endorphin 
(Price et al. 2013) with higher sensory 
pain thresholds in patients with obesity.
	 The last hypothesis still under study is 
a central dysregulation, including altered 
regulation of the neurovegetative system 
(Chanques et al. 2017) associated with 
neuropsychological changes in patients 
with obesity (Torensma et al. 2017).

Pharmacokinetics and Pharmaco-
dynamics in Patients With Obesity
Obesity can affect pharmacokinetics (rela-
tionship between drug dose and concen-
trations in the body) as well as pharma-
codynamics (the pharmacologic effect 
resulting from a drug’s concentration). 
Recommendations for medication dosing 
in critically ill obese patients are not avail-
able from adequately powered randomised 
studies with clinically relevant endpoints. 
	 Medication dosing regimens are often 
determined by cohorts of normal weight 
participants, raising questions about their 
applicability to patients with obesity in 
whom clearance and volume of distribu-
tion (Vd) may be substantially different. 
Weight-based dosing guidelines often do 
not specify the use of Actual Body Weight 
(ABW) versus ideal (based on height and 
sex) or adjusted (typically between actual 
and ideal) weight estimates (Barletta and 
Erstad 2022) and multiple additional factors 

impacted by obesity must be considered 
for appropriate dosing. Further, equations 
to estimate lean body mass are not reliable 
in critically ill patients when compared to 
computed tomography as the gold standard 
(Moisey et al. 2017). 
	 Multiple additional factors influenced by 
obesity must be considered for appropriate 
dosing, such as the presence of diabetes 
that can lead to glomerular hyperfiltration, 
or hepatic steatosis that may decrease the 
clearance of hepatically metabolised medica-
tions. In addition, association with one or 
more organ dysfunctions (e.g., acute kidney 
injury), may complicate dose selection. 
	 Vd, calculated by dividing the total 
amount of drug in the body by the plasma 
concentration, is influenced by medication 
lipophilicity, molecular size, and protein 
binding, which alter a drug’s ability to 
move between blood and tissues. There-
fore, lipophilic medications may have a 
larger Vd in patients with obesity, requiring 
higher loading doses (Barletta and Erstad 
2022). Furthermore, these medications have 
increased elimination half-life explained 
by multicompartmental pharmacokinetic 
model with redistribution phenomena 
before elimination.

Therapeutic Adjustments
Erstad and Barletta (2020) recently proposed 
a review of the literature based on drug 
dosing in ICU to develop recommendations 
for patient with severe obesity (i.e. BMI ≥ 40 
kg/m2) in the areas of analgesia, sedation 
and delirium. Three major therapies were 
studied for analgesia: opioids, non-opioid 
analgesics, and ketamine.
	 In studies suggesting a size descriptor 
for dosing opioids, recommendations were 
for ideal body weight, lean body mass, 
or adjusted body weight as a preferred 
descriptor, because prospective and retro-
spective studies performed in the emergency 
department and post-operative setting 
have consistently found large variations 
in opioid requirements and pain control 
in overweight and patients with obesity 
that had no relationship to ABW (Xia et 
al. 2014; Bennett et al. 1982). Similarly, 
pharmacokinetic studies evaluating vari-
ous opioids in the perioperative setting 
have found opioid doses based on ABW 
are likely to be excessive as evidenced by 
pharmacokinetic parameters and measured 
opioid concentrations (Egan et al. 1998; 
Slepchenko et al. 2003). For dosing opioids, 
incremental dosing titrated to clinical effect 
with consistent use of an ideal or adjusted 

Figure 1. Summary of pain management specificities in critically ill patients with obesity. 
BPS, Behaviour Pain Scale; ICU, Intensive Care Unit; NRS, Numeric Rating Scale; Vd, Volume of distribution.



NUTRITION MONITORING ACUTE PAIN MANAGEMENT

ICU Management & Practice 3 - 2022

122

body weight is suggested for weight-based 
dosing particularly in patients with more 
severe forms of obesity, to reduce the risks 
related to overdosing.
	 Non-opioid analgesics, such as nonste-
roidal anti-inflammatory drugs and acet-
aminophen commonly administered to 
critically ill patients, typically use non-
weight-based dosing regimens. The few 
pharmacokinetic and pharmacodynamic 
studies evaluating the disposition of non-
opioid agents show little benefit for dose 
individualisation based on weight with 
adverse effect (especially liver disease) when 
increasing doses beyond those needed to 
reach the analgesic ceiling effect (Motov 
et al. 2017; Allard et al. 2019). For dosing 
non-opioids analgesics, non-weight based 
dosing regimens are advised.
	 Regarding ketamine, this molecule has 
substantial lipophilicity with a large Vd, 
rapid clearance and active metabolites, 
all complicate potential dosing recom-
mendations (Clements and Nimmo 1981) 
and especially in ICU (Hijazi et al. 2003). 
To loading doses, ABW is appealing as a 
size descriptor given the lipophilicity of 
ketamine, since clinical effect in this situ-
ation is largely a function of the drug’s Vd. 
With sustained intermittent intravenous 
injections or continuous infusions of 

ketamine, accumulation of both parent 
drug and active metabolite norketamine 
occurs until steady state conditions occur. 
Norketamine has one-third the potency of 
the parent compound, but also has slower 
elimination that increases the time to reach 
steady state, thus probably requiring a 
decrease in dose over time to maintain the 
same clinical effect. In consequence, the 
complex estimation of clearance of ketamine 
(due to a lack of correlation between lean 
body mass and fat mass in patients with 
obesity) combined with the complicated 
determination of an active metabolite 
suggests the use of ideal or adjusted body 
weight is preferable for weight-based dosing 
calculations due to adverse effect concerns 
associated with overdosing.

Conclusion 
In the current state of knowledge and in the 
face of the complex interrelationships among 
pain, body weight, comorbid conditions 
and behavioural/biological contributors, 
the pain management in patients with 
obesity in ICU has only recently been 
described. Further studies are needed to 
develop analgesia protocols specifically 
designed for patients with obesity.
	 In addition, the management of pain in 
patients with obesity requires, as for any 

other patients in ICU, multi-daily clinical 
assessments using pain scales measured 
according to the patient's level of conscious-
ness to assess pain evolution.
	 For patients with obesity, there is no 
high-level clinical evidence available to 
help design dosing regimens for analgesia 
in critically ill. 
	 Based on pharmacokinetic studies, the 
relationship between ABW and pharmaco-
kinetic variables such as Vd and clearance 
is not linear for most of pain medications. 
For such medications, standard, non-
weight-based dosing, or weight-based 
dosing using either ideal body weight or 
adjusted body weight, is appropriate to 
limit the risk of overdosing. In patients 
with obesity as in all patients who received 
a sustained infusion of sedatives and/or 
opioids, repeated assessment of clinical 
needs (sedation level, pain intensity) are 
mandatory to titrate the dose and to avoid 
analgo-sedation side-effects related to its 
overuse.
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