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Abstract
BACKGROUND 
Vancomycin is the most commonly used drug for methicillin-resistant Staphylo-
coccus aureus. The empirical clinical doses of vancomycin based on non-obese 
patients may not be optimal for obese ones.

CASE SUMMARY 
This study reports a case of vancomycin dosing adjustment in an obese patient 
(body mass index 78.4 kg/m2) with necrotizing fasciitis of the scrotum and left 
lower extremity accompanied with acute renal failure. Dosing adjustment was 
performed based on literature review and factors that influence pharmacokinetic 
parameters are analyzed. The results of the blood drug concentration monitoring 
confirmed the successful application of our dosing adjustment strategy in this 
obese patient. Total body weight is an important consideration for vancomycin 
administration in obese patients, which affects the volume of distribution and 
clearance of vancomycin. The alterations of pharmacokinetic parameters dictate 
that vancomycin should be dose-adjusted when applied to obese patients. At the 
same time, the pathophysiological status of patients, such as renal function, which 
also affects the dose adjustment of the patient, should be considered.

CONCLUSION 
Monitoring vancomycin blood levels in obese patients is critical to help adjust the 
dosing regimen to ensure that vancomycin concentrations are within the effective 
therapeutic range and to reduce the incidence of renal injury.

Key Words: Vancomycin; Obesity; Acute renal failure; Pharmacokinetics; Case report
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Core Tip: We report the medical records of dose adjustment of vancomycin in an obese patient (body 
weight 240 kg), including the dose adjustment protocol in acute renal injury. This article also reviews the 
current literature on the application of vancomycin in the obese population and provides recommendations 
on how to make dose adjustments based on available evidence.
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failure: A case report and review of literature. World J Clin Cases 2022; 10(18): 6218-6226
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DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6218

INTRODUCTION
Since 1980, the prevalence of obesity has more than doubled worldwide. It is estimated that by 2030, 
60% of the world's adult population will be classified as obesity[1]. In the United States from 2013 to 
2014, the prevalence of obesity was 35.0% for male and 40.4% for female adults, and there was a 
significant linear increasing trend among women in the prevalence of obesity from 2005 through 2014
[2]. Obesity has also become a major public health burden in China. Over the past 40 years, the 
prevalence of obesity has increased significantly. The nationally representative survey showed that 
more than half of the Chinese adults are obese according to the Chinese standards[3]. The increased 
prevalence of obesity poses a challenge for clinicians to deliver optimized doses of antimicrobial drugs 
in the intensive care unit. Obesity is a key risk factor for community and hospital-acquired infections[4], 
and increases risks of incidence and mortality compared to non-obese individuals[5]. It may affect the 
pharmacokinetics of antimicrobial agents, particularly in patients requiring high-dose antimicrobial 
therapy[6], and can also influence the immune response and increase susceptibility to infections[7], 
resulting in a high risk of infection in obese patients[8]. As a consequence, clinicians are increasingly 
facing severely obese patients requiring antibiotic treatment. However, few studies have summarised 
the published data and provided clinical guidance for effective dosing in these patients.

Since the early 1980s, as the number of methicillin-resistant Staphylococcus aureus (MRSA) infections 
began to increase, vancomycin has become the drug of first choice for this microbial infection[9]. 
Vancomycin belongs to glycopeptide antibiotic which acts by inhibiting bacterial cell wall synthesis[10]. 
It is the most widely used antibiotic worldwide for the treatment of severe Gram-positive bacterial 
infections[11]. The binding of vancomycin to protein is approximately 50% to 55%[10]. The volume of 
distribution is 0.4-1 L/kg[9]. Vancomycin is primarily cleared via renal excretion[12]. The actual body 
weight of obese subjects increases the chance of vancomycin exposure and the incidence of vancomycin-
associated nephrotoxicity[13]. Therefore, dose adjustment is required when vancomycin is used in obese 
patients, because of the effect of obesity on vancomycin pharmacokinetic parameters. One study shows 
that therapeutic drug monitoring (TDM) significantly improves the clinical curative effect and reduces 
the incidence of nephrotoxicity in patients treated with vancomycin[14].

Although the pharmacokinetics of vancomycin in the general population is well-described, to the best 
of our knowledge, only a few studies have investigated the effect of vancomycin dose in the obese 
population. This study reports the medical records of dose adjustment of vancomycin in an obese 
patient weighing up to 240 kg, including the dose adjustment protocol in the acute renal injury. This 
article also reviews the current literature on the application of vancomycin in the obese population and 
provides recommendations on how to make dose adjustments based on the available evidence.

CASE PRESENTATION
Chief complaints
A 40-year-old man was referred to our intensive care unit (ICU), with the complaints of chest tightness 
and shortness of breath with no obvious cause for 3 mo.

History of present illness
In November 2020, the patient reported chest tightness and shortness of breath with no obvious cause. 
Three days later, the patient’s symptoms aggravated with abdominal distension and edema of both 
lower limbs. He was admitted to the ICU of a local hospital for acute respiratory failure. After 2 wk of 
treatment, the patient still had persistent fever and was transferred to the ICU of our hospital on 
November 18, 2020.

https://www.wjgnet.com/2307-8960/full/v10/i18/6218.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6218
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History of past illness
The patient had suffered from hypertension for 3 years and erysipelas of the right lower extremity for 2 
years.

Personal and family history
The patient had no specific personal or family history.

Physical examination
The patient’s height and body weight were 175 cm and 240 kg, respectively. The patient had necrotizing 
fasciitis of the scrotum and left lower extremity, and large brown skin pigmentation of the left calf, and 
two approximately 2-cm surgical incisions with built-in gauze drainage and cloudiness drainage fluid 
were visible in the left thigh and the middle of the left calf (Figure 1).

Laboratory examinations
The culture of secretion revealed Staphylococcus hemolyticus at a local hospital.

Imaging examinations
There were no abnormal imaging data findings.

FINAL DIAGNOSIS
The final diagnoses were: (1) Sepsis; (2) Acute respiratory distress syndrome; (3) Pneumonia; (4) Heart 
failure; (5) Necrotizing fasciitis of the scrotum and left lower extremity; and (6) Severe obesity.

TREATMENT
The patient had pulmonary infection and Staphylococcus hemolyticus was detected in his secretion at the 
local hospital. His initial serum creatinine was 63.3 μmol/L and creatinine clearance (CrCl) was greater 
than 90 mL/min. Based on the patient's history and drug sensitivity testing results, intravenous 
levofloxacin 0.75 g/d and tigecycline 0.2 g/d were started empirically for anti-infection treatment. Then, 
linezolid 0.6 g intravenous injection every 12 h was prescribed to replace levofloxacin, and the patient's 
temperature decreased to normal after 3 d of treatment. On November 27, the patient developed a high 
fever (temperature up to 40.2 °C), and his high-sensitivity C-reactive protein (hs-CRP) rose to 183.51 
mg/L (Table 1). Considering the infection from the lower extremity and the scrotum, the patient 
received enhanced drainage and dressing change. Meanwhile, the culture of sputum and scrotal 
revealed Acinetobacter baumannii. The linezolid was subsequently discontinued and intravenous infusion 
of vancomycin was started. Because the patient was severely obese, after reviewing the literature, we 
determined the dosing regimen of a loading dose (vancomycin administered as continuous infusion of 2 
g over 2 h) and a maintenance dose (vancomycin 1 g infused over 60 min every 8 h). The vancomycin 
blood trough concentration was 11.7 μg/mL after the patient had received three doses of vancomycin. 
The patient developed acute renal failure due to the aggravation of infection, the serum creatinine levels 
showed a gradual increase, and the vancomycin trough concentration was greater than 20 μg/mL (up to 
34.3 μg/mL). We then adjusted the vancomycin administration dose according to the blood drug 
concentration monitoring. On December 16, continuous renal replacement therapy (CRRT) was used 
because of anuria of the patient. Given using continuous veno-venous hemodiafiltration mode, we 
adjusted the vancomycin administration dose to 1 g every 12 h, during which vancomycin blood drug 
concentration fluctuated between 10 and 20 μg/mL.

OUTCOME AND FOLLOW-UP
The treatment produced significant improvement in the patient’s respiratory status and the infection. 
Vancomycin and CRRT treatment were subsequently discontinued on December 24. Two days later, the 
patient was transferred out of the ICU to continue treatment. He was well with no further complaints at 
the routine 1-mo follow-up.

DISCUSSION
In recent years, body mass index (BMI) is a world-accepted grading method to assess the degree of 
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Table 1 Changes of indicators during the patient's hospitalization

Check item/date November 
19

November 
28

December 
1

December 
11

December 
16

December 
20

December 
25

White blood cell count (× 109/L) 5.50 9.59 8.16 14.02 35.29 20.19 7.71

Neutrophil percentage (%) 62.6 75.80 75.00 85.60 85.90 82.20 68.30

Procalcitonin(ng/mL) 0.130 0.190 0.190 9.170 53.760 4.930 1.160

High-sensitivity C-reactive 
protein(mg/L)

183.51 194.91 140.00 68.80 99.00 22.30 8.91

Serum creatinine (μmol/L) 67.8 61.8 48.9 266.8 453.1 (CRRT) 120.9 (CRRT) 264.1 (CRRT)

CRRT: Continuous renal replacement therapy.

Figure 1 Infection of the left leg in the obese patient.

obesity. According to the criteria of the guideline, obesity is defined as a BMI of 30.0 kg/m2 or higher
[15]. Based on the body weight and height of this patient, his BMI was calculated to be 78.4 kg/m2, 
which met the threshold for obesity. Numerous physiopathological changes occur in obese individuals, 
including changes in distribution (Vd) and renal excretion[16].

Vancomycin is a time-dependent antibiotic and a number of factors influence its clinical activity, 
including variable tissue distribution, dose size, and clearance rate[17]. One study showed that total 
body weight (TBW) influenced the Vd and clearance (CL) of vancomycin (Table 2)[18]. As expected, 
obesity is a known factor affecting drug pharmacokinetics[19]. Vancomycin, as a hydrophilic drug, is 
able to penetrate and distribute, to a certain extent, in adipose tissues, thereby increasing the Vd[20]. A 
large retrospective study by Ducharme et al[21] showed that the Vd was greater in obese subjects than in 
normal subjects by examining pharmacokinetics of vancomycin in 704 patients. Blouin and his 
colleagues[22] also demonstrated statistically significant differences in weight-indexed Vd between two 
groups of subjects. A recent study suggests that Vd changes in obese patients can be ascribed to the 
physicochemical properties of the drugs in most cases[23]. In addition, the degree of the Vd depends on 
the lipophilicity, hydrophilicity, protein binding, and molecular weight of the antibiotic[24]. In the obese 
population, higher cardiac output and blood volume may increase blood flow, and lead to larger Vd[25]. 
Edema combined with fluid resuscitation can increase the Vd of different antibacterial agents in obese, 
critically ill patients[26].

Previous studies indicated that CL of vancomycin was much higher in the obese population, 
especially in young obese patients, and they required high doses to obtain adequate trough concen-
trations[9]. Han et al[27] demonstrated that obese adults exhibited higher drug clearance rates than non-
obese ones. Unlike Vd, the physicochemical properties of drugs have little effect on CL, which is largely 
controlled by physiological processes[23]. The change in clearance was mainly attributed to an increase 
in kidney mass and renal blood flow in obese subjects[28]. Greater glomerular filtration rate and renal 
perfusion in obese individuals increase the CL of vancomycin[29]. At the same time, greater renal 
volume, hypertrophy of the renal unit, and hydrostatic pressure of the glomerulus were also associated 
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Table 2 Literature on dose adjustment analysis of vancomycin in obese patients

Title (year) Design Results Conclusions Ref.

Prospective pharmacokinetic 
study

To assess vancomycin pharma-
cokinetic parameters in obese 
patients

Pharmacokinetics of 
vancomycin in extremely 
obese patients with suspected 
or confirmed staphylococcus 
aureus infections (2015)

n = 31

When the minimum inhibitory 
concentration (MIC) was 1 μg/ml, the 
probability of the concentration-time 
curve (AUC)/MIC rate of 400 for 
vancomycin at 4000 to 5000 mg/d 
was 93%

Vd and clearance of vancomycin 
were affected by total body 
weight, respectively

Adane et al
[18]

Retrospective review Vd is 0.69 L/kg IBW in normal 
females compared with 0.58 in men

Comparative pharmacokinetics 
of vancomycin using steady-state 
peak and trough serum concen-
trations

Vancomycin pharma-
cokinetics in a patient 
population: effect of age, 
gender, and body weight 
(1994)

n = 704

The Vd for obese women and men 
was 1.17 and 0.90 L/kg IBW 
respectively

Vancomycin dosing can be 
improved by adapting the initial 
estimates of Vd in obese people

Ducharme 
et al[21]

An uncontrolled study

Vancomycin pharmacokinetics 
was determined in normal and 
morbidly obese populations

Significant differences in mean 
terminal half-life and volume of 
distribution values between normal 
and morbidly obese individuals 

Vancomycin pharma-
cokinetics in normal and 
morbidly obese subjects (1982)

n = 10 Strong correlations between TBW and 
Vd and total body clearance

TBW should be used for dosing 
of vancomycin in obese 
individuals

Blouin et al
[22]

A retrospective data collection TBW should be considered for 
the initial dose

To perform a pharmacokinetic 
analysis of vancomycin in 
subjects

Vancomycin dosing in 
critically ill patients: robust 
methods for improved 
continuous-infusion regimens 
(2011)

n = 206

Patients with a creatinine clearance of 
100 ml/min/1.73 m2 should receive a 
continuous infusion at least 35 
mg/kg/d to maintain target concen-
trations

The maintenance dose can be 
directed by creatinine clearance

Roberts et 
al[39]

Retrospective study

Determining an experiential 
vancomycin dosing strategy for 
obese individuals

Dosing vancomycin in the 
super obese: less is more 
(2018)

n = 346

Maintenance dose > 4500 mg/d is not 
required in obese patients to reach 
the pharmacodynamic AUC target

Using AUC-targeted TDM can 
optimize the treatment of obese 
adults

Crass et al
[40]

A prospective, non-comparative 
study

The two-compartmental first-order 
elimination model

To investigate the pharma-
cokinetics of vancomycin in 
patients with early septic shock

The mean ± SD of the total 
vancomycin clearance (3.70 ± 1.25 
L/h) was higher than in patients with 
non-septic shock

The pharmacokinetics of 
vancomycin during the initial 
loading dose in patients with 
septic shock (2016)

n = 12 There was no increase in the volume 
of the central compartment (8.34 ± 
4.36 L) or the volume of peripheral 
compartment (30.99 ± 7.84 L) 
compared to patients with non-septic 
shock

In the early stages of septic 
shock, the total clearance of 
vancomycin increased, while the 
volumes of distribution of the 
central and peripheral 
compartments did not increase

Katip et al
[52]

A random sampling

Patients receiving vancomycin 
were categorised by body mass 
index and randomly chosen from 
the computer-generated query

Multicenter evaluation of 
vancomycin dosing: emphasis 
on obesity (2008)

n = 421

Adequate initial doses were achieved 
in 93.9% of overweight patients and 
27.7% of obese patients

The patient receives a weight-
based dose

Hall et al
[53]

Retrospective review 

Comparison of original and 
revised dosing regimens for 
achieving target serum trough 
concentrations and occurrence of 
nephrotoxicity in obese subjects

Performance of a vancomycin 
dosage regimen developed for 
obese patients (2012)

n = 138

Revised strategy resulted in a higher 
frequency of target troughs

Compared with the original 
strategy, the revised strategy 
improved the attainment of 
target trough concentrations 
with minimal nephrotoxicity

Reynolds 
et al[54]

Vd: Distribution; TBW: Total body weight; IBW: Ideal body weight; TDM: Therapeutic drug monitoring; AUC: Concentration-time curve; MIC: Minimum 
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inhibitory concentration.

with greater CL of vancomycin in the obese group[30]. Vancomycin is a hydrophilic drug with 
predominant renal excretion. Furthermore, augmented renal clearance (ARC), defined as a creatinine 
clearance more than or equal to 130 mL/min/1.73 m2, refers to enhanced elimination of hydrophilic 
solutes by the kidneys[31]. The results indicate that ARC has been described in the obese, non-critically 
ill patient[32], and is a common finding in critically ill patients with normal plasma creatinine concen-
trations[33].

The option of vancomycin loading doses is dependent on the estimate of the Vd. Pharmacokinetic 
research had demonstrated that vancomycin Vd increases with increasing TBW[34]. The physico-
chemical properties of drugs lead us not to define a universal body-size parameter for the distribution 
and clearance of drugs. As a consequence, the body weight was used in dose selection for drug adminis-
tration[35]. One guideline states that a reasonable approach to the initial dose of vancomycin in obese 
individuals is to increase the loading dose to 20 to 25 mg/kg TBW and to decrease the maintenance 
dose, then adjust the dose according to TDM[36]. The 2020 Infectious Diseases Society of America 
(IDSA) consensus recommends the use of a TBW-based loading dose of 20 to 25 mg/kg in obese adults 
with severe infections, and considers capping doses of 3000 mg as the most practical dosing regimen
[37].

Data have shown an excellent correlation between TBW and CL[38]. Thus, the empirical maintenance 
dose of vancomycin is dependent on the estimated CL[39]. The initial maintenance doses of vancomycin 
can be calculated by vancomycin CL and target AUC for obese population[18,40]. The 2020 IDSA 
consensus points out that the mean vancomycin CL in obese patients is approximately 6 L/h, which 
corresponds to an AUC of approximately 500 mg·h/L at a daily dose of 3000 mg. The empirical 
vancomycin maintenance dose for obese adults should not exceed 4500 mg/d because vancomycin CL 
rarely goes beyond 9 L/h[37].

The pharmacodynamic parameter that best predicts the efficacy of vancomycin is the ratio of the area 
under the curve (AUC) to the minimum inhibitory concentration (MIC)[9]. In adult patients with 
suspected or definitive serious MRSA infection, the AUC/MIC ratio (assuming a vancomycin MIC of 1 
mg/L) with targets between 400 and 600 was recommended in the American Society of Health-System 
Pharmacists (ASHP) 2020 guideline[37]. Based on the historical difficulty of AUC estimation in clinical 
practice, previous expert guidelines recommended monitoring trough concentrations as a surrogate 
marker for the AUC/MIC ratio[41]. The 2020 Evidence-based Guideline for Therapeutic Drug 
Monitoring of Vancomycin recommends maintaining vancomycin steady-state trough concentrations at 
10–20 mg/L to achieve clinical efficacy and improve patient safety[42].

CRRT is a common treatment for critically ill patients with acute renal injury[43]. With advances in 
hemodialysis membrane technology, vancomycin is cleared substantially by effective and high-flux 
dialyzers[44]. Therefore, vancomycin dosing regimens for CRRT need to be changed, but there is no 
mention of CRRT dosing recommendations in the latest FDA-approved vancomycin package insert[45]. 
Vd may be increased in CRRT patients compared to healthy individuals with normal kidney function
[46]. During CRRT treatment, vancomycin CL remains a near-steady-state condition over the dosing 
interval, although vancomycin CL may decline over time as a result of hemodialysis filter plugging[46]. 
Vancomycin CL is closely related to the flow rate of ultrafiltration/dialysis solution[47]. The 
recommended loading dose for patients receiving CRRT is based on the actual TBW, at the dose of 20 to 
25 mg/kg[48]. In order to achieve the generation of steady-state concentrations between 15 and 20 
mg/L, a maintenance dose of 400 to 650 mg/12 h of vancomycin at an ultrafiltration flow rate of 30-40 
mg/kg/h is recommended for most critically ill patients[49]. Due to the unstable clinical situation, 
vancomycin concentration must be strictly monitored in critical patients[50].

In summary, we report a case of adjusting the blood concentration of vancomycin with enhanced 
effectiveness in an obese patient. The initial TBW of the patient with normal renal function was 240 kg. 
Thus, the patient should receive an initial TBW-based load of 6 to 7.2 g of vancomycin every day. 
However, the dose of vancomycin is greater than 4 g/d, which increases the risk of nephrotoxicity[51]. 
Following the recommended dose limit of 3 g, the patient received an initial TBW-based loading dose of 
2 g and a maintenance dose of 1 g of vancomycin every 8 h. The initial serum concentration of 11.7 
μg/mL was obtained, after the patient had received three doses of vancomycin. The serum concen-
tration demonstrated that the dosing regimen is reasonable. Due to acute renal failure with reduced 
urine output or even anuria, intravenous injection of vancomycin at 3 g/d led to a blood concentration 
of vancomycin that was higher than 20 μg/mL. We immediately reduced the dose of vancomycin and 
monitored the blood concentration of the drug. On the 29th day, the patient was treated with CRRT, the 
dosage regimen of vancomycin was 1 g every 12 h considering the clearance of vancomycin by CRRT, 
and the blood concentration was 13.3 μg/mL. The final blood concentration of vancomycin was 
maintained in the range of 10 to 20 mg/L.
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CONCLUSION
The clinical dose of drugs administered is generally determined based on the results of pharmacokinetic 
studies and clinical trial studies in non-obese patients, which may not be optimal in obese individuals. 
Hence, the difference in pharmacokinetics of different drugs between obese and non-obese patients 
must be considered during drug treatment. Obesity is also associated with physiological changes that 
can alter the pharmacokinetics of vancomycin, and the selection of the dose of vancomycin administered 
needs to take into account the effect of the body weight of patients. Furthermore, both the loading dose 
and the maintenance dose are different from non-obese patients. During treatment, we should make 
appropriate dose adjustments based on the patient's therapeutic drug monitoring and renal function. At 
the same time, altered pharmacokinetics of antibacterial drugs may require dose individualization to 
achieve target concentrations. Adjustment of loading dose and maintenance dose is critical for the 
antibiotic treatment in obese patients using vancomycin. Unfortunately, limited data are available 
analyzing vancomycin concentrations in obese patients.
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