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ABSTRACT

Vancomycin is used to manage methicillin-resistant Staphylococcus aureus (MRSA) and other bacterial infections
that are Gram-positive in nature. Linezolid belongs to the oxazolidinone class of antibiotics, which is primarily used
to treat vancomycin-resistant Enterococcus (VRE), MRSA, diabetic foot, soft tissue, and skin infections. Here, we
discuss vancomycin and linezolid dosing in obese patients, their mechanism of actions, pharmacokinetics, prob-
lems with dosing and evaluation of several dosing protocols in the obese patient population. There is no generally
accepted dosing protocol for linezolid and vancomycin. Evidence suggests that using trough concentrations alone is
insufficient for estimating vancomycin and linezolid exposure accurately as many researchers have revised protocol
guidelines, developed more rigorous dosing and monitoring guidelines, or developed novel dosage strategies to meet
the needs of overweight patients. Peaks and troughs measurement should be considered because it improves preci-
sion and reduces the area under the curve (AUC) estimate bias. To provide better dosing guidelines in this vulnerable

group, obese patients must be included in all phases of drug design.
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INTRODUCTION

Adults are categorized as either overweight or obese by
using the Body Mass Index (BMI) which is a measure
of weight over height with the unit in kg/m?* (1,2). As
outlined by World Health Organization (WHO), an
overweight adult has a BMI of > 25 while an obese adult
weighs > 30 (3). Further, an overweight child under the
age of five has a weight over height measure > 2 points
above the WHO Child Growth Standards while obese
children of the same age have a weight over height
measure > 3 points above WHO standards. Similarly,
overweight children between 5-19 years have a weight
over height measure > 1 point and obese children within

the same age have a weight over height measure > 2
points above WHO standards (20). Obesity was once
thought to be a problem for only developed countries
but available data suggests otherwise. There are reports
of obesity in less developed countries and as it stands,
no one is free from obesity especially in the urban areas.
About 38.2 million children around age 5 were obese
or overweight in 2019 alone. For instance, in about a
decade, 25% of children around 5 years are overweight
in Asia and Africa and they have the highest count of
overweight children in 2019 under age 5 (2). In 2016
however, the number of teenagers and children between
5 - 19 years that are overweight was more than 340
million. Further, a significant jump in the occurrence
of overweight and obesity from 4-18% between 1975-
2016 among 5-19 years children and young people has
been observed. This jump was also seen in teenagers so
much so that in 2016, 124 million children and young
people making up about 6% and 8% of young boys
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and young girls respectively were obese as compared
to under 1% in 1975. Contrary to popular belief,
underweight has caused far fewer deaths than obesity
and overweight as data has proven that a considerable
large number of people worldwide excluding African-
Sub Sahara and Asia are obese than underweight (1,2).
The categorization of BMI according to WHO is seen in
Table I.

Table I: Body Mass Index categorization according to World Health
Organization

BMI (kg/m?) WHO categorization

>40.00 Obese class Il (other terms: morbidly obese,
extremely obese)

35.00-39.99 Obese class Il

30.00-34.99 Obese class |

25.00-29.99 Overweight

18.50-24.99 Normal weight

<18.50 Underweight

Obese individuals have not only been documented
to be worse-off in clinical outcomes as obesity is
known to have a direct relationship with hypertension,
cardiovascular illness and diabetes but are also a
potential risk for infectious agents (4). Because of these
risks, sufficient antimicrobial dosing is required to
effectively treat obese patients even though information
on dosing guidelines of several antibiotics in obesity
is scarce or lacking (5). Several reasons exist for the
difficulty observed in antimicrobial dosing in obese
individuals among which is the differential volume and
clearance of drugs. This can be caused by characteristics
of the antimicrobial and the type and extent of obesity
(6).

Vancomycin is used to treat methicillin-resistant
Staphylococcus aureus (MRSA) and other Gram-positive
bacterial infection (7, 8). It was recommended that
vancomycin be given every 8-12 hours at 15 to 20 mg/
kg/dose by the Infectious Diseases Society of America
(IDSA) MRSA protocol in 2011 and in a normal renal
functioning patient, at least 2g per dose should be given
(9). The same protocol suggested the observation of
vancomycin concentrations at the highest levels and
that vancomycin dosing is largely dependent on trough
concentrations. More so, vancomycin dosing relying
on actual body weight especially in obesity has its own
complications as it could cause nephrotoxicity (10,
11). Linezolid belongs to the group of antibiotics called
oxazolidinone majorly used in treating vancomycin-
resistant Enterococcus (VRE), MRSA, diabetic foot, soft
tissue and skin infections seen in obese patients (12,
13). Linezolid is given orally or intravenously with a
12-hourly dosage of 600mg (14). There seems to be no
protocol for linezolid dosing in obese patients as regards
weight, however, its concentration might be low in
obese patients prompting a dose increment as described
in some research (15).

In this review, we highlight vancomycin and linezolid
dosing in obese patients. These include descriptions of
their mechanism of actions, pharmacokinetics, problems
with dosing and evaluation of several dosing protocols
in the obese patient population.

MECHANISM OF ACTION OF VANCOMYCIN AND
LINEZOLID

Vancomycin, which is only effective against Gram-
positive bacteria prevents the polymerization of
peptidoglycans in the bacteria cell wall which is made
up of complex structures called N-acetylmuramic acid
(NAM) and N-acetylglucosamine (NAG) placed in a
firm layer (16). The binding of vancomycin to D-alanyl
D-alanine inhibits the fusion and polymerization of NAM
and NAG by blocking the carrier’s glucosyltransferase
and P-phospholipid. Because of this, intracellular
elements sip outward of the weakened cell wall and
cause the dissolution of the bacteria cell wall (17).

Linezolid on the other hand, through the integration
of the ribosomal unit of 50S and 30S rRNA, prevents
the synthesis of bacteria protein (18, 19), and stops the
progression of the initiation complex thereby decreasing
the pace at which translation occurs. It helps lowers
the toxins produced by bacteria that are Gram-positive
by stopping the virulent element from emerging (20,
21). Linezolid has an exclusive inhibition spot which
permits the multi-directional flow of resistant factors to
other protein production inhibitors (21, 22). Also, the
initiation process at this spot takes place first before that
of other protein production stoppers (19).

PHARMACOKINETICS OF VANCOMYCIN AND
LINEZOLID

Differentantibiotics interact in the body in almost entirely
different ways. Linezolid’s absorption is unaffected by
food availability (18, 23) and has a 100% bioavailability
(24, 25). Linezolid can be given orally or intravenously,
and it is sometimes given in conjunction with antacids
because it has no effect when taken orally (13, 26). Aside
from its ease of absorption, it has a 31% plasma protein
aggregating level, a 3.4-7.4 half-life that metabolizes
into hydroxyethyl glycine and aminoethoxy-acetic acid
(26, 27), and a volume of circulation of the protein
equivalent to 40-50 L. After distribution, clearance is
carried out by the renal and other mechanisms at a rate
of 80+29 mL/min. In most cases, unchanged linezolid
is discharged through the urine, though reabsorption
might take place in the renal tubules (28, 29).

Vancomycin, ontheotherhand, whichislessbactericidal,
is given intravenously, orally and via rectal (30). When
administered orally, it has a 10% bioavailability or less,
while activity begins immediately following a serum peak
concentration after infusing vancomycin intravenously
(31). Vancomycin has a protein-binding level of 55%
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and a large volume of protein circulation in fluids and
tissues, excluding normal meninges and cerebrospinal
fluid (CSF) (32). Furthermore, unlike linezolid, it has no
obvious metabolism, and in individuals with healthy
renal tubules, it has clearance rates ranging from 0.71
mL/min/kgto 1.31 mL/min/kg and a bi-phasic elimination
half-life of 4 to 6 hours at the terminal end, with a rapid
initial half-life. Because of the elimination half-life,
patients with renal dysfunction should be monitored
around the clock (31). Furthermore, unlike linezolid,
vancomycin infused intravenously is excreted 75%
through urine and 25% through the glomeruli, whereas
those administered orally are excreted primarily through
feces (30, 33).

ADMINISTRATION  STRATEGIES
ATTENDANT  PROBLEMS IN
OVERWEIGHT PATIENTS

AND
OBESE

THEIR
AND

There has been some debate about whether vancomycin
dosing should be based on AUC or trough concentration
because AUC only represents total drug exposure over
a given time administered to a patient (34, 35). Many
investigations have been performed in an attempt to
address the complexities associated with medicating
in obesity when it is centered on weight. (36-38).
One thing is certain: vancomycin administration has a
pharmacokinetic target of 400 mg/L AUC and 15 to 20
mg/L trough concentration. This is a problem in obese
patients because the trough concentration produces a
different AUC (6, 37).

In the United States of America, for example, studies
assessing the pharmacokinetics of antibiotics are scarce
because they are not required for drug approval by
the US Food and Drug Administration, even though
approximately one-third of its adult population is
overweight according to Halpern et al. (39), and that
there are over 1.9 billion obese people worldwide (2).
Currently, vancomycin administration and monitoring
allow for dosing of 15-20 mg/kg every 8-12 hours
based on real body weight, but more research is needed
to recommend ideal administration of these antibiotics
in obese individuals regardless of BMI (32).

As several studies have argued on the appropriate
strategy for vancomycin dosing in obese patients,
different vancomycin dosing guidelines have been used
in different practices (40-46). Hall et al. (44) and Rybak
et al. (47) describe a specific study in which 25% of
obese patients were given vancomycin doses of 210 mg/
kg per dose and 1% were given doses of 215 mg/kg per
dose. The effectiveness of vancomycin in these obese
patients is dependent on serum concentration, as they
are hampered by elevated clearance and distribution, as
well as a short half-life. As a result, some practices have
advocated for regular dosing to reduce drug toxicity and
improve efficacy (5, 35).

The case is however different for morbidly obese
individuals. The peculiarinteractionsof several antibiotics
are affected by morbid obesity (48). These antibiotics
include vancomycin (32, 49) and aminoglycoside
(48, 50). In the early 1980s, prior to the utilization of
steady-state peak and trough target concentrations (40),
vancomycin administration guidelines in normal renal
functioning morbidly obese patients were developed. It
was determined by the total body weight (TBW), which
was 23.4 mg/kg/d-1 at the time. This measurement was
thought to be the most effective in achieving steady-state
concentrations of 15pg/ml-1 on average (51, 52). The
fact that vancomycin exhibited bactericidal tendencies
that varied with time, as well as the significance of the
antibiotic in maintaining suitable steady-state trough
concentrations, was not fully understood (53, 54).

Physiological changes influence antibiotic interactions
in morbidly obese patients. These physiological changes
may include increased adipose tissue availability,
which, in addition to large organs, may increase slim
body mass and blood quantity (55, 56). Because the
quantity of distribution of a drug is directly proportional
to the quantity of blood, organs, and drug interaction in
the blood and organs, adipose tissue, which is mostly
made up of fats, allows for easy drug dispersal through
extracellular fluids, and the pace and volume of this
dispersal for most drugs is increased, particularly in
morbidly obese individuals (57). Drugs such as digoxin
and cimetidine do not percolate deeply into fatty tissue
because their quantity may be the same in normal-
weight and morbidly obese individuals (58, 59). On the
other hand, aminoglycosides with high polarity disperse
easily through large extracellular spaces in adipose
tissue (60-62), resulting in a significant increase in
the volume of distribution in morbidly obese patients
(42). Furthermore, when a drug like diazepam, which
is highly lipid-soluble, is administered, the quantity of
dispersal may be significantly elevated.

Creatinine clearance is another physiological change
that is higher in morbidly obese patients compared
to patients of normal weight when given the same
concentration of serum creatinine (6). It is frequently
employed as a surrogate for glomerular filtration rate,
which is assumed to be higher in morbidly obese
patients due to the existence of more effective nephrons
and larger kidneys. (63). As a result, vancomycin and
linezolid, which are excreted renally, are cleared
quickly in morbidly obese individuals (40, 41). Because
conventional techniques for measuring creatinine
clearance in morbidly obese persons, such as the
Cockcroft-Gault formula, are insufficiently exact, (64-
66) a new method of determining creatinine clearance
was established.

The concept of therapeutic drug monitoring (TDM)
has been demonstrated to be important in the context
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of obesity. In their studies, Cattaneo et al. (67) and
Pea et al. (68) demonstrated the variability of linezolid
minimum trough concentrations, particularly after
receiving a linezolid dosage of 600mg every 12 hours
in a large patient population. They also stated that with
the proper treatment schedule, there is a 10- to 20-fold
variation in linezolid minimum trough concentrations
between patients. Taubert et al. (69), Tsuji et al. (70) and
Minichmayr et al. (71) demonstrated the need for TDM-
based linezolid administration in their studies. However,
the lack of resources for effective and efficient use by
most specialists is a disadvantage, and in this case, a
substitute measure that promotes the best linezolid
dosing is used, which is mostly based on renal function
and body size. Linezolid’s physiological pathway, like
vancomycin’s, is dependent on its pharmacokinetics
according to Hanley et al. (72). For example, Bhalodi
et al. (73) found a rather strain association between
linezolid and body size in their small cohort study of
moderately to morbidly obese patients. Another study,
Hanley et al. (72), clearly demonstrated the relationship
between linezolid pharmacokinetics with body size.

DOSING AND MONITORING PROTOCOLS

This section will go over vancomycin and linezolid
dosing and monitoring protocols. However, based on
the literature we have, we don’t know much about
different linezolid monitoring protocols. As a result,
we would attempt to discuss the vancomycin protocol
in the hope that it would suffice for linezolid. Because
vancomycin dosing guidelines are not explicit enough,
and there are differences in pharmacokinetic parameters
in obese people, the need for a comprehensive dosing
protocol cannot be overstated. Several researchers have
developed different vancomycin dosing protocols to
improve its efficacy in obese patients.

Wesner et al. (74) are one such group of researchers
who conducted a prospective study to compare the
performance of their new dosing strategy to that of a
well-known strategy. Although their study did not report
the performance of their new strategy for obese patients
and excluded subjects weighing more than 120kg,
vancomycin trough concentrations based on weight
dosing protocols of the patients enrolled were the goal.
In their investigation, a P value of 0.190 was attained
by 49% of normal patients and 39% of obese subjects.
Dosing was 30% over ideal body weight (IBW) for obese
subjects and total body weight (TBW) for non-obese
subjects. Subjects with trough targets of 15 to 20 pg/mL
and 10 to 15 pg/mL were given a loading dose of 24 mg/
kg and 22 mg/kg, respectively, and a maintenance dose
of 13 mg/kg was given to the subjects at intervals based
on creatinine clearance.

Reynolds et al. (75), concerned about high and irregular
vancomycin trough levels in obese individuals visiting
their clinic, decided to conduct a retrospective study to

develop a new dosing strategy. In their study, 74 and
64 patients were given vancomycin using the new and
standard protocols, respectively, and all subjects had a
creatinine clearance rate of 260 mL/min. Unlike Wesner
et al. (74), subjects in Reynolds et al. (75) studies were
given a vancomycin initial dose of 20 to 25 mg/kg,
trailed by a conservation dose of 10 mg/kg or 15 mg/kg
every 12 or 24 hours, respectively. Furthermore, the new
dosing strategy had vancomycin trough with the highest
frequency 59% (P = 0.006) at 10 to 20 pg/mL target
point, a >20 pg/mL trough concentration supratherapy
occurring at a reduced rate (18% vs 55%, P = 0.001),
and <10 pg/mL trough concentration subtherapy
occurring at an increasing rate (23% vs 9%, P = 0.033).
It is important to note that, even though all conditions
were the same, subjects given the new dosing strategy
had significantly lower TBW.

Similarly, after observing that the rate of supratherapeutic
trough levels in obese individuals is increasing following
standard dosing, Kosmisky et al. (76) developed a
drug administration strategy for obese individuals in
a retrospective study analogous to that of Reynolds et
al.(75). In this strategy, initial doses of 20 to 25 mg/kg
and preservation doses of 10 mg/kg were given, with the
preservation dose given 12 to 24 hours after the initial
dose, both based on TBW. The preservation dose, on
the other hand, is determined by creatinine clearance.
However, the intermediate initial and preservation
doses were 19.4 mg/kg and 9.9 mg/kg given every 12
hours, respectively. Finally, a therapeutic trough level of
10 to 14.99 pg/mL and 15 to 20 pg/mL was observed in
23.5% and 76.5% of subjects respectively, while 56.3%
and 8.3% of subjects experienced subtherapeutic and
supratherapeutic trough levels respectively.

Hong et al. (77) attempted to determine effective dosing
in obese patients using a calculation method based on
agreed-upon drug pharmacokinetics. On the one hand,
it included the addition of maintenance and loading
doses, as well as an elimination rate constant calculated
using the Matzke method (78), and on the other, it
included the calculation of creatinine clearance using
the Cockcroft-Gault equation and the determination of
a volume of distribution of 0.8 L/kg dependent on the
TBW. Unlike the standard guideline, which assesses
trough concentration, Hong et al. (77) employed a
two-sample peak and trough observation method for
the intervention subjects. Furthermore, their strategy
included loading doses of 30 to 40 g/mL and 10 to 15
g/mL, or 15 to 20 g/mL, indication-based maintenance
doses respectively.

Finally, Denetclaw et al. (79) developed an elaborate
vancomycin administration strategy in obese patients
that involves dividing loading doses. This strategy
was devised to attain a targeted trough concentration
of 215 pg/mL within 24 hours while avoiding trough
concentrations of >20 pg/mL or <10 pg/mL. First day,
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the total initial dose was 60 mg/kg and 45 mg/kg or 30
mg/kg divided into 15 mg/kg every 6 hours and 15 mg/
kg every 8 or 12 hours, with the highest dose at 20 mg/
kg/dose. This strategy appears to be the most effective,
but it requires a significant amount of labor due to its

complexity.
Table Il shows the

(80).

suggested antibiotic dosing
modifications in obesity for different antibiotic groups

Table 11: Some Antibiotic Dosage Modifications in Obese Patients

Antibiotics

Observations

Vancomycin

Linezolid, ceftaroline, ceftolozane/
tazobactam, ceftazidime/avibactam,
doripenem, ertapenem, imipenem,
meropenem, moxifloxacin, tedizolid,
dalbavancin, oritavancin, and
tigecycline

Gentamicin, tobramycin and amika-
cin, polymyxin B, trimethoprim-sul-
famethoxazole, and daptomycin

B-lactams

Amoxicillin, nafcillin, piperacillin/
tazobactam, cefazolin, cephalexin,
ceftazidime, cefepime, ciprofloxa-
cin, levofloxacin, clindamycin

Various antimicrobials (e.g., fluoro-
quinolones)

Doses do not seem linear to body
weight; decreases in weight-based
doses are needed

Single levels, as well as two-point ob-
servations (peak and trough), might
improve the accuracy of AUC esti-
mates if software capable of Bayesian
analysis was used.

Do not seem to necessitate dose
adjustments solely based on obesity.
In some cases, prolonged infusions
of meropenem and doripenem may
be explored.

To reduce the danger of toxicity, use
ABW,_, as the dosage weight index.

Additional dose strategies, especially
for severe infections or for patients
with fluctuating renal function
should be considered, e.g. pro-
longed or continuous infusions.

Data are insufficient and/or con-
tradictory; in severe and/or latent
infections, dosing at the topmost end
of the normal dosing range would
be sensible.

The importance of TDM in advanc-
ing antimicrobial dosing in obese,
critically ill, and other special
populations is becoming increasing-
ly important.

Telavancin Dosing modifications may be
required (e.g., fixed-dose and a dose
cap at 1000 mg).

CONCLUSION

The answer to the preceding question is no. To
improve vancomycin and linezolid administration and
target trough achievement, several researchers have
made protocol adjustments, devised more intense
administration and surveillance protocols, or developed
new administration techniques to accommodate the
needs of the obese individuals for which they offer care.
The majority of these creative approaches, however,
failed to meet expectations. Evidence suggests that
using trough levels alone is inadequate for estimating
vancomycin and linezolid interactions accurately. Peaks
and troughs should still be well-thought-out because it

facilitates precision and reduces AUC estimate bias. To
provide better antibiotic administration guidelines in
such vulnerable group, obese patients must be included
in all phases of the drug design.

ACKNOWLEDGEMENTS

Y.W. and A.A.l are supported by the USM Fellowship
Scheme. This review was funded by the Universiti Sains
Malaysia Institutional grant with grant number 1001.
PPSP.8012259.

REFERENCES

1. Gonzilez-Muniesa P, Martinez-Gonzalez MA, Hu
FB, et al. Obesity. Nat Rev Dis Prim 2017; 3: 1-18.

2.  Obesity and overweight, https://www.who.
int/news-room/fact-sheets/detail/obesity-and-
overweight (accessed 14 February 2020).

3. Singh P, Rai SN. Factors affecting obesity and its
treatment. Obesity Medicine 2019; 16: 100140.

4. Wada Y, Harun AB, Yean CY, et al. Vancomycin-
resistant enterococcus, obesity and antibiotics: Is
there a possible link? Obesity Medicine 2020; 18:
100226.

5. Pai MP, Derstine BA, Lichty M, et al. Relationships
of vancomycin pharmacokinetics to body size and
composition using a novel pharmacomorphomic
approach based on medical imaging. Antimicrob
Agents Chemother; 61. Epub ahead of print 1
November 2017. DOI: 10.1128/AAC.01402-17.

6. Pai MP. Antimicrobial Dosing in Specific
Populations and Novel Clinical Methodologies:
Kidney Function. Clin Pharmacol Ther 2021; 109:
952-957.

7. Wada Y, Harun AB, Yean CY, et al. Vancomycin-
resistant enterococcus: Issues in human health,
animal health, resistant mechanisms and the
malaysian paradox. Adv Anim Vet Sci 2019; 7:
1021-1034.

8. [8] Wada Y, Harun AB, Yean CY, et al.
Vancomycin-Resistant  Enterococci  (VRE) in
Nigeria: The First Systematic Review and Meta-
Analysis. Antibiotics 2020; 9: 565.

9. Tseng SH, Lim CP, Chen Q, et al. Evaluating
the relationship between vancomycin trough
concentration and 24-hour area under the
concentration-time curve in neonates. Antimicrob
Agents Chemother; 62. Epub ahead of print 1 April
2018. DOI: 10.1128/AAC.01647-17.

10. Mergenhagen KA, Borton AR. Vancomycin
nephrotoxicity: A review. ] Pharm Pract 2014; 27:
545-553.

11. FilipponeE), Kraft WK, Farber L. The Nephrotoxicity
of Vancomycin. Clinical Pharmacology and
Therapeutics 2017; 102: 459-469.

12. Egan SA, Corcoran S, McDermott H, et al. Hospital
outbreak of linezolid-resistant and vancomycin-
resistant ST80 Enterococcus faecium harbouring an

Mal J Med Health Sci 18(3): 166-173, May 2022 170



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

171

optrA-encoding conjugative plasmid investigated
by whole-genome sequencing. ] Hosp Infect 2020;
105: 726-735.

Rao GG, Konicki R, Cattaneo D, et al. Therapeutic
Drug  Monitoring Can Improve Linezolid
Dosing Regimens in Current Clinical Practice:
A Review of Linezolid Pharmacokinetics and
Pharmacodynamics. Ther Drug Monit 2020; 42:
83-92.

Brown NM, Goodman AL, Horner C, et al.
Treatment of methicillin-resistant Staphylococcus
aureus (MRSA): updated guidelines from the UK .
JAC-Antimicrobial Resist; 3. Epub ahead of print 18
January 2021. DOI: 10.1093/jacamr/dlaal14.
Fang ), Chen C, Wu Y, et al. Does the conventional
dosage of linezolid necessitate therapeutic drug
monitoring?—Experience from a prospective
observational study. Ann Transl Med 2020; 8:
493-493.

Lee T, Pang S, Abraham S, et al. Antimicrobial-
resistant CC17 Enterococcus faecium: The past,
the present and the future. Journal of Global
Antimicrobial Resistance 2019; 16: 36-47.
Bartoletti M, Giannella M, Tedeschi S, et al.
Multidrug-Resistant Bacterial Infections in Solid
Organ Transplant Candidates and Recipients.
Infectious Disease Clinics of North America 2018;
32: 551-580.

Baits DH. Linezolid-a new option for treating gram-
positive infections. Oncology 2000; 14: 23-29.
Hashemian SMR, Farhadi T, Ganjparvar M.
Linezolid: A review of its properties, function, and
use in critical care. Drug Design, Development
and Therapy 2018; 12: 1759-1767.

Ament PW, Jamshed N, Horne JP. Linezolid: Its
Role in the Treatment of Gram-Positive, Drug-
Resistant Bacterial Infections, www.aafp.org/
afpAMERICANFAMILYPHYSICIANG663 (15
February 2002, accessed 4 June 2021).

Wang J, Xia L, Wang R, et al. Linezolid and Its
Immunomodulatory Effect: In Vitro and In Vivo
Evidence. Front Pharmacol 2019; 10: 1389.
Zurenko GE, Gibson JK, Shinabarger DL, et al.
Oxazolidinones: A new class of antibacterials.
Current Opinion in Pharmacology 2001; 1: 470-
476.

Barrasa H, Soraluce A, Usyn E, et al. Impact of
augmented renal clearance onthe pharmacokinetics
of linezolid: Advantages of continuous infusion
from a  pharmacokinetic/pharmacodynamic
perspective. Int ] Infect Dis 2020; 93: 329-338.
Ford CW, Zurenko GE, Barbachyn MR. The
discovery of linezolid, the first oxazolidinone
antibacterial agent. Current drug targets. Infectious
disorders 2001; 1: 181-199.

Kaur R, Kaur G, Singh 1, et al. Efficacy and safety
of Linezolid and Aminopenicillin/Beta Lactamase
inhibitors ofr treatment of patients with diabetic
food ulcer: A comparative study.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Dryden MS. Linezolid pharmacokinetics and
pharmacodynamics in clinical treatment. ]
Antimicrob Chemother 2011; 66: iv7—iv15.
Blackman AL, Jarugula P, Nicolau DP, et al.
Evaluation of Linezolid Pharmacokinetics in
Critically 1l Obese Patients with Severe Skin
and Soft Tissue Infections. Antimicrob Agents
Chemother; 65. Epub ahead of print 20 January
2021. DOI: 10.1128/AAC.01619-20.

MacGowan AP. Pharmacokinetic and
pharmacodynamic profile of linezolid in healthy
volunteers and patients with Gram-positive
infections. ] Antimicrob Chemother 2003; 51: 17ii
—25.

Murakami M, Narita Y, Urata M, et al. Improved
Formula for Predicting Hemodialyzability of
Intravenous and Oral Drugs. Blood Purif 2021;
1-11.

Patel S, Preuss C V., Bernice F. Vancomycin.
StatPearls Publishing, http://www.ncbi.nIm.nih.
gov/pubmed/29083794 (2020, accessed 13
February 2020).

Durand C, Bylo M, Howard B, et al. Vancomycin
Dosing in Obese Patients: Special Considerations
and Novel Dosing Strategies. Annals of
Pharmacotherapy 2018; 52: 580-590.

Colin PJ, Eleveld DJ, Hart A, et al. Do Vancomycin
Pharmacokinetics Differ Between Obese and Non-
obese Patients? Comparison of a General-Purpose
and Four Obesity-Specific ~ Pharmacokinetic
Models. Ther Drug Monit 2021; 43: 126-130.
Patel S, Preuss C V., Bernice F. Vancomycin.
StatPearls Publishing, http:/www.ncbi.nIm.nih.
gov/pubmed/29083794 (2021, accessed 4 June
2021).

Crass RL, Dunn R, Hong J, et al. Dosing vancomycin
in the super obese: less is more. ] Antimicrob
Chemother 2018; 73: 3081-3086.

Drennan PG, Begg EJ, Gardiner SJ, et al. The
dosing and monitoring of vancomycin: what is
the best way forward? International Journal of
Antimicrobial Agents 2019; 53: 401-407.

Rybak M), Boike SC. Individualized Adjustment
of Vancomycin Dosage: Comparison with Two
Dosage Nomograms. Drug Intell Clin Pharm 1986;
20: 64-68.

Cantu TG, Yamanaka-Yuen NA, Lietman PS. Serum
Vancomycin Concentrations: Reappraisal of Their
Clinical Value. Clin Infect Dis 1994; 18: 501-515.
Finch NA, Zasowski EJ, Murray KP, et al. A quasi-
experiment to study the impact of vancomycin
area under the concentration-time curve-guided
dosing on vancomycin-associated nephrotoxicity.
Antimicrob Agents Chemother; 61. Epub ahead
of print 1 December 2017. DOI: 10.1128/
AAC.01293-17.

Halpern B, Louzada ML da C, Aschner P, et al.
Obesity and COVID-19 in Latin America: A tragedy
of two pandemics—Official document of the Latin

Mal ) Med Health Sci 18(3): 166-173, May 2022



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

American Federation of Obesity Societies. Obes
Rev 2021; 22: e13165.

Blouin RA, Bauer LA, Miller DD, et al. Vancomycin
pharmacokinetics in normal and morbidly obese
subjects. Antimicrob Agents Chemother 1982; 21:
575-580.

Vance-Bryan K, Guay DRP, Gilliland SS, et al.
Effect of obesity on vancomycin pharmacokinetic
parameters as determined by using a Bayesian
forecasting  technique.  Antimicrob  Agents
Chemother 1993; 37: 436-440.

Bauer LA, Black DJ, Lill JS. Vancomycin dosing
in morbidly obese patients. Eur J Clin Pharmacol
1998; 54: 621-625.

Penzak SR, Gubbins PO, Rodvold KA, et al.
Therapeutic drug monitoring of vancomycin in a
morbidly obese patient. Ther Drug Monit 1998;
20: 261-265.

Hall RG, Payne KD, Bain AM, et al. Multicenter
Evaluation of Vancomycin Dosing: Emphasis on
Obesity. Am ] Med 2008; 121: 515-518.

Adane ED, Herald M, Koura F. Pharmacokinetics
of vancomycin in extremely obese patients with
suspected or confirmed Staphylococcus aureus
infections. Pharmacotherapy 2015; 35: 127-139.
Richardson J, Scheetz M, O’Donnell EP. The
association of elevated trough serum vancomycin
concentrations with obesity. ] Infect Chemother
2015; 21: 507-511.

Rybak M, Lomaestro B, Rotschafer JC, et al.
Therapeutic monitoring of vancomycin in adult
patients: A consensus review of the American
Society of Health-System Pharmacists, the
Infectious Diseases Society of America, and the
Society of Infectious Diseases Pharmacists. Am ]
Heal Pharm 2009; 66: 82-98.

Smit C, Wasmann RE, Goulooze SC, et al.
Population pharmacokinetics of vancomycin in
obesity: Finding the optimal dose for (morbidly)
obese individuals. Br J Clin Pharmacol 2020; 86:
303-317.

Masich AM, Kalaria SN, Gonzales JP, et al.
Vancomycin Pharmacokinetics in Obese Patients
with Sepsis or Septic Shock. Pharmacotherapy
2020; 40: 211-220.

Smit C, van Schip AM, van Dongen EPA, et al.
Dose recommendations for gentamicin in the real-
world obese population with varying body weight
and renal (dys)function. J Antimicrob Chemother
2020; 75: 3286-3292.

Moellering  RC.  Vancomycin: A 50-year
reassessment.  Clinical  Infectious  Diseases;
42. Epub ahead of print 1 January 2006. DOI:
10.1086/491708.

blvarez R, Cortits LEL, Molina J, et al. Optimizing
the clinical use of vancomycin. Antimicrob Agents
Chemother 2016; 60: 2601-2609.

Revilla N, Martiun-Subrez A, Pirez MP, et al.
Vancomycin dosing assessment in intensive

Mal ) Med Health Sci 18(3): 166-173, May 2022

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

care unit patients based on a population
pharmacokinetic/pharmacodynamic  simulation.
Br J Clin Pharmacol 2010; 70: 201-212.

Lin Z, Chen D-Y, Zhu Y-W, et al. Population
pharmacokinetic modeling and clinical application
of vancomycin in Chinese patients hospitalized in
intensive care units. Sci Reports | 2021; 11: 2670.
Mariman ECM, Wang P. Adipocyte extracellular
matrix composition, dynamics and role in obesity.
Cellular and Molecular Life Sciences 2010; 67:
1277-1292.

Berryman DE, List EO, Sackmann-Sala L, et al.
Growth hormone and adipose tissue: Beyond the
adipocyte. Growth Hormone and IGF Research
2011; 21: 113-123.

Tchernof A, Desprits JP. Pathophysiology of human
visceral obesity: An update. Physiol Rev 2013; 93:
359-404.

Boullata JI. Influence of Overweight and Obesity
on Medication. In: Handbook of Drug-Nutrient
Interactions. Humana Press, pp. 167-205.

Roberts DJ, Hall RI. Drug absorption, distribution,
metabolism and excretion considerations in
critically ill adults. Expert Opinion on Drug
Metabolism and Toxicology 2013; 9: 1067-1084.
Mingeot-Leclercq MP, Brasseur R, Schanck A.
Molecular parameters involved in aminoglycoside
nephrotoxicity. J Toxicol Environ Health 1995; 44:
263-300.

Glinka M, Wojnowski W, Wasik A. Determination
of aminoglycoside antibiotics: Current status
and future trends. TrAC - Trends in Analytical
Chemistry; 131. Epub ahead of print 1 October
2020. DOI: 10.1016/j.trac.2020.116034.
Guironnet A, Sanchez-Cid C, Vogel TM, et al.
Aminoglycosides analysis optimization using lon
pairing Liquid Chromatography coupled to tandem
Mass Spectrometry and application on wastewater
samples. ] Chromatogr A 2021; 1651: 462133.
Erstad BL, Nix DE. Assessment of Kidney Function
in Patients With Extreme Obesity: A Narrative
Review. Annals of Pharmacotherapy 2021; 55:
80-88.

Dionne RE, Bauer LA, Gibson GA, et al. Estimating
creatinine clearance in morbidity obese patients.
Am ] Hosp Pharm 1981; 38: 841-844.

Salazar DE, Corcoran GB. Predicting creatinine
clearance and renal drug clearance in obese
patients from estimated fat-free body mass. Am ]
Med 1988; 84: 1053-1060.

Demirovic JA, Pai AB, Pai MP. Estimation of
creatinine clearance in morbidly obese patients.
Am ] Heal Pharm 2009; 66: 642-648.

Cattaneo D, Gervasoni C, Cozzi V, et al.
Therapeutic drug management of linezolid: a
missed opportunity for clinicians? Int ) Antimicrob
Agents 2016; 48: 728-731.

Pea F, Cojutti PG, Baraldo M. A 10-Year Experience
of Therapeutic Drug Monitoring (TDM) of Linezolid

172



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

69.

70.

71.

72.

73.

74.

173

in a Hospital-wide Population of Patients Receiving
Conventional Dosing: Is there Enough Evidence for
Suggesting TDM in the Majority of Patients? Basic
Clin Pharmacol Toxicol 2017; 121: 303-308.
Taubert M, Zoller M, Maier B, et al. Predictors of
inadequate linezolid concentrations after standard
dosing in critically ill patients. Antimicrob Agents
Chemother 2016; 60: 5254-5261.

[70] TsujiY,Holford NHG, KasaiH, etal.Population
pharmacokinetics and pharmacodynamics
of linezolid-induced  thrombocytopenia in
hospitalized patients. Br J Clin Pharmacol 2017;
83:1758-1772.

Minichmayr K, Schaeftlein A, Kuti JL, et al.
Clinical Determinants of Target Non-Attainment of
Linezolid in Plasma and Interstitial Space Fluid: A
Pooled Population Pharmacokinetic Analysis with
Focus on Critically Ill Patients. Clin Pharmacokinet
2017; 56: 617-633.

Hanley MJ, Abernethy DR, Greenblatt DJ. Effect
of obesity on the pharmacokinetics of drugs in
humans. Clinical Pharmacokinetics 2010; 49: 71—
87.

Bhalodi AA, Papasavas PK, Tishler DS, et al.
Pharmacokinetics of intravenous linezolid in
moderately to morbidly obese adults. Antimicrob
Agents Chemother 2013; 57: 1144-1149.

Wesner AR, Brackbill ML, Coyle LL, et al.

75.

76.

77.

78.

79.

80.

Prospective trial of a novel nomogram to achieve
updated vancomycin trough concentrations.
Interdiscip Perspect Infect Dis; 2013. Epub ahead
of print 2013. DOI: 10.1155/2013/839456.
Reynolds DC, Waite LH, Alexander DP, et al.
Performance of a vancomycin dosage regimen
developed for obese patients. Am ] Heal Pharm
2012; 69: 944-950.

Kosmisky DE, Griffiths CL, Templin MA, et al.
Evaluation of a New Vancomycin Dosing Protocol
in Morbidly Obese Patients. Hosp Pharm 2015; 50:
789-97.

Hong J, Krop LC, Johns T, et al. Individualized
vancomycin dosing in obese patients: A two-
sample measurement approach improves target
attainment. Pharmacotherapy 2015; 35: 455-463.
Matzke GR, McGory RW, Halstenson CE, et al.
Pharmacokinetics of vancomycin in patients with
various degrees of renal function. Antimicrob
Agents Chemother 1984; 25: 433-437.

Denetclaw TH, Dowling TC, Steinke D.
Performance of a Divided-Load Intravenous
Vancomycin Dosing Strategy for Critically Il
Patients. Ann Pharmacother 2013; 47: 1611-1617.
Meng L, Mui E, Holubar MK, et al. Comprehensive
Guidance for Antibiotic Dosing in Obese Adults.
Pharmacotherapy 2017; 37: 1415-1431.

Mal ) Med Health Sci 18(3): 166-173, May 2022



