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(Continued on page 10)

“Weighing In” on Antibiotic Dosing in Obese Patients
by Dana Siu, Pharm.D.

Obesity is a growing problem that increases the risk of many diseases and contributes
to other health-related problems. For healthcare providers involved in choosing appropriate
dosage regimens for therapy, the management of obese patients can be a challenge. Obesity
results in physiologic changes that affect the pharmacokinetic parameters of many drugs.
Particularly, with antibiotics, an allowance for these alterations may be necessary to obtain
desirable serum concentrations in obese patients. The limited availability of data regarding
the pharmacokinetic differences of antibiotics in obese patients, relative to patients of
“normal” weight, affords an opportunity for the provider to review key pharmacokinetic
principles and apply this knowledge to the treatment of this growing population.

Obesity can be defined based on the percentage above ideal body weight (% IBW) or
based on the body mass index (see Table I). Although several equations have been formulated,
the Devine formulas1 (see Equations 1 and 2) are most frequently used to calculate IBW.2,3
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Equation 1:  IBW(male) = 50kg + 2.3kg x (inches over 5ft tall)
Equation 2:  IBW(female) = 45.5kg + 2.3kg x (inches over 5ft tall)

Since obesity can impact the distribution and clearance of drugs, changes to the volume
of distribution (Vd) and total body clearance (CL) are the key pharmacokinetic parameters
that must be considered in calculating the dose of antibiotic necessary to achieve desired
serum concentrations. The Vd is physiologically determined by the volume of blood, the
volume of body tissues and organs, and the binding of the drug in the tissues relative to the
blood.6 The Vd in obese patients, therefore, depends on the drug’s affinity for and quantity
of adipose tissue; a greater affinity for adipose tissue affords a greater volume for drug
accumulation. In addition to physiologic determinants, the Vd of antibiotics can be
influenced by the drug’s solubility in body water relative to adipose tissue. Most antibiotics
are hydrophilic and will distribute into body water better than into adipose tissue (e.g.,
acyclovir). For these antibiotics, Vd correlates better with lean body mass, or IBW.7
However, since lean body mass tends to increase along with adipose tissue in obesity, the Vd
for some hydrophilic drugs (e.g., aminoglycosides) correlates better with adjusted body
weight (ABW).4 On the other hand, lipophilic compounds (e.g., amphotericin B), may have
an expanded Vd in obese patients, and thus correlate better with total body weight (TBW).7
Finally, it should be noted that TBW is also recommended as the basis for dosing certain obese
patient populations with hydrophilic antibiotics when (a) the safety of this approach has been
demonstrated (e.g., daptomycin), or when (b) clinically significant differences in Vd and
CL have not been detected in comparative studies (e.g., dalfopristin-quinupristin).
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(story continued on page 11)

Calculating the Vd (see Equation 3)8 can help to determine an appropriate loading
dose for obese patients.4 For this calculation, the Vd determined for a drug in a non-obese
population is simply multiplied by a factor that takes into account the excess body weight
and corrects for additional distribution of the drug into adipose tissue. A generic
correction factor of 0.4 for hydrophilic drugs is an average of factors (0.37-0.58)
validated in pharmacokinetic studies of aminoglycosides,4,9-13 but different correction
factors are recommended for beta-lactams (0.3)2 and ciprofloxacin (0.45).14 Although
the generic correction factor of 0.4 is inferred from theoretical data on aminoglycosides,
it provides the best current alternative for estimating the parameter for other hydrophilic
antibiotics when clinical studies in obese patients are lacking.

Equation 3: Vd(obese) = Vd(non-obese) x Adjusted Body Weight
Adjusted Body Weight = IBW + [(*C) x (TBW - IBW)]

*C = correction factor (see explanation in text above and Table III below)

Due to the physiological
and pharmacokinetic
alterations associated with
obesity, using conventional
doses of antibiotics may not
be adequate to achieve
minimal effective concen-
trations.6  In addition,
weight-based formulas that
fail to adequately correct
for drug distribution into
excess adipose tissue may
lead to an underestimation
of drug clearance in obese
patients.17
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In addition to Vd, alterations in total body clearance (CL) should also be considered
in determining a maintenance dose and dosing interval necessary to achieve desired
steady-state concentrations in obese patients. The Cockcroft and Gault equation15 (see
Table II on next page), is most commonly used in clinical practice to estimate drug
clearance, but the accuracy of this method is limited to normal-weight patients. Although
obesity generally is associated with an increase in creatinine clearance (CLcr), the
original Cockcroft and Gault equation tends to overestimate the parameter,16 prompting
several modifications to the original (see Table II).15,17 Even with these modifications,
however, the Cockcroft and Gault equations are not thought to provide an accurate
enough estimate for CLcr in obese patients.17 Rather, the Salazar-Corcoran equations18

(see Equations 4 and 5) have been shown to result in more accurate predictions of CLcr
for obese patients. While other non-renal changes in CL occur in obesity, data regarding
the implications for drug dosing are limited.4

Literature on obesity dosing
is available for only 18 of the
antibiotics on the UW Med-
icine Drug Formulary.

There is debate in the litera-
ture regarding whether the↑
in CLcr in obese patients is
due to an ↑ in the number of
nephrons. The Salazar-
Corcoran equations (see
Equations 4-5) are thought
to provide the best estimate
of CLcr in obese patients.18
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Note:   The editor gratefully ac-
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Pharm.D., and David T. Bearden,
Pharm.D., in reviewing this article.
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Equation 4: CLcr(males) = (137 - age) x [(0.285 x TBW) + (12.1 x Ht2)] / (51 x Scr)
Equation 5: CLcr(females) = (146 - age) x [(0.287 x TBW) + (9.74 x Ht2)] / (60 x Scr)

Estimating the Vd and CL in an obese patient allows for easy calculation of a drug’s
half-life (t1/2; see Equation 6),8 the time to reach steady state conditions (3-5 half-lives)
and the time for all of the administered drug to be eliminated (5 half-lives). Calculating
an appropriate antibiotic regimen to achieve optimal drug concentrations, however,
requires the use of a more complicated set of equations.8 Literature-based recommen-
dations for commonly used intravenous antibiotics have been compiled in Table III (see
pages 10-11). Contact a clinical pharmacist for advice regarding individualizing the
dosing regimen of other antiinfectives.

Equation 6:  t
1/2

 = (0.693 x Vd) / CL

In summary, data regarding the dosing of antibiotics in obese patients is limited to
mainly a handful of small pharmacokinetic studies and a few case reports. With the
exception of aminoglycosides and vancomycin, the pharmacokinetics of most other
antibiotic agents have not been extensively investigated in the obese population. Just the
same, it may be necessary to make allowances for the physiological changes associated
with obesity in order to obtain desired serum concentrations and achieve positive clinical
and microbiological outcomes. While a clinical pharmacist can assist in the selection of a
rational dosing regimen based on sound pharmacokinetic principles, the fine-tuning of
dosage regimens must continue to be based on clinical and laboratory evidence of response.

There is evidence that
cytochrome P450 activity
may be altered in obesity
and blood flow to the liver
is generally increased.

The only antibiotic class
to have outcomes corre-
lated with serum concen-
trations in obese patients
is the aminoglycosides.13

Without clinical studies in
obese patients, recommen-
dations for other drugs
are largely theoretical.
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