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

Obesity isagrowing problem that increasesthe risk of many diseases and contributes
to other health-rel ated problems. For healthcare providersinvolvedinchoosing appropriate
dosageregimensfor therapy, the management of obese patientscan beachallenge. Obesity
resultsin physiologic changesthat affect the pharmacokinetic parameters of many drugs.
Particularly, with antibiotics, an allowancefor these aterationsmay be necessary to obtain
desirable serum concentrationsin obese patients. Thelimited availability of dataregarding
the pharmacokinetic differences of antibiotics in obese patients, relative to patients of
“norma” 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 basad on the percentage above ided body weight (% IBW) or
based onthebody massindex (see Tablel). Althoughseverd equationshavebeenformul ated,
the Devineformulas! (see Equations 1 and 2) are most frequently used to calculate IBW 23

Table I: Defining Obesity*®

ISSN 0882-6684

Classification % IBW Body Mass Index (BMI)
Normal 80 - 125% IBW 18.5 - 24.9 kg/m?
Obese 126 - 190% IBW 30.0 - 39.9 kg/m?
Morbidly obese >190% IBW >40 kg/m?

Equation 1: 1BWye = S0kg + 2.3kg X (inches over 5ft tall)
Equation 2 I1BWeme = 45.5kg + 2.3kg X (inches over 5ft tall)

Since obesity canimpact the distribution and clearance of drugs, changesto thevolume
of digtribution (Vd) and total body clearance (CL) arethe key pharmacokinetic parameters
that must be consdered in caculating 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 rdlative 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 grester 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 adiposetissue. Mot antibiotics
are hydrophilic and will distribute into body water better than into adipose tissue (eg.,
acyclovir). For these antibiotics, Vd correlates better with lean body mass, or IBW./
However, sincelean body masstendstoincreasea ong with adiposetissuein obesity, theVd
for some hydrophilic drugs (e.g., aninoglycosides) corrdates better with adjusted body
weight (ABW).2 Onthe other hand, lipophilic compounds (eg., amphotericin B), may have
an expanded VVdin obese patients, and thus correl ate better with tota body weight (TBW)./
Findly, itshouldbenotedthat TBW isa sorecommended asthebas sfor dosingcertainobese
patient popul ationswith hydrophilicantibioticswhen (a) the safety of thisapproach hasbeen
demondtrated (e.g., daptomycin), or when (b) clinicaly significant differencesin Vd and
CL have not been detected in comparative studies (e.g., dafopristin-quinuprigtiny.

(Continued on page 10)
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Duetothe physological
and pharmacokinetic
alterationsassociated with
obesity, usng conventional
dosesof antibioticsmay not
beadequateto achieve
minimal effective concen-
trations® In addition,
weight-basad formulasthat
fail toadequatdy correct
for drugdigribution into
excessadiposetissue may
lead to an under estimation
of drug dearancein obese

“Weighing In” on Antibiotic Dosing in Obese Patients (continued)

Calculating the Vd (see Equation 3)8 can hel p to determine an appropriate |oading
dosefor obesepatients.4 For thiscal cul ation, theV d determinedfor adruginanon-obese
populationissmply multiplied by afactor that takesinto account theexcessbody 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,#%-13 but different correction
factors are recommended for beta-lactams (0.3)2and ciprofloxacin (0.45).14 Although
thegeneric correctionfactor of 04 isinferred from theoretical dataon aminoglycosides,
it providesthebest current alternativefor estimating theparameter for other hydrophilic
antibioticswhen clinical studiesin obese patients are lacking.

Equation 3: V0 gpes = V0 non-onese) X Adjusted Body Weight
Adjusted Body Weight = IBW + [(*C) x (TBW - IBW)]

*C = correction factor (see explanation in text above and Table I11 below)

patientsl’

(story continued on page 11)

Table IlI: Literature-Based Antibacterial Dosing Recommendations for Obese Patients

Antibacterial Agent Adult, non-obese, Recommendation(s)

& Reference Primary Considerations normal renal function (for explanation see text and
(*drug manufacturer) vd (L/kg) | t,, (h) references cited)
Aminoglycosides

Amikacin®® - Aminoglycosides are primarily distributed into extracellular 0.26 2 ;Algc\llalw(ijt%?ojqe(c)gfnbfxﬁf c:)n 4Vd using

Gentamicints [ fluids (ECF). 0.25 154 - - '

- Higher CL, but greater Vd cancels out effect; alteration in (AF?rY;I/ C;Es\{a\;oagjlgngeritz\gc))u b baced o

Tobramycinitis  [dosage interval not necessary. 0.26 163 [serum concentrations.

B-Lactams/ Penicillins
- - Distributed in adipose tissue to some extent, but serum )
20 1 - - -
Ampicillin concentration not reported. 0.27-0.29 1-19 No dose adjustment recommended.
- No information on obesity dosing available.
Ampicillin- ) ] A:0.27-0.29 A: 1-1.9 |Basedose on Vd using ABW with correction
Sulbactam* No data availeble. S 0.34 S:1-1.3 |fector for H,0 composition of adipose tissue
(ABW=IBW + 0.3 [TBW-IBW]).2
- Significant increase in Vd (almost double that of non-obese
Nafcilli®  |parameter). 0.57-155 051 [ norease nam obese dose of 2G 1V q 4h 0 3G
- CL unaffected. q
Penicillin G* |- Drug absorption and serum levels not altered by obesity. 0.47 0.3-0.8 |- No dose adjustment recommended.
Pineracillin- - Not evaluated in obese patients; multi-center trials studied
Tagob actam® patients with mean TBW of 73.3 kg. 0.14-0.23 0.9 - Base dose on diagnosis and CLcr.
- CL and Vd not affected by chagesin TBW.
Ticarcillin- ] T:0.15 T:1
Clavulanate* - No data available. C 029 c 115 | Base dose on Clcr.
B-Lactams/ Cephalosporins
- In surgical prophylaxis, lower mean serum and adipose tissue - Use 2G for surgical prophylaxis.
-, concentrations in obese patients. g g - Pories et . suggest 1G 1V, 2h before
Cefazolin - Higher prophylactic doses needed to achieve serum and tissue 013-0.22 1525 surgery and at induction of anesthesia,
concentrations similar to those in non-obese patients. followed by 500mg 1V q 6h x 8 doses.
- No information on obesity dosing available.
. - Hydrophilic drug. g Base dose on Vd using ABW with correction
Cefepime - No data available. 0.2:029 2 factor for H,0 composition of adipose tissue
(ABW=IBW + 0.3 [TBW-IBW]).2
- ) - Base dose on Vd using ABW with correction
. - Hydrophilic drug, Vd and CL increased 50% and 25%, o - .
5 - -
Cefotaxime® respectively in patients ranging from 190% to 210% of IBW. 0.46-0.53 0814 Ig%f:i%lc@%cgmsp[c%sé{xﬂgﬁ;eosetlswe
- Clinical efficacy for prophylaxis in cesarean section patients )
26 - - -
Cefotetan* weighing 106-305 pounds was 93%. 0.11-0.2 3-4.6 No dose adjustment recommended.
Ceftazidime* - No data available. 02894 16-2 |- Basedoseon CLcr.
- No information on obesity dosing available.
. . Base dose on Vd using ABW with correction
Ceftriaxone* - No data available. 0.08-0.19 5.8-8.7 factor for H,0 composition of adipose fissue
(ABW=IBW + 0.3 [TBW-IBW]).2
Cefuroxime* - No data available. 0.17-0.31 1.1-19 |- Basedoseon CLcr.
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“Weighing In” on Antibiotic Dosing in Obese Patients (continued) 1
Literatureon obedty dosng Inadditionto Vd, dterationsintotal body clearance (CL) should dso beconsidered
isavailablefor only 18 of the | in determining a maintenance dose and dosing interva necessary to achieve desired
antibioticsontheUW Med- | steady-state concentrationsin obese patients. The Cockeroft and Gault equation?s (see
icdneDrug Formulary. Table 11 on next page), is most commonly used in clinica practice to estimate drug
_ . . clearance, but theaccuracy of thismethodislimitedtonormal-weight patients. Although
Thereisdebateinthelitera- | obesity generally is associated with an increase in creatinine clearance (CLcr), the
tureregardingwhether ther | g gina Cockcroft and Gault equati ontendsto overestimatethe parameter, 16 prompting
in CLor inobesepatientsis | sayeral modificationsto theorigina (see Tablell).1517 Even with these modifications,
duetoan 1 inthenumber of | hoyever, the Cockeroft and Gault equations are not thought to provide an accurate
nephrons The Salazar - enough estimatefor CL cr in obese patients.1” Rather, the Sal azar-Corcoran equations!8
(E:oroor_an eji’gt'ms (r?ee ¢ | (seeEquations4and 5) have been shown toresuitin more accurate predictionsof CLcr

quations 4-5) arethought for obesepatients. Whileother non-renal changesin CL occur inobesity, dataregarding

to providethebest esimate S : A
of CLar in obese patients?8 the implicationsfor drug dosing are limited.

(story continued on page 12)

Table lII: Literature-Based Antibacterial Dosing Recommendations for Obese Patients (continued)

Antibacterial Agent Adult, non-obese, Recommendation(s)
& Reference Primary Considerations normal renal function (for explanation see text and
(*drug manufacturer) Vd (L/kg) I t,, (h) references cited)
B-Lactams/ Carbapenems
- AUC was significantly decreased in obese and morbidly obese
27,28 - Sa"da‘
Ertapenen patients; however, no dosing adjustment was recommended. 011 4 Use d dose of 1G/dgy.
- Increased CL, Vd, and T,
Meropenem?® - Percentage of time the dose was above the MIC during an 8h 0.33-0.43 1 - No dose adjustment recommended.
dosing interval was not significantly different.
Imipenem-Cilastatin* |- No data available. 0.14-0.33 1 - Base dose on CLcr.
Fluor oquinolones
- Less distributed to adipose tissue, Vd increased by 23%, 3-6 - Dose should be based on Vd using ABW
Ciprofloxacin®® lincreased CL, and lower C__; however, concentrations still 12-27 (Extended- |with correction factor of 0.45 (ABW = IBW +
within recommended therapeutic range. release; 6-7)|0.45[ TBW-I1BW]).
. - - ) - . . - No information on obesity dosing available.
* _ -
Levofloxacin Drug is lipophilic, and widely distributed into body tissues. 1.25 6-8 - Base dose on ClLar.
Moxifloxacin* - No data available. 1.7-2.7 14.8 |- Use standard dose of 400mg IV/PO daily.
Macrolides
Azithromycin* - No data available. 23-31 11-68 |- No information on obesity dosing available.
Erythromycin® |- Peak concentrations similar in obese and non-obese adults. 0.57 1-15 |- Base dose on IBW.

Miscellaneous

- Pharmacokinetics not significantly different in obese and

Acyclovir® non-obese groups. 0.8 2.2-20 |- Base dose on IBW.
- Half-life depends on renal function.
- - Drug is lipophilic. - Use traditional dosing of 0.5-1.5mg/kg based
33
Amphotericin B - Zucker rats with hyperlipoproteinemiacl Vd, | CL, 1 rend toxicity. 4 360 on TBW.
= ) - . } . - Use dose at upper end of range for treating

Aztreonanm Drug is lipophilic. 0.1-02 153 serious infections in morbidly obese adults.
Clindamycin* - No data available. 0.6-1.2 1.5-5 |- No information on obesity dosing available.
Dalfopristin- - Tgrmlnal phase Vd was similar between obese and non-obese D 0.24 - Use traditional g 8h or q 12h dosing of
Quinupristin* SUb.JeC.tS' . . . Q045 1315 7.5mg/kg based on TBW

- Digtributes more into lean body mass than into fat tissue. (dose-dependent) ' '

- Increased Vd and CL in obese vs. non-obese subjects.

- Large molecular mass with high polarity, low lipid solubility,
Daptomycin® and high plasma protein binding. 0.12 7-11 |- Base dose on TBW.
- Exposure increased by 25-30% when dose based on TBW, but
still safe and tolerated in subjects ranging from 56-147kg.
Doxycycline* - Drug is lipophilic. 0.75 15-24 |- No information on obesity dosing available.

- A higher doseis recommended (eg., 1200mg/day

Fluconazol e Hydrophilic agent, eliminated by kidney. 0.56-0.82 30 for candida fungaemiaiin necrotizing fasdiis).
Linezolid®” - Prolonged inhibitory activity observed despite | serum concentrations. 0.57-0.86 5 - Use standard dose of 600mg 1VV/PO q 12h.
Metronidazole* |- No data available. 0.25-0.85 6-14 - No information on obesity dosing available.
Sulfamethoxazole- ) S: 0.360 S: 8-11 ’ " : : )
Trimethoprirm* - No data available. T T 617 | No information on obesity dosing available.
Tigecydline* - Study subjects weighed 39-200kg. 7.9 a2 - Use traditional dose of 100mg IV followed

by 50mg IV g 12h.

- Base dose on TBW, giving 20-30mg/kg/day.
Vancomycin®% |- Increased Vd and CL in obese patients correlates better with TBW. 0.7 7-9 - If necessary, shorten administration interval
to maintain serum trough >5mg/L.
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Thereisevidencethat
cytochrome P450 activity
may bealtered in obesty
and blood flow to theliver
isgenerally increased.

Theonly antibiotic class
to have outcomes corre-
lated with serum concen-
trationsin obese patients
istheaminoglycosides.13
Without clinical studiesin
obese patients, recommen-
dationsfor other drugs
arelargely theoretical.

Note: The editor gratefully ac-
knowledgestheassistance of Larry
Bauer, Pharm.D., Doug Black,
Pharm.D., and David T. Bearden,
Pharm.D.,inreviewingthisarticle.
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“Weighing In” on Antibiotic Dosing in Obese Patients (continued)

Table Il: Cockcroft and Gault Estimations of Creatinine Clearance®®

Method Equation
Original (140-Age) x TBW / (SCr x 72)
Modified (140-Age) x IBW / (SCr x 72)

Modified with correction factor

Equation 4: CLCr e = (137 - age) X [(0.285 x TBW) + (12.1 x Ht?)] / (51 x Scr)
Equation 5 CLCT feamgies = (146 - age) X [(0.287 x TBW) + (9.74 x Ht2)] / (60 x Scr)

EstimatingtheVVdand CL inan obesepatient allowsfor easy calculation of adrug’s
haf-life(t,,,; see Equation 6),8 thetimeto reach steady state conditions (3-5 half-lives)
andthetimefor all of theadministered drug to beeiminated (5 half-lives). Caculating
an appropriate antibiotic regimen to achieve optima drug concentrations, however,
requires the use of amore complicated set of equations. Literature-based recommen-
dationsfor commonly usedintravenousantibioticshavebeen compiledin Tablel 1 (see
pages 10-11). Contact a clinica pharmacist for advice regarding individuaizing the
dosing regimen of other antiinfectives.

Equation 6: t,,= (0.693xVd)/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 alowances for the physiologica changes associated
with obesity in order to obtain desired serum concentrations and achieve positiveclinical
and microbiological outcomes. Whileaclinica pharmacist can assstinthe selection of a
rational dosing regimen based on sound pharmacokinetic principles, the fine-tuning of
dosageregimensmust continueto bebased onclinica andlaboratory evidenceof response.

(140-Age) x [IBW + 0.4 x (TBW-IBW)] / (SCr x 72)
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