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Clarithromycin-Warfarin - Interaction Resulting in an

Flevated INR

Murray Byers

INTRODUCTION

arfarin, a vitamin K antagonist, is commonly

used to treat thrombosis." Drug interactions

involving warfarin have the potential to be
serious. Once a desired therapeutic response is achieved,
it is important to maintain that efficacy. The addition or
deletion of certain medications from an individual’s drug
profile can have a pronounced effect on the anticoagu-
lant effect of warfarin. The following case illustrates the
effect of initiating clarithromycin in an individual recently
started on warfarin.

CASE
68 year-old male with a history of COPD, diabetes
mellitus (Type 1D, and gout was admitted to hospi-
tal with complaints of chest pain, shortness of breath,

and a feeling of “chest tightness”. He also complained of

lower right quadrant pain that radiated to the right leg.
The admitting diagnosis included pneumonia, exacer-
bation of COPD, and possible DVT. The patient weighed
90.4 kg and was 172 ¢m in height. He had a stated al-

lergy to penicillin. Upon admission a venosonogram of

his right leg and a chest x-ray were performed.

The venosonogram showed an extensive DVT within his
right popliteal vein. The chest x-ray noted infiltrates/pul-
monary edema in the left midlung zone of the chest. While
pneumonia was suspected, pulmonary embolism second-
ary to the DVT could not be ruled out. Heparin IV and
ceftriaxone 1 g [V every 24 hours was initiated. Lab values
reported on admission were as follows: WBC - 10.4 x 10,
segmented neutrophils - 78%, Bands - 0%, INR - 1.0,
aPTT-22.9 sec., creatinine - 230 umol/i, ullwlated cre-
atinine clearance (CrCl) - 27-29 ml/min.(Cockroft-Gault
Equation), urea - 13.6 mmol/l, electrolytes - WNL. Medi-
cations on admission included metformin 500 mg BID,
levothyroxine 0.2 mg QD, omperazole 20 mg BID,
enalapril 2.5 mg BID, potassium chloride 8 mEq BID,
hydrochl owthlaude 50 mg QD, furosemide 80 mg QD,
and allopurinol 200 mg QD.

Heparin was dosed intuitively to reach a therapeu-
tic aPTT of 2 times the control which was achieved by
day 2. Warfarin therapy was instituted on day 3 with

a starting dose of 10 mg. Heparin was stopped on day
8 and warlarin continued at a dose of 5 mg per daily.
Measured INR at this point was 2.5. On day 9,
ceftriaxone was discontinued. Warfarin dosing con-
tinued at 4 - 5 mg per day resulting in an INR range
0f2.3-2.7(Days 10 - 13). On day 13, clarithromycin
500 mg twice daily was started for suspected worsen-
ing of chest infection/pneumonia. On day 14, celtriaxone
1 gevery 36 hours was added to the drug regimen. The
INR on day 14 was 3.6 thus no warfarin was given. Days
15 and 16 saw the INR increase dramatically to 7.1 and
9.3, respectively, in spite of the withholding of warfarin.

The INR slowly deue&%d until on day 20 m INR was
measured 1o bc 2.4. At this point, \vm[mm 2 mg was
reintroduced. Clarithromycin was subsequently stopped
onday 21 while celtriaxone was stopped on day 23. From
day 21 to day 27 (date of discharge) the patient received
warfarin 3 mg daily with INRs measured ranging from
2.0-2.4. Onday 27, the patient was discharged on war-
farin 3 mg daily. The only other changes made to this
patient’s drug regimen was the deletion of omperazole
and hydrochlorothiazide (day 4 and 14, respectively) and
the addition of nitroglycerin patch 0.4 mg/h and cisapride
(day 2 and day 25, respectively). Due to the timing of
these changes they did not have any bearing on the out-
come of this case. Table I illustrates pertinent medica-
tion dosing and laboratory patterns of the patient over
the 27 days of hospitalization.

DISCUSSION
\ \ 7arfarin has the propensity to interact with a

number of different medications via a number of
different mechanisms. Inhibition of vitamin K co-fac-
tors, lack of dietary vitamin K, disease states, enzyme
induction, and protein binding can effect the pharma-
codynamics ol warlarin.  Medications, such as some
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cephalosporin antibiotics, can inherently exhibit an an-
ticoagulant effect thus exaggerating the anticoagulant ef-
fect of warfarin. Two mechanisms have been proposed
to cause this effect. A vitamin K dependant mechanism
and suppression of platelet activity are thought to be the
2 ways in which cephalosporins (and beta lactams) cause
hypoprothrombinemia.?**¢ A N-methyltetrathiozole
(mMTT) ring attached at position 3 of the cephem nu-
cleus is thought to account for an increase in INR through
inhibition of vitamin K dependant co-factors responsi-
ble for hemostasis.?? Ceftriaxone contains an
aminothiozole side chain at position 3 rather than the
nMTT side chain. Tt is postulated that these 2 side
chains have similar effects on INR.” Common physio—
logic parameters seen in patients at risk for
hypoprothrombinemia from cephalosporins include
malnourishment, decreased gastrointestinal function,
liver and /or renal insufficiency.”® However, as the data
illustrate, there was no apparent effect on the INR by
ceftriaxone when used as a single agent during the first
course of therapy (Table ).

During the second course of antibiotic therapy,
clarithromycin and ceftriaxone were prescribed. Shortly

Tablel. Pertinent Drug Administration and Laboratory Results
of Patient During Hospitalization.

Bay ot ; :!NR? WarIarm ‘ Clamhramycm 560 mg BlD 'Geﬂrlaxone 1g q 24!1
Hasmtallzahun | |Dosage (Mg), : 1800 -
1 1 0 X

2 0 X

3 1010 X

4 10 X

5 111 10 X

6 131 10 X

7 1817 X

8 2515 X

9 3013 X

10 271 4

11 2415

12 2315

13 2715 X X q36h
14 3610 X X x(1000)
15 7110 X X x(2200)
16 9310 X X

17 5910 X X x(1000)
18 5110 X X x(2200)
19 3710 X X

20 2412 X X x(1000)
21 203 %(2200)
22 2113

23 2213 x(1000)
24 2313

25 3

26 241 3

27 Discharged Home
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after the initiation of clarithromycin, the INR began to
increase dramatically (Table 1). Macrolides (especially
erythromycin) are known to decrease warfarin clearance
by inhibiting cytochrome P-450."%%1° Cytochrome P-450
is a general term used to describe a family of isozymes
(mixed-function monooxygenases) that are responsible
for the phase I (oxidative) metabolism of a wide number
of compounds.>'*"" Warfarin (a mixture of 2 isomer, R
and S) is specifically metabolized by isozymes of the
CYP3, CYPI1, CYP2 families.”"® Erythromycin inhibits a
number of isozymes including CYP3 and CYP1. Struc-
turally different from erythromycin, clarithromycin is a
hydrophobic macrolide and contains a non-hindered
N- dimethyl amino group. These structural changes make
clarithromycin's impact on cytochrome P- 450 less pro-
nounced.**1 However, clarithromycin is known to in-
hibit the isozyme family CYP3 (Specifically
CYP3A4).>0! > The CYP3 famil y of isozymes are most
abundant in the liver and medications metabolized by
this family of isozymes are especially subject to adverse
interactions when co-administered.'”

Clarithromycin is extensively metabolized in the liver
by cytochrome P-450. Seven metabolites have been
shown to be formed including 14-hydroxyclarithromycin
which exhibits antibacterial activity. Clarithromycin ex-
hibits non-linear dose dependant pharmacokinetics. As
the dose increases, the serum concentration increases
disproportionately. This is seen alter multiple doses ®!
While clarithromycin is extensively metabolized in the
liver, studies have shown that clarithromycin’s and the
active metabolite’s (14-OH clarithromycin) half-life
increases as renal function declines.®!!* When
clarithromycin was evaluated in patients with creatinine

clearances <30 ml/min; C__, AUC, and t,,, were all in-
creased compared to a gjloup who had umumm clear-
ances of >80 ml/min.® This patient’s creatinine clearance
as noted was <30 ml/min. Due to his compromised re-
nal function , one would expect clarithromycin to have
an extended t,, increased AUC, and elevated C_thus
potentiating us effect on the cytochrome P-450 enzyme
system.

Warfarin is highly protein bound (approximately
979%)." Medications that are highly protein bound can
displace warfarin from its protein binding; the clinical
significance of these types of drug interactions is unsub-
stantiated. Celtriaxone is 58 - 96% protein bound de-
peunding upon dose.” Clarithromycin has been reported
to have protein binding in a range between 42 - 72% at
usual therapeutic concentrations.'* In addition, protein
binding of clarithromycin and the 14-OH metabolite tend
to decrease with increasing serum drug concentrations.™
Due to the extended interval of ceftriaxone (every 36
hours vs 24 hours) and the probable increased drug se-
rum concentrations of clarithromycin, one could expect
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that the protein binding of these 2 drugs woulid be at the
lower end of their respective ranges. The role that this
particular mechanism may have played in contributing
to the increased INR is undetermined.

Other reasons need to be explored before implicating
a drug/drug interaction as the cause of the elevated INR.
Sepsis has the potential to decrease liver metabolism thus
increasing the effects of warfarin.'® While this patient
was queried as having pneumonia, he never exhibited
classical signs or symptoms. Temperature remained
within normal limits and WBC count decreased after the
admitting blood work. The patient continued to com-
plain of chest discomfort and a repeat chest x-ray on day
12 showed no change from admission. Due to the pa-
tients history of COPD, antibiotic therapy was re-insti-
tuted. The chest discomfort was felt to be most likely
attributed to the COPD or possibly pulmonary embo-
lus. Decreased dietary intake of Vitamin K can also at-
tribute to an exaggerated anticoagulant eftect from war-
farin."!"* While in hospital, the patient received a 1400
calorie/day(no added salt) diet which was similar to what
he had been used to. Since sepsis was not a factor and

the patients diet remained somewhat stable, neither of

these components probably played a role in the elevated
INR that was seen.

In conclusion, the monograph for clarithromycin
makes reference to a warfarin drug interaction as being
not reported in clinical trials but being observed with
macrolides.! It documents a caution when using warfa-
rin and macrolides together but does not specifically
implicate clarithromycin. In the presence of renal
dysfunction, a resultant increase in clarithromycin se-
rum drug concentration can result in a heightened in-
hibitory effect on the cytochrome P-450 enzyme system.
Also given that clarithromycin inhibits the same family
of isozymes (CYP3) that is responsible, in part, for the
metabolism of warfarin, it is plausible that clarithromycin
could increase the anticoagulant effect of warfarin.
Whether or not the active metabolite of clarithromycin

plays any role in this interaction is not clear. The role of

ceftriaxone in this interaction should not be discounted
as it may have contributed to the increased INR. How-
ever, it did not have an effect on the INR when used
singularly, thus, it is difficult to implicate it in this case.
Due to the renal dysfunction exhibited in this patient
and the non-linear pharmacokinetics of clarithromycin,
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a lower dose may have avoided such a significant re-
action by avoiding excessive serum drug concentra-
tions. Caution should be used when administering
clarithromycin and warfarin to individuals who ex-
hibit compromised renal function, and additional
INR determinations should be carried out when add-
ing this or any other drug to the regimen of a patient
on warfarin. =
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