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Oral anticoagulant therapy

FlisTORY OF DEVELOPMENT AND PRESENT USE OF COUMARIN
ANTICOAGULANTS

The history of the discovery and development of coumecrin cnticoagulemts
started in the 1920s in North Dakota, USA and Alberta, Canada, when cattle fed
moeldy sweet clover were struck by a new type of serious, hemorthagic disecse.
In 1939, Campbell ond Link identified the hemorrhagic agent as dicourmncrol
and in 1941 it was studied as on anticoagulant agent in patients of the Mayo
Clinic: its use reduced pestoperctive thrombosis, However, partly due to fear of
unacceptale toxicity, it was not until the 1950s that coumcrin derivatives were
introduced intc medicine (1). The use of coumaring was stimulcied by president
Eisenhower's treciment with wariarin ofter a myocordicl inforction. At present,
oral anticoagulation with courncrin derivatives is om established therapy for o
voriety of indications (2-8), Well-designed clinical trials have shown thed oral
anticoagulamt therapy is clinicclly effective in the primary and secondary pre-
vention of venous thrombcermbolism, in the prevention of systeric artericd embo-
lism in potients with afrial filbrilletion or tissue- and mechanical prosthetic heart
valves, and in the prevention of stioke, recurrent infarction and death ofter
acute myocordial infarction. Anticeagulants are clse recommended in patients
with rheumctic heort disease or dilated cardiomyopathy, although for these indi-
cations their efficacy has never been demonsirated in remdermized trials.

For the acutie treatment of thromboermbolic disease and for the prevention of
postoperative thromboesis, heparin or its derlvatives are aiso used since this drug
has cm immediate anticoagulomt effect. It increcses the activity of antithrombin
and consecuently neutralizes several activated coagulation proteins. However,
long-term therapy with heporin is associcted with cstecporosis, In addition, dadly
injections are unpleasant for the patient. Therefore, after the acute phase, ther-
apy with heporin is usually repiaced by therapy with coumceins. Other drugs
used for prevention or treatment of various thromiboembolic disorders cre drugs
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which inhibit platelet aggregaotion cand thrombolytics which promote the dissolu-
tion of throembi by stimulating the activation of endogenous plasminogen to plas-
min (9). Therapy with heparin, platelet inhibiting drugs cnd thrombolytic drugs
cre beyond the scope of this thesis emd will not be discussed further.

MECHANISM OF ACTION OF COUMARIN ANTICOAGULANTS

Coumarin anticoagulanis induce cnlicoagulation by antagonizing vitcmin K.
As a cofactor, vitamin K is required for the postiranslational corbexylation of
glutcrmate residues on the N-termingl regions of the viterin K-dependent coogu-
lation proteins (factor I, VI, IX and X, protein S emd protein C) into ycorboxy-
glutamate (Gla) residues. The process of y-corkboxylation allows the coaguliation
proteins o undergo a conformational change in the presence of calcium ions, o
necesscary requirement for binding to phospholipids on blood platelets and endo-
thelicd cells at the sife of injury. The corboxylation reaction is catalyzed by o
carboxylase that requires the reduced form of vitarmin X (vitaamin KH,). molecu-
lar oxygen and corbon dioxide. During this reaction, Gla residues cre formed
and vitemmin KH, s oxidized to vitamin K epoxide (vitamin KO). Vitomin KO is
recycled to vitamin K by o dithiol-dependent vitamin KO reductase ond vitcomin
K. in turn, is reduced to vitcrnin KH, by a dithiol-dependent vitamin K reduc-
tase. The vitamin K cycle is depicted in figure 1. Coumcrin anticoagulomts inhibit
vitamin KO reductase and vitemin K reductase, resulting in the accumulation
of vitamin KO in the liver cnd plasma and the depletion of vitamin KH,. The
decrease in vitomin KH, impairs the y-coarboxylation and thereby the biclogicad
cctivity of the vitornin K-dependent coagulction proteins (10).

Gl Gia

€O, O, H,0
MAD(P)H + H" Nap(p)* \ /
K \ /;~ KH 5 KO

v-giutamylcarboxylase

dithiol-S; dithiol-{SH)>

dithioi-(SH), dithiol-S,
K

Figure 1. The vitamin K cycle.



Cral anticoagulant therapy

Vitamin K con also be reduced to vitamin KH, by a NAD®)H-dependent vitor
min K recductase. This enzyme is insensitive to courncaring and is therefore of vital
importcmce in situations recuiring reduction of the effect of couwmnaring. Since
NADEH-dependent vitemin X reductase does not reduce vitamin KO, the vita-
min X cycle will not be completed cand vitcrmin K com only be used once. Hence,
lerge amounts of vitamin K are required to reduce amticocagulation (10).

The rate of disgppearcncee from the plosma of the vitconin K-dependent coag-
ulction proteins is determined by their half-lives which range from 5 hours for
facior VI 1o 96 hours for factor IT (11). In patients on long-term oral anticoagulomt
theropy at therapeutic levels of anticoagulation, foctor X is most strongly, cmd
factor IX is least strongly reduced (12-15). However, there cre no reports which
focus on the levels of these facteors in overamticoaguicted potients.

PHARMACOKINETICS OF COUMARIN ANTICOAGULANTS

Since the discovery of dicoumarcl, several hundred derivatives of coumcrin or
the related compound indemdione have been synthesized. Today, manly the
4-nydroxycournarin cmticoagulomts cre in use. Because the foxicity of indomdi-
cone derivatives is greater than that of the coumernin derivatives, their use is no
longer recormmended (). Of the 4-hydroxycoumcrin onticoagnlonts, warfarin
is commeoenly prescribed in the Anglo-Scoxon and Scemdinavicm countries. Acenc-
courncrol and phenprecoumon are manly used in Western continental Europe.
The structural formules of werforin, acenocoumearol and rhenprocournon ore
shown in figcnre 2. Whereds the mechanism of dction of these three drugs is simi-
lar, their phormeocokinetics differ. Absorplion from the gastrointesting] tract is
rapid and compiste. Plasmag protein binding, primarily te albumin, is 98% for
acenocourncrol cnd more thon 99% for waoricrin cnd phenprocoumon (16). All
three drugs are metabolized in the liver by the cytochrome P450 system, espe-
cially cytochrome P450 2C9, and the metakclites are predomincemtly excreted
via the kidneys. The relative contribution of cytochrome P450 2C% to the metalbo-
lism differs between the three coumaring as o conseguence of the difference in
structure. This enzyme plays o more imporiant role in the oxidcation of warforin

f Acenocoumarol
Warfarin oumaro Phenprocoumon

Figure 2. Sftructural formuias of warfarin, acenocoumarst and phenprecoumen.
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cmd acenocoumcirol, than in the oxddation of phenprocoumen. Phenprecoumon

is also, for approximately one-third, eliminated as free or conjugcoted porent drug

{16-20). The elimination half-lives of the coumcrins vory widely ond thereby
the duration ond onset of effect. Acenocoumcorol is a short-acting enticoagulomt

with o half-life of 8 to 12 hours. Phenprocoumon has a hali-ife of 65 to 170 howrs

cmd so is o long-acting drug ond weorfarin has cn intermediate duration of effect
and o halflife of 10 to 45 hours (9, 16). Studies have shown that the use of
phenprocoumon or wartarin gives a more stable anticoogulation than the use of
acenocoumarol (21-23). This may ke explained by the wide fluctuations in the

plasma levels of factor VI induced by acenocoumcrol because of its short half-
life (24, 25). However, it is not known whether the advantage of the long-acting
coumaring also cpplies to the initioton phase of therapy.

Patients may require different doses of courncrins to recach the scane level of
cnticoagulation. The daily maintenance dose of acenocourncrol ranges from 1
to 8 mg, of phenprocourmon from 0.75 o é mg and of wariczin from 2 to 10 mg
(9). Besides an inferindividual veriation in dose, the recuired dese may also vary
over iime in an individual patient. Since underanticoagulation is ineffective and
cvercmtbicoagulation may lecd to hemaorrhage, anticoagulant therapy needs o
be monitored cmd adjusted to steer sadfely between the Scylla of thrombosis and
the Charybdis of bleeding (26).

MONITORING OF ANTICOAGULANT THERAPY

The laboratory test used most offen to monitor the intensity of anticoagulant
frectment is the one-stage prothrombin fime test, introduced by Quick in 1935,
This test is sensitive 1o the reduction of factor II, VII cnd X. It measures the clot-
ting time of citrated plasma after the addition of thrombopiastn, o tissue extract
which contcins both the tissue factor cmd the phospholipid necessary to promote
the activation of factor X by facter VI Since the momy thromboplasting in cur-
rent use cre memuiactured by different methods, they vory in sensitivity to the
reduction of vitcrmin ¥ dependent coagulation proteins. As a result, « similar pro-
thrombin time may reflect very different anticocgulomt intensities when different
thromboplasting are used. In cn attempt to stemdordize the reporting of gprothrom-
bin time in oral cnticoagulant control, the mterncational Normalized Ratic (INR)
system was introduced in 1983. This system is based on the first primery WHO
international reference preporation of thromboplasting, against which every new
thromboplastin is calibrated. This way, every prothrombin ratic mecsured by
a calibrated thremboplastin cem be converted into cm INR, according to the for-
mula INR = observed prothrombin time rctio ¥, where I5] is the Internctional
Sensitivity Index, a measure of the responsiveness of the thromboplastin prepa-
ration to the reduction of vitamin K dependent coagulation proteins (27). The
optimal terget romge of oral anticeagulant therapy, as recommended by the
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Federation of Dutch Thrombosis Centers, lies between cn INR of 2.5 and 3.5, or
between 3.0 and 4.0 (28, 29), depending on the indication for treatment. The
necesscry duration of freatment remges from four weeks to lifelong.

Adequate monitoring of anticoagulant therapy requires experience and
specialization. To this purpose, anticoagulation clinics emerged as early s the
19505 in the Netherlemds and more recently in Italy, Conada ond the United
Sictes. The Netherlends have a network of 65 independently operating clinics
of which the creas of care cover over ?0% of the Duich population. A special-
ized systern of monitoring has been developed (30, 31), in which nurses who
cre trained in anticoagulont therapy control play d central role. At the start of
therapy, they instruct each patient about onticoagulont therapy. Among other
things, the partient is told o inform the clinic cbout changes in comedication,
intercurrent illnesses ond bleeding complications. At several ocutpatient {acilities,
or when necesscry ot the patient's home, they collect blood samples. After pro-
thrombin times cre assessed at the clinic, dosing of the coumarin is performed
by a tecon of specidlized physicians, often with the did of a computerized dosing
program. This program evaductes the stability of the INR and, when possible, pro-
poses a dosing schedule (e, in necrly 50% of the patients). In the other portients,
dosing is done by the physiciom according to o stomdard opercting procedure.
The dose is printed on a dosage list which the porfient receives by mail the next
dav. I necessary, the patient is telephoned the same day for dose adjustment
or vitcmnin ¥ prescription. The control peried depends on the stability of the cmt-
coagulant level and is six weeks at a maximum. Routine cudit of the quality of
orcl anticocgulent therapy, such as the percentage of patients within the torget
romge, is performed at monthly intervals.

OVERANTICOAGULATION

Despife monitoring of anticoagulant therapy, overcmticoagulation may occur.
The response to courncarins may be enhaneed by factors influencing the olosorp-
tion, distribution or elimination of the cnticocagulant or vitamin K, or afiecting
the synthesis, function or clearance of the vitcrin K-dependent coaguiction pro-
teins (32). Bused on case reporis cnd small-scale experiments, a considerable
number of drug interactions with cournarin onticoagulomts have been reported
cmd summcrized (32-35). Critical periods are when d palient stabilized on cn
anticoagulomi commences trectment with cn interacting drug or when a patient
stobilized on « regimen of cn interacting drug and on cnticoagrlont has the
interacting drug withdrawn. In addifion, a number of comorbid conditions,
among which hepatic dysfunction, hypermetabolic states and congestive heart
fodlure, have been postulated as interfering with oral cnticoagulemi therapy
(33, 36-38). Furthermore, increasing age ond female gender have been asscci-
cted with cm enhomead response o coumarins (39). Overcnticoagulation ofter
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o dietery modification reducing the intake of vitamin K has been described (40,
41). Large epidermiciogical studies on the incidence of and risk factors for overan-
ficoagulation in a non-selected population under everyday circumstances, how-
ever, aIre scorce.

In the absence of life-threctening hemorthagic complications, the usual way
to achieve a reduction in antcoagulant effect is to discontinue the drug for twe
or more days and, depending on the intensity of the INR, administer 1 to 10 my
of vitarmin K, orally. Anticoagulant therapy is resumed ot o lower dose and the
INR is measured cgain within a week (36). Detailed information on changes in
the INR in response to vitemin K, s not gvdilable as INR-values usucdly are not
measured daily. Since reversal of anticoagulation by vitamin K requires synthe-
sis of fully carboxviated coagulation proteins, 24 hours may be needed for o sig-
nificamt reduction of the INR. In case of ¢ serious hemorrhage, the patient shouid
be ransfused with prothrombin complex concentrate, supplemented with vita-
min K, in order o rapidly reverse the INR (36, 42).

ADVERSE EFFECTS OF COUMARIN ANTICOAGULANTS

Inherent lo the mode of action and noorow therapeutic index of coumarin onti-
cocguiants, hemorrhage is the most common adverse reaction and may cause
serious morbidity ond mortadity. Tt has been reported in virtually every body
cavity or orgon. the commeonest sites being the gastrointestinal tract, the urinary
tract, the soft tissues cnd the oropharynx. The bleeding rate is 7.6 to 16.5 per
100 patient-years of ireatment. Major or life-threctening hemorrhage occours ot
arate of 1.4 1o 3.6 per 100 patient-yvears. The duration of anticoagulent therapy
and the intensity of anticoagulation are critical determinants of the risk of cntico-
agrilemt-associated bleeding. The rmost important patient-specific rsk factors for
bleeding are comorbid illness (especiclly hecot-, kidney-, liver- and cerebrovas-
cular disease) and the use of drugs which interfere with hemosiasis, e.g. plate-
let aggregation inhibiting drugs such as the sclicylates (29, 43-45). In addition,
hepdtic injury is a serious, bul probably uncommon adverse effect. The first
report on coumarin-associated hepatic injury appeared in the Germaon literature
in 1963 (46). In the infervening period to date, several case reporis have been
published, mestly in relation tc use of phenproccurmon or woricrin and rarely
to acenocoumcrcl (47-52). Liver damage, mostly hepatocellulor dernage, maomi-
fested two to six months dfter the stert of therapy. This long interval might ke
cornpatibie with the accumulation of a toxic metabolite in the liver. Other rcre
hut sericus complications of coumcrins cre skin and soft tissue necrosis and the
purple toes’ syndrome (53, 54). Skin and soft tissue necrosts moy appedr from
day three to six after beginning treciment. It occus in approximately 0.1% of
potients, mostly women. The affected site often concerns faity creas such as
breasts, thighs cnd buttocks. Both heterozygous- and acguired funclional protein
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C and § deficiency as well as antithrombin 11 deficiency are risk factors for cou-
marin-induced skin necrosis (53). The ‘purple toes’ syndrome has been thought
te result from chelestercl embolization (54). Furthermoze, since vitcomin ¥ is also
invelved in bone metabolism, the use of coumcrin onticoagulents may affect
bones (65). A substcmiticl effect of courncmins on young, rapidly growing bone
has been proven (56, 57). In adults, the use of cournarin anticoagulonts is asso-
clated with on increased concenfration of undercarboxylated bone proteins
(58-61), but the effect on bone mineral density is controversial (62). Use of cou-
maring during pregnancy poses terctogenic cnd hemorrthagic risks for the fetus,
Werfarin embryopathy, a syndrome characterized by nasal hypoplasic or stip-
pled epiphyses, may result from meternal use of coumnaring during the first tri-
mester of pregnancy. Central nervous system abnormdlities have been reported
following exposure to coumering ot cny time during pregnomcy (63, 64). In
lczge cohort study among school-age children the long-term effecis of in utero
exposure to coumacring were examined. The risk for minor neurclogical dysfunc-
tion was increased and behaviourd! development was negatively influenced
(65, 66). Cognitive functioning cnd growth in the absence of wortarin embryopa-
thy, were not cifected (67, 68). A positive side effect of courmncrin onticoagulants
which has been postulated is the anti-turnor action. Cournarins appecar to reduce
the size of small-cell carcinoma of the lung cnd conseguently prolong survival
times (69, 70).

AIM AND OUTLINE OF THIS THESIS

Most of the sxtensive resecrch on oral cmiticoagnlomt therapy has focussed on
its pharmacological- emd biochemicad action, prothrombin fime calibration, opt-
mal therapeutic intensity and hemoerrhagic complications. However, while the
ricks of overcnticoagulation are clecr, its reatment cnd determinemts have
received litile attention. Therefore, the aim of this thesis was to study aspecis of
overcmticoagulation on courncrin cnticoagulomnts among outpatients of an cnti-
coagulation clinic. Overcnticoagulction was defined as an INR >6.0, since df this
INR-value the risk of hemorrhage shorply increases (28, 41). Chaopter 2 reldates
1o the treaiment of overcmticoagulation cnd describes the cowrse of the INR
in response 1o oral vitemin K, in cveranticoagulated potients. Chapter 3 con-
cerns the incidence of omd risk factors for overamticoagulaiion ond includes five
studies. Chapter 3.1 focusses on choracteristics of anticocgulont therapy cnd
comorbidity associcted with overanticoagulation, chopters 3.2 and 3.3 on drug
intercctions as o cause of overcnticoagulation, cnd chapters 3.4 end 3.5 on life-
style and dist as risk factors for overamticociguiation. The levels of the vitomin
K-dependent pro- omd canticoagulont proteins in overanticoagulated patients
are evalucted in chapter 4. In chapter 5, several measures of the quality of cral
cmticoagulant therapy, cmong which the cccurrence of overanticoogulcdion,
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ore compared between phenprocoumon cand acenocoumarol. Finally, in chap-
ter 6 the main findings coe presented, methodological issues cnd implications
for orad anticoagulont therapy are discussed. and recommendcttions for future
resedrch cre given.
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ABSTRACT

Course of the International Normalized
Ratio in response to oral vitamin K,

in patients overcmticoagulated with
phenprocoumon

Orad vitarnin K, Is used for the treatment of excessive anticoagu-
lotion. Detailed information on changes in the International Nor-
malized Rafio (INK) in response to vitamin K| is not available, We
therefore measured fthe INR on the first seven days following the
oral infake of 1 to 6 mg of vitamin K, in 24 patients routinely
tregted with phenprocoumon whoe had an INR >6.0 af presentation.
The first two days after adrninistration of vifamin K, the mean INR
decreased by 40% cnd 23%, respectively. After day 2, the day-to-
day proportional change in the mean INR depended on the dose
of vitamin K, and varied from a decrease of 12% to cm increase of
21%. On day 7, the mean INR was higher them on day 2 in three
out of five trectment groups. Between day 2 and day 7, in general,
32% of the patients had an INR within the therapeulic zone, 25%
had an INR 26.0 and 8% had an INR <2.0. These findings suggest
that cur routine freatment of overanticoagulation in patients on
phenprocoumon should bs intensified to Improve its efficacy.



CHAPTER 2

INTRODUCTION

Coumncrin onticoagulants have a ncorow thercpeutic index (1), The optimal
target range of oral anticoagulont therapy, s recommended by the Federa-
tion of Dutch Thrombosis Centers, lies between 2.5 and 3.5 Internctioncd Normed-
ized Ratio (INR) or between 3.0 and 4.0 INR (2, 3). depending on the ndication
for treatment. When the INR is >6.0, the risk of bieeding, the most common
adverse recction to courmnarin cnficoagulemis, sharply increases (3). Hence, such
an excess cnticoagulomi effect should be treated promptly ond adequately.

In the dbsence of life-threctening hemorrhagic complications, the usua way
to achieve a reduction in cnfcoagulant effect is to discontinue the drug for twe
or more days and, depending on the intensity of the INR, administer 1 to 10 mg
of vitamin X, orally (4). Detailed information on changes in the INR in response
to vitamin K, is not avalable since INR-vadues are usually not mecasured dadly,
but only dciter a week. The literature provides Hmited informedion: two studies
have been performed on the response of the INR to oral vitamin K, (5, 6). In one
(5), the INR was measured twice: one or two days cfier administration of vitcanin
K, and four to seven days after warfarin therapy was resumed. In the other study
(6) the INR was determined offer one, two and nine days. These studies both
focussed on efficacy and expressed the results in the number of patients with cn
INR below or above 5.0. No data were given on changes in INR over Hime, Hen-
rell and Xline (7) reported on five patients in whom oral vifomin K, was used to
treat overanticoagulation. After one or two days the INR had decrecsed by 58%
o 8§9%.

To obtain detailed insight into the cowrse of the INR coffer oral administration
of vitamin K, and to test the efficacy of our routine treatment of overanticoagula-
Hon, we determined the INR on the next seven days in patients on phenprocou-
mon who had an INR >6.0 at presentation.

Meruobs

Patients treated with phenprocoumon (Marcoumar®) by the regional Red Cross
cnticcagulation clinic The Hague who were prescribed oral vitconin K, becouse
of an INR 26.0 between June 9. 1997 and June 27, 1997, were asked to poz-
ticipate In this prospective study. Patlents treated with vitconin K, beccuse of a
subsecruent medical intervention or whose prothromibin ime had to be checked
within seven days were excluded.

On day 0 patients suspended phenprocoumon therapy and took cn orcd dose
of vitomnin K, (Kenakion® Cremephor EL based drop solution 20 mg/m1). This dose
was determined by the INR and the torget range of emticoogulation, gccording
to om algorithm employed at the anticoagulation clinic (table 1. Because of indi-
vidual factors, the algorithm could be deviated from. The recuiired number of
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drops were taken with about half a cup of waier. The dav of which the potient
restarted phenprocoumeon, as well as the adjustment of the doscage, dependead
on the patient's individual circumstonces: standord practice was to restert phen-
procoumon on day 2 and to lower the dosage by about 15%. On the next seven
days after toking vitamin K|, day 1 to day 7, venous blood samples were col-
lecled in 3.2% sodium citrate Voculciner tubes.

The patients were visited ot home between 8.00 om. end 12.30 am. Within
five hours after collection the blood samples were centrifuged ot 3000 rpm for
10 minutes and plasma was frozen at -20°C. Prothrombin times were measured
after the one-week follow-up in order not to affect trectment.

All measurements were done at the scme time on on cutomatic coagulation
cnalyser Electra 16000). The thromboplastin used was a humeom recombinant
tissue factor (Crtho® RecombiPlasTiny with an Infernational Sensitivity Index of
1.05 (bertch RTE-159).To confirm the assumption of no effect of freezing on the pro-
thrombin time measurement, two blood scomples were token on day 7. Of one
of these samples plasma was frozen and the prothrombin time was measured
afterwards. Of the other sarmple the prothrombin time was measured directly.
The mean difference in the INR-value between both samples was -0.1 (95%CI
-0.5-0.3), indicating thet freezing did not affect prothrembin time mecsurement.

To control for other facters that may affect the INR patients were asked about
their healdth and changes in co-medication and alcohel intake during the study
period. Besides, the intake of vitamin K, and phenprocoumon were verified with
this questionncdre.,

The course of the INR is described in terms of the preporticnal change in the
mecn INR between two conseculive days. Baseline INR and dose of vitcrmin
K, cre highly correlated: more vitomin K, is prescribed when the INR is higher
(table 1), Therefore, we dlso ancdysed potients separately according to the dose
of vitomin K, (1, 2, 3, 4 or 5 mg). starting from the patients being complicmt. To
test the efficacy of the routine treatment of overcmticoagulation, the frequency
of INRs >6.0, INRs within the thercpeutic zone (2.0 - 3.5 INR or 2.5 - 4.0 INR) and
INRs <2.0 was caloulated.

Table 1. Algorithm for the administration of vitamin K, in patients on phenprocoumon.

Target range of anficoaguiation

INR 25-3.5INR 3.0-40INR
60- 79 optional optional
80- 89 2mg 1 mg
Q0-11.¢ amg 2mg
12.0-149 5mg 4mg
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CHAPTER 2

REsurrs

The number of patients frected with vitamin X, emd fuifilling the inclusion criteria
in the three-wesk study period was 41. Of the 34 pafients we were able to con-
tact, 24 (71%) were willing to porticipate, 10 men and 14 wormen. One patient
was lost to follow-up ofter day 2. The mean age of the palients was 70 yecars
(range, 42 to 87 years). They had been using phenprecoumon for 3 days to
19 yeors, with o medicm durction of use of 2 yeors and 4 months. Indications
for anticcagulant therapy were: cardiac disease (13 palients), cerebrovascular
thromboeemlbolism (4 patients), peripheral artericd disease (3 paiients), venous
embolism (2 poiients) ond prophylactic vencous trectment (2 patients). The INR
at presentotdion ranged from 7.3 to 14.2, with a mean of 9.3. The meon dese of
vitarnin K| prescribed was 2.7 mg (range, 1 to 5 mg). In 17 out of 24 patients
the dose of vitamin K, was according to the cigorithm seven patients were pre-
scribed o higher dose.

Figure 1 shows the course of the INR (meom + SE) dwring the first week fol-
lowing administretion of vitamin K| for all patients combined. The first two days
cfter administration of vitamin X, the INR decreased. On day 0, the mecm INR
was 9.340.3, On day 1 and day 2, the mean values were 5.640.5 cnd 4.3+0.4,
respectively. The proportional decrease in the mean INR was 40% on day 1 and
23% on day Z. After day 2, the mecn INR did not decrease further, but slightly

International Normalized Ratio

0 1 2 3 4 5 & 7

days after administration of vitamin K1

Figure 1. Course of the INR (mean + SE) during the first week after administration of vitamin
K, in pafienfs overanticoagulated with phenprecoumon. The grey area indicates
the therapeutic zone,

20



fNR in response to vitamin K|

increased instead. The day-to-day propertional increcse ranged from 2% to 8%.
On day 7, the mean INR was 5.5+0.8, 28% higher than the mean value on day
2. Remarkably, the meom INR did not reach the therapeutic zone at any of the
seven days. The pattern of o decrease in the INR during the first two deays follow-
ing the intake of vitcrnin K, was observed for all doses of vitarmin K, (figure 2,
upper panel) cnd for each of the poadients figure 2, bottom pansl). The extent
of the response to oral vitamin K, varied greatly between patients: the range in
INRs on day 0 was much smciler compared to the romge on doy 1 and day 2.
In a few paiients, the INR did not decrease immediately but only after one day.
The course of the INR after day 2 was not consistent. The dory-to-day proportional
chemge in the mean INR depended on the dose of vilamin K, and voried from a
decreuse of 12% to an increase of 21%. On day 7, the meon INR was lower than
on day 2 in the 1 mg and the 5 mg group cnd was higher than on day 2 in the
2, 3 and 4 mg group.
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Figure 2. Course of the INR during the first week after administration of 1. 2 and 3 mg of
vitamin K, in patients overanticoagulated with phenprocoumnon {six. six and five
patients respeciively). The upper panel shows the mean INR + SE. The bottom
panel shows the course of the INR for the individual patients. The grey area inci-
cates the therapeutic zone.
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In addition to determining the effect of vitarmin X, administration on the time-
course of the INR, we alse locked ot its effectiveness in reducing the excess cniti-
coaguicnt effect to lower and saofer levels, preferally in the therapeutic zone. Of
24 patients with an INR 6.0 on day 0 who recetved 1 to 5 myg of vitamin K|, eight
(33%) still had an INR >6.0 on day 1, five (21%) on day 2, 3 and 4, seven (29%) on
dav 5 and day 6 and six (25%) on day 7. It concerned 12 individual potients, five
of whom had cn INR >6.0 on at least five days. All patients had token less than
5 mg of vitcomin K. The number of patients with cn INR within the therapeutic
zone was five (21%) on day 1, eight (33%) on day 2 and day 6, seven (29%) on
day 3, day 4 cand day 7, and nine (38%) on day 5. Twelve different patients were
involved. In three of them the INR was in the therapeutic zone for only one or two
days. An INR <2.0 occurred in two patients (8%) on day 2, 3 and 4.

Discussion

To obtain detailed insight inio the course of the INR after oral administration of
vitcrmin K, in doses of 1 t0 5 mg, we measured the INR on the next seven days
in patients on phenprocoumon with an INR >6.0 ot presentaficn. The first two
darys cfter administration of vitamin K| the meon INR decrecsed; cfterweonds it
slightly increased again. On all days, the mean INR was above the therapeutic
zone. After a week, 25% of the palients were still overcmticoaguloted (INR >6.0),
only 29% had an INR within the therapsutic zone cand none were underantico-
agulcted.

The routine freatment of overanticoagulation emploved ot the anticoagula-
tion clinic has not been tested extensively before and is an empirical one. There-
fore, one aim of this study was fo test its efficacy. Staring from o duration of sffect
of oral vitcmin K, of tweo days, as discussed below, the efficacy of the reatment
camn be judged on the INR between day 2 and day 7. Overall, just 32% of the
patients had cn INR within the therapeutic zone, 25% had an INR >6.0 and conse-
quently were ct increased risk of bleeding. An INR <2.0, and so an increased risk
of thrombosmbolism, only cccurred on day 2. 3 and 4 in two potients (8%). These
figures indicate that the treabment is not suficiently intense and an adjustment
is recommended. Increasing the dosage of vitamin K| is one possibility. Another
option weould be to administer another small dosage of vitcmin K onday 1lor
day 2. Although this study was only performed ot the omticoagulation clinic of
The Hague, the conclusion regarding the efficacy of the frectment of overcmitico-
agulation in patients on phenprocoumon most probably daso applies to mony
of the other enticocgulation clinics. Most clinics prescribe comperable doses of
vitconin K| and some even lower doses.

This study was performed in o setting of routine medical care. As o conse-
quence, in six patients, three of whom had just stcrted oral anticoagulent thar-
apy. the standard practice of restarting phenprocoumen on day 2 end lowering
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the doscge by about 15% was deviated from. However, the course of the INR in
these patients was comperable with that observed in the patients in whom the
standard practice was applied.

Most effect of vitarnin K, was seen in the first two days. Considering the haolf-
life of vitemnin K, of approximately 1% to 3 hours (8, 9), a duration of effect
of two days is plausible. The extent of the response to crol viiconin X, varied
grectily between patients. A difference in the degree of overcmticeagulation is o
plausible explanaiion. However, serum levels of phenprocoumon were not deter-
mined. The difference between the dose of phenprocournen ot presentation cmd
the dose in o stable condition later on, as ¢ proxy of the degree of overantico-
agulation, was available for only o imited numier of patients. We did not find
< relation between the dose of vitomin ¥, ond the proportional decrease in INR
between day 0 and day 2. Sex or cage dlso were not related to this decrease.
Other factors that may affect the INR were not substomtially present ond com not
have had an appreciable effect on the results.

Our study was restricted to patients on phenprocoumeoen, since of the onti-
codagulation clinic of The Hague vitcomin K| is only incidentally prescribed to
patients on acenccoumnarol, namely when the INR is >15.0. Beccuse of o dif-
ference in half-life between coumarin anticoagulants, the course of the INR in
response o orad vitamin X, would be different for other anticoagulcmts. This
aspect should be taken into account when comparing our study with the stud-
ies of Weibert et al. (8), Pengo et cl. (6) and Harrell cnd Kline (7), who were per-
formed in pctients on warfarin. The former two studies both focussed on efficacy
and gave no data on changes in INR over time. In the study of Pengo et al. (6).
necriy all patients had an INR below 5.0 orr day 1, 2 cnd 9. The INR at presenta-
tion, however, was much lower than in our study. Weibert et al. (5) found that
one ot two days after administration of vitammin K, 73% of the INRs fell within the
target zene of 2.0 to 5.0, 10% exceeded 5.0 eamd 17% was less than 2.0, Four to
seven days after warfarin therapy was resumed these percentages were 83%,
1% ana 16%, respectively. So, compared to our study, fewer patients had an INR
above the target zone, but more padients had an INR below this zone. A higher
dosage of vitamin K, in proportion to the INR ot presentation by Weibert et ol
is o plausible explonation. In a report on five patients by Horrell omd Kline (7),
the INR had decreased by 58% to 89% cfter one or two daoys. In our study, the
meximum decrease in INR on an individucal patient level was 77% con day 1 and
43% on day 2.

In conclusion, in this study amoeng 24 patients on phenprocourmon with an INR
>6.0, the INR decreased during the first twe days after administration of 1 to 5 mg
of aral vitamin K, but slightly increased again ofterwards. Only one third of the
potients had cn INR within the therapeutic zone between day 2 ond day 7. To
improve its efficacy, the routine frectment of overanticoagnilation in potients on
phenprocoumon should be intensified.
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IRISK FACTORS FOR
OVERANTICOAGULATION







ABSTRACT

Characteristics of anticoagulant thercpy
and comorbidity related to
overcnticoagulation

The risk of hemorrhage when using coumarin cntcoaguiomnis
sharply increases when the Interncational Normalized Retio (INR)
Is »6.0. We performed o prospective cohort study with a nested
case-control design coneng 17,056 oulpatients of cn antficoagula-
tion clinic to determine the incidence of overanticoagulation cnd
to study the asseciation belween overanticoaguiation and cherac-
teristics of anticoagulant therapy cnd comorbidity. The ncidence
rarte of cn INR 6.0 was 7.8 per 10,000 treatment days in prevalent
users on the starting date and 22.5 per 10,000 treatment days in
incident users during the study period. 300 cases with an INR >6.0
were compared with 302 randomiy selected matched controls with
an INR within the therapeutic zone. Information on characteristics
of anticoagulant therapy and comorbidity, as well as on potential
confounding factors, was collected from the anticoagulant medi-
cal record, through the general practitioner, and by interviewing
the patient. Patients on acenocoumcaro! had an increased risk of
an INR >6.0 compared to patients on phenprocoumon (CR 1.9
05%CI 1.3-2.7). Chronic diseases asscciated with overanticoaguld-
tion were impaired liver function (OR 2.8; 95%CI 1.1-6.9) and con-
gestive hecart fadlure (OR 1.6; 95%CI 1.04-2.4 in stable condition and
OR 3.0; 95%CI 0.8-12.0 in case of a relapse). Acute illnesses associ-
ated with overanticoaguilation were dicathea and fever (OR 12.8;
O5%CT 1.6-104.9 and CR 2.9; $5%CI 1.1-7.7, respectively). Increased
monitoring of INR-values if risk factors are present or avoidance of
risk factors could prevent overanticoagulation cnid potential bieed-
ing complications.
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INTRODUCTION

Courncrin anticcagulomts are clinically effective in the prevention of vencus cnd
crterial thromboembolism (1). These drugs induce cnticoagulation by antagoniz-
ing vitornin K, thereby impciring the biclogical activity of the vitcomin K-depen-
dent coagulation factors (factor II, VII, IX and X) (2). Inherent to their mode of
action and narrow thercpeutic index, hemeoerrhage is the most commoen adverse
reaction to coumncrin anticoagulemts. The risk of hemorrhage is strongly asscci-
ated with the infensity of anticoagulation and sharply increases when the Inter-
netional Normalized Ratio (INR) is >6.0 (3-6). Such an excess anticoagulant effect
should therefore be prevented. This necessitates identification of risk facters for
overomticoagulation.

A number of comorbidities are suspected to enhance the response o cou-
marins {7-10). Hepatic dysfunction may impar the synthesis of coagulation foc-
tors. In hypermetabolic states the clecrance of coagulation factors is increcsed.
Fat malabsorption and dicerhea impcr the absorption of vitornin X, With madig-
namcies, the metabelism of vitamin K and the coumarin anticoagulant meory be
affected. In congestive heart failure the distribution of the coumcrin anticoagu-
lont is aitered.

The stability of amticocgulant control depends on the type of cnticoagulant
used and has been found o be less when using the short-acting acenocoumarol
because of fluctuating factor VI levels (11, 12). In addition, the potient’s compli-
ance ploays arole in stability of control (13, 14). Possibly the risk of overcniticoag-
lation is alse related o these factors.

The occurrence of overcnticoagulation in o non-selected population under
everyday cireumstomees and the association between overanticoagnlation cnd
choracteristics of anticoaguiont therapy and comoerbidity, have not been stud-
ied extensively. Therefore, we have conducted o prospective cohort study with
a nested case-control design among outpatients of an cmticoagulation clinic.
We determined the incidence of cveranticoagulction (INR >6.0) and studied
the assocication between overaniicocagulation cnd choracteristics of anticoogu-
lant therapy and comorbidity in previcusly stable patients. This poper is one of
a series of three papers on risk factors for overomticoaguiation. The other two
wapers are based on the same study and concern drug interactions cnd sociode-
mographic-, lifestyle-, and dietary factors.

MeTH0ODS

Setting

In the Netherlands, anticoagulent therapy is monitored by o network of more
tham 60 independently operating speciclized canticoagulation clinics, covering
over 90% of the country (15, 16). The study was performed at the regional Red
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Cross anticoagulation clinic The Hague, which serves an area of necrly 7C0,000
inhabitemts. All persons in this area with an indication for anticoagulant therompy
are referred to this clinic.

Cohort definition

The stucty cohort consisted of all patients trected with orad anticoagulonts ot the
regicnal Red Cross cnticoagulation clinic The Hague between December 1, 1997
cnd June 14, 1999, The cohort therefore included prevalent users on the sterting
date and incident users during the study period. All cohort members were fol-
lowed until the first cccurrence of an INR >6.0, the end of their treatment, or the
end of the study period (i.e. the day on which the ploanned number of cases was
recruited), whichever came first.

Cases and conirols

Subjects for the nested case-control study were identified daily from all portients
with an INR measurement on that doy. Cases were defined as cohort rembers
with an INR >6.0. For each case, one confrol, matched on target ramge, was
randomly selected from the cohort members with cn INR within the therapeutic
zone (2.0-3.5 or 2.5-4.0), measured on the same day as the case (index day).
Overcniticoagrilation is oftfen seen during initiction of cnticoagniomt therapy cnd
in unstable anticoagulation. Since this was not our primary interest, only cases
and controls with stable anticoagulation in the three moenths preceding the
index day were eligible. Anticoagulant thercpy is considered effective cnd safe
if the patient is kept within the therapeutic zone for more tham two-third of the
time (17, 18). Therefore, we defined stable cnticoagulation as having ot least
66% of the INRs within the therapeutic zone cnd no INRs =5.5 in the three months
preceding the index day. To judgs stability, a minirum of three INRs had to be
assessed in the three months preceding the index day. Cases cnd conirols with
o hospital admission in this period were excluded, since information on cntico-
agulant control during admission is often not avadable at the anticocagulation
clinic. As we focussed on sudden cvercmticoagilction, the INR preceding the
assessment on the index day had to be within the therapeutic zone. Patients who
were not living independently and those making use of meals on wheels were
excluded becouse these potients may be less able to reliably cnswer the ques-
tions on medication and diet. Since we were primcrily interested in overcmtico-
agulation, irrespective of the question whether this was followed by hemorrhage,
patients who presented ot the index day with a sericus bleeding complication
weare excluded beccuse this may promote recall bias.

Procedure

The study protooc] has been approved by the Medical Ethics Committee of the
Frasrmus University Medical Center Rotterdam. We planned to recruit 300 cases
ond 300 controls to provide at least 80% power to detect a true odds ratio (OR)
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of 2.0 for risk foctors having a prevalence of 7% among the controls, using a
P<0.05 {0 reject the null hypothesis of OR=1.

Informertion on characteristics of anticoagulant therapy cnd comoerbidity, os
well as on potential confounding facters, was collected from the anticoagulant
medical record, through the general practifioner (GP), and by interviewing
the patient. The interview tock place within three weeks ofter the index daoy
at the private address of the patient, making use of structured questonnaires
with mainiy closed questions. The interviewers weie blinded with resgect to the
patient’s case or control status cnd the specific resecach hypotheses. This also
applied to the GPs and the pharmacists. Blinding of the potients was not fully
feasible, since the INR-value is printed on their dosage list. To obvidaie this, in the
micrmetion letter we referred to the proklem of overcanticoagulaiion in a general
SENSES.

Characteristics of anticoagulani therapy and comorbidity

The risk period waos defined as the iourweek paricd preceding the index day.
The following choracteristics of anticooguloemt therary were coliected from the
anticcagulant medical record: indication for cmticoagulation, duration of ther-
apy (categorized as <1 year, 1 to 5 vecns and >5 vecars, exclusive of former treat-
ment episodes), typs of anticoagulant used, change of type of anliccagulont
in the risk period, and the latest dosage of the anticoagulont. The pofient was
asked about complicnce with cnticeogulont therapy, Le. regularity of pill intcke
and missed or extra pills in the risk period. With respect to comorbidity, chronic
comorbidities as well as acute illnesses during the risk peried were taken into
account. The GP waos asked whether the patient had cn impaired liver-, bilicry-
or poancreatic functon, an impaired gastro-intestinal alsorption, congestive
hecrt failure, hyperthyreoidism, or a malignoncy. I so, it was asked whether the
conditicn had chemged in the risk period. Since anticoagulent therapy likely is
titrated to chronic comeorkidities and only a relapse or change may be related
to overcnbcoagulction, all chronic comorbidities were cotegorized as cdosent,
stable in the risk pericd, and worsened in the risk period. Regarding ccute ill-
nesses, the paiient was asked about having been ill in the risk period and if so,
cbout his or her complainis and the presence of fever (o temperature »38°C). In
addition, the GP wuas asked whether the potient had consulted him in the risk
period and if so, with which medical problems.

Cofactors

Acute lllnesses and worsened chronic comorbidities may be accompaonied by a
change In drug use (beside the amticoaguilant), weight, physical activity, dietcry
Intake (and thereby intake of vitcmin K), and/or clechol consumption. These
facters may also offect the response to oral anticoogulonts (19-24) and were
thus considered as potential confounders. The associctions between these cofac-
tors and overcnticoagulation are the mcin subjects of the two other popers men-
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tioned in the introduction.

Statistical analysis

We calculated the cumulctive incidence of an INR 6.0 using the Kaplen-Meier
method, as well as the incidence rate. Both incidence medasures were calculated
separately for prevalent users on the starting date and incident users during the
study period, since overcmticoagulation is often seen during initicion of cntico-
agulont therapy.

Characteristics of cnticoagulont therapy cnd comorbidity related to an INR
>6.0 were identified using univaricte conditiondl logistic regression enalysis ot
first. Since the uncenditionad cnadyses gave comporable results but more statis-
tical power, we finclly used unconditioned logistic regression to compuie unad-
justed odds ratios and their 5% confidence intervals (CD). In case o risk factor
was absent in either the cases or the controls, o Fisher Exact test was perfermed
nstead. To assess characteristics of anticoagulemt therapy and stable chronic
corneorbidities that were iIndependently associaied with cm INR >6.0, all factors
of these two categeries which were univariately associcted ot o p<0.10, age,
sex, and the number of INR determinations in the preceding three months were
included in a multiple regression model. A comporable procedure was followed
to assess worsened chronic comorbidities cnd acute ilinesses that were indepen-
dently associcied with an INR >6.0. Cofactors which were univariciely associ-
ated with anx INR >6.0 were included as well if this resulted in a chomge in one
of the odds ratios of 5% or over, starting with the rmost potent factor.

To determine the Importance of the independent risk factors for overanticoag-
ulction in the population, we calculated the population attributable risk percent-
cges (PARY%) according to the following forrmuta (25): PARY% = AR% * (proportion
of exposed cases), with AR% = ((OR-1)/0R) * 100.

ResuLts

The prospectve cohort consisted of 17,056 patients: ¢,508 prevalent users on the
starting date, who had on average 380 frecdment days fange 1 to 560 days)
and 16 INR measurements (tange 0 to 72 measurements) ond 7,548 incident
users during the study period, who had on average 98 treatment days ange 1
1o 558 days) and 9 INR measurerments fonge 1 to 60 measurements). The curnu-
lcttive incidence of the occurrence of an INR 26.0 is represented in figure 1. As
expected, overanticoagulation occurred mere often in incident users. After six
months of follow up, the cumulative incidence was 17% in prevaient users ond
29% in incident users. After one yecor it was 25% cnd 39%, respectively, and ot
the end of the study peried, i.e. after 560 days of foliow up. the cumulctive inci-
dence wos 34% in prevalent users and 46% in incident users. The number of
prevedent users with cn INR >6.0 was 2,813, which s corresponding to cn inci-
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Figure 1. The cumulative incidence of the occurrence of an INR 26.0 in incident (A) and
prevalent (B} users of acenoccoumarc! or phenproccumaon.

dence of 18 per 1000 INR meosurements and on incidence rate of 7.8 per 10,000
frectment days. 1,663 incident users had om INR »6.0, the iIncidence being 26 per
1000 INR measurements cnd the incidence rate being 22.5 per 10,000 treciment
days.

The nested case-control study inchuded the planned number of 300 cases
with o medicn INR of 6.8 cnd 302 confrols with a medion INR of 3.2. The pa-
ficipation cmong cases and contrels was 78% cand 85%, respectively. Written
informed consent was obtained from every potient. The meon interval between
the index day and the interview was fourteen days, for cases as well as for con-
trols. In both case and control groups, the mean age was &8 vears, the propor-
tion of men was 58% and 64%, respectively.

The associctions between overcnticoagulation ond characteristics of antico-
agnlant therapy cre shown in table 1. The indication for anticoagulction cnd
the duration of therapy were not related to an INR >6.0. Neither was the dosage
of the emticoagulomnt. The fype of cmticoogulant used, however, was o ¥isk factor
for overanticoagulation. Pertients on acenocoumarol had an increased risk of 1.9
{(95%CI 1.3-2.7) compared to patients en phenprocoumon. The PARY% of overanti-
coaguiaiion associated with the use of acenocoumarol was 21.3%. A change of
type of anticoagulont cocurred in only two patients. Regarding complicnce, six
casas but ne controls had taken more pills thon prescribed (p=0.02).

With respect to comorbidity (takle 2), the only stable chronic comorbidities
related to overcniicoaglation were impaired liver funciion and congestive
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Table 1. Association between overanticoagulation (INR »6.0) and characteristics of

anticoagulant therapy',
Varicbls Cases Controls CR (?5% Cl), QR (95% CI),
n=300 n=302 univariate multivaricrte
Age (years, meansd) 68,1 4123 68.2+08 1.00 (0.98-1.01)
Sex
male 175 (58%) 194 (64%) 1 {reference)
fermale 125 (42%) 108 (36%) 1.28 (0.92-1.78)
Indication for anticoagulation
atrial fibrilation 37 40 p=0.51
prosthetic heart valve 31 31
cardiac disease 110 131
pefpheral arferial disease 76 &6
cerebrovascuiar thromboembolism 28 18
venous embolism 16 13
prophylactic treatrmeant 2 3
Duration of therapy
> 5 vears 122 138 1 (reference)
1105 years 125 115 1.2 (0.9-1.8)
< 1 year 33 49 1.2 (0.8-1.9)
Type of anficoaguiant
phenprocourmon 165 (55%) 200 {5695 1 (reference) 1 (reference)”
Qcenocoumarc! 135 {45%) 102 (34%) 1.601.1-2.2) 1.90.327)"
Change of type of anficoagulant 1 1 1.0(0.1-16.2)
Dosage of anticoagulant
{mg/day, mean=sd)
phenprocoumon 0.83+053 0.76 +0.30 1.5 (0.9-2.6)
acenocoumarnol 2934135 273+120 1.1 (0.9-1.4)
Compliance
no reguiar intake of anficoaguiant 13 9 1.5 (0.6-3.5)
pills missed 24 23 1.1 (0.6-1.9)
taken more pills than prescribed s} 0 p=0.02

' Vaiues are numbers unless indicated otherwise.
° Type of anflcoagulant, stable congestive heart failure, stable impaired liver function. age. sex and the
number of INR determinations in the preceding three months were included in the modei,

hecat failure. The latter condition resulted in an increased risk of cn INR >6.0
of 1.6 (95%CI 1.04-2.6). The corresponding PAR% was 7.5%. Patlents with an
impaired liver function had on increased risk of 2.8 (95%CI 1.1-6.9). None of
these patients had liver cirrhesis, one case and two controls had chronic active
hepatitis. In sixteen cases cmd in six controls, the liver functon was otherwise
impdgired (inciuding abnormeal lver enzymes) and of two cases the kind of
impairment was not sicted by the GP. The PARY of overanticoagulation associ-
ated with cn impadred liver function was 3.9%. A worsening condition: was infre-
cuent for most chironic comorbidities. A relapse of congestive hecnt failure was
present in fourteen cases and in three confrols and was univericiely associated
with an increased risk of overanticoagulation of 5.3 (§5%CI 1.5-18.8). After adjust-
ment for confounding factors the increased risk was 3.0 ($5%CI0.8-12.0). The cor-
responding PAR% was 3.1%. Regarding acute illnesses, dicrrhea and fever were
risk foctors for overonticoagulation, with relative risks of 12.8 (96%CI 1.6-1C4.9)
and 2.9 (§5%CI 1.1-7.7), respeciively. Stratifying for duration of fever (<4 days
cnd >4 days) revealed on increased risk of an INR 26.0 in both strata (univari-
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Table 2. Association betwaen overanticoagulation (GNR »6.0) and comorbidity’.

Variabie Cases Controls OR (95% Ch, oR (95%_@),
n=300 N=302 univariate multivariate
Chronic comerbidities, sfable
congestive heart fallure 60 45 1.6 (0.98-2.3) 1.6 (1.04-2.6)
malignancies 23 21 1.1 (06213
impaired liver function 18 7 2.7 (1.1-6.5) 28 (1.1-6.9F
impacired Gl absorption 9 7 1.3 (0.5-3.5)
nyperthyroldism 4 3 1.3 (0.3-6.0)
impaired biliary function 1 3 3032
Chronic comorbidities,
worsenad
congestive heart fallure 14 3 5.3(1.5-18.8) 3008120y
malignancy 4 2 20{0.4-11.2)
Acute llinesses
diarrhea 17 3 6001.7-20.7y  12.8(1.6-104.9)
ithess of the winary fract 19 5 4.0 {1.5-10.%) 1.2 (0.4-4.2)°
ilness of the respiratory fract 33 53 211430 1.0(0.5-1.7°
fever 45 10 5326107 290.3-7.7)°

'Values are numbers.

° Stable congestive heart faiiure, sfable Impaired liver function, fype of anticoagulant, age, sex and the
number of INR deferminations in the preceding three months were included in the model,

® Relapse of congestive heart failure, diartheq, iiness of the urnary fract, ilness of the respiratory fract,
fever, age, sex, the number of INR deferminations in the preceding three months, use of antibacterial
drugs. use of analgesics & NSAIDs, change in welight, change in physical activity and change in
frequency of suppers were included in the model.

ate OR 4.4 (?5%CT1 1.6-12.1) and OR 6.7 (95%CI 2.3-19.7), respectively). The PARY
ol overanticoagulation associated with dicrthea cnd fever were 5.2% and 9.8%,
respectively. Ilinesses of the urinary or respiratory tract were only univoriately
associctted with an increcdsed risk of cn INR 6.0 (OR 4.0; 95%CI 1.5-10.9 and OR
2.1; 95%CI 1.4-3.1, respectively).

Discussion

We determined the incidence of overanticoagulation ameng outpatients of cn
cnticocgniiation clinic. Furthermore, we studied the associction betwesn overan-
ticoagulation cmd characteristics of emticoagulant therapy and cormorbidity. The
incidence rate of an INR >6.0 was 7.8 per 10,000 treatment days in prevalent
users on the starting date and 22.5 per 16,000 trechment days in incident users
during the study pericd. Since the patients’ INRs were not measwred ddaily, the
red] incidence of overanticoaggulation may be higher. Patients with an impaired
liver function or congestive heart failure, as well as those using acenocoumarol
had cn increased risk of an INR >6.0. Fever and dicothea were also risk foactors
for overanticoagulation. The clinical implication of our findings lies in the pos-
sibility of prevention or early detection of excess anticoaguleton, and thus of
bieeding complications, by paying specicd attention to these risk factors when
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monitoring cnticoagulction. For exarnple, patients with an impaired liver func-
tion should be moniiored corefully and in case of fever, the patient’s INR should
be measured within seven days. Sirilerly, the use of phenprocoumon instead of
acenocoumcroel might be considered. This has been suggested before by others
(11, 12), because of the more stable anticoagulant control when using phen-
procoumeon compcared 1o acenocournarcl.

Diagnostic suspicion bias may play a role in the association of fever cmd dico-
rhea with overanticoagulation, since patients are instructed to inform the clinic
of acute llnesses. If considered necesscry, the patient's INR is mecsured earlier
than the appointed date. Excluding patients whose INRs were measured earlier
from the analyses, fever and dicrrheda remained risk factors for overanticoagula-
fion,

The presence of chronic comorbidities was based on GP diagnoses. Validation
of drug use by reference fo pharmacy dada, revealed that 90% of the patients
with a GP diagnosis of congestive heont failure had indeed used drugs for conges-
tive heart foilure or ischaemic heart disease. Although postulated as interfering
with cnticoagulent therapy, malignemcies, an impaired gastro-intestinal olosorp-
tion, hyperthyroidism, and ¢n impadred biliary function were not related to over-
cnticoagulation in our study. Neither in case of a stable condition, nor in case
of o relapse in the risk period. This may be explained by the low prevalence
of some of these conditions, which requires a larger study populction to atiain
enough statistical power. In addition, the increase in INR by the potentially inter-
fering comorbidity may be of less magnitude than defined in our study.

Complicnes maoy influence the stability of cnticoagulant control (13, 14). In
our study, os expected, taking meore pills tham prescribed was associated with
overcmticoagulation. We were not able 1o test this association multiverictely. but
in view of the clear-cut pharmacological pathway this also would have been
meaningless. Missing pills cmd irregulenly taking the anticoagulant were not
relcted to overanticoagulation. However, missing pills cccurred only occasion-
ally (once or twice in the four-week risk period) ond patients who care constantly
noncompliomt most probably will not become stable ond therefore have been
excluded o priorn.

So far as we are aware of, epidemioclogicdl studies on risk factors for over-
cniiccagulation in a non-selected population under everyday circumstances
care scarce cnd were oniy published for the first tirne in 1998, Two out of three
ecrlier studies (26, 27) have some limitations. First, in one study (26}, the cases
were identified during a 12-month period whereas the controls were selected in
June only. In the second study (27), cases and contrels do not seem to be time-
matched sither. Second, the number of overcnticcagulated patients was smeill
(65 and 31, respectively). Third, only univeriate ancdyses were performed. The
third study (28) was well-performed. Dicathea and taking more warforin thom
prescrived were determinemis of cn INR 24.0, similcr 1o owr study. On the con-
trary, advanced malignancy was o risk factor for overamticoagulation in their
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study, but fever was only univariately associcted. Impaired liver function, con-
gestive heart failure, and ilinesses of the urincry or respiratory tract were not
considered by Hylek et al. An important difference between the study of Hylek
et al. and our study is thet we only included stable cases and controls. Besides,
we used a four-week risk period ond they used a cne-week risk pericd. Lastly,
the study population of Hylek et al. used wariarin, while our patients used phen-
procoumon or acenocoumarol.

Information on the incidence of overcmticoagulation under everyday circum-
stcmces is even scoreer them informertion on risk factors for overanticoagulation.
In the study of Brigden et al. (27), 0.3% of the INRs were >6.0. In the study of Pan-
neerselvam et al. (26), 0.2% of the INRs were >7.0. When expressed in a compa-
rable way, 2.0% of the INRs in our study were >6.0 and 0.9% of the INRs were
>7.0. The much lower incidence of overcmticocgulction reported by Brigden et
al. and Ponmeerselvanm et ol. moy be explained by the lower toarget range of
cmticoagulation in their studies.

In conclusion, in this study armong previously stable outpatients of an anticocgu-
lation clinic, overamticoagulation was associated with the type of anticoagulomt
used and with some comorbidities. Increased monitoring of INR-values if risk fac-
tors are present or avoidance of risk factors could prevent overcmiticoagulation
cnd potential bleeding complications.
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ABSTRACT

Drug intercictions as o cause of over-
anticoagulation on phenprocoumon or
dacenocoumarol predomincmtly concern

. antibacterial drugs

The rsk of hemormhage when using coumnain anticoagulants
sharply increases when the Internafional Normalized Ratio (INR)
Is 26.0. Such overcnticoagulation may be caused by drug interac-
fions. We performed a case-conitrol sfudy among previously stable
outpatients of an cnticoagulation clinic using phenprocoumon or
acenocoumcarol to identify changes in the use of polenfially inter-
acting drugs related o overcmiicoagulation. 300 cases with an INR
>6.0 were compered with 302 ramdomly selected matched controls
with cnr INR within the therapeutic zone. Information on drug use,
and potential confounding factors and effect modifiers, was col-
lected from the anticoagulant medical record, through the general
practitioner and the pharmacy, and by interviewing the patient.
45 out of 87 potentiaily inferacting drugs were not used in the four
weeks preceding the index day and only 15 drugs were used by atf
least ten patients. A course of sulphamethoxazole+trimethoprim
(co-trimoxazole), strongly increased the risk of overanticoagulation
(OR 24.2; 95%CI 2.68-209.1), especially in palients on aceno-
coumcrol. Penicillins were associated with o 1isk of overantico-
agulation of 2.4 (98%CI 1.00-5.5). The effeci was coniined o
amoxicillin+claulanic acid. If possible, the use of co-timoxgzole
and amoxiciilin+clavulenic acid shouwld be avoided in patients
on coumarins, If there is no therapeutic dalfernative avcailable,
increcsed monitoring of INR-values is warranted to prevent overan-
tcoagnilation and potenticl bleeding compilications.
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INTRODUCTION

Coumarin anficoagulants are widely used in the prevention of venous and arte-
ricl thromboerniolism (1). These drugs induce anticoagulation by cntagonizing
vitarnin X, thereby impairing the biological activity of the vitamin K-dependent
coagulation factors (factor I, VIL X ond X) (2). Opposite to their benefit, stands
the nsk of hemorrthage (3), which is strongly associated with the intensity of
onticoagulation and sheoply Incredses when the International Normalized Ratio
(NR) is »6.0 (4,5). Such overcnmticoggulation may be coaused by drug-drug inter-
actions, to which cournarin cnticocgulants are extremely susceptible because of
their norrow therapeutic remge (6). Critical pericds are when o patient stabilized
on an cnlicoagulomt starts irectment with on interacting drug or when a patient
stcbilized on a regimen of an interacting drug and an cnticoagulcmt has the
interccting drug withdrawn (7). A considerable number of drug interactions with
coumcrin cnticoagulants, based on case reports cnd smcll-scale experiments,
have been reperted and summeaerized (6-9). Epidemiological studies quantifying
the role of drug interactions In overanticoagulation in a non-selected population
on coumdcring under everyday circumstances, however, are scarce. Therefore,
we have conducted a prospective nested case-control study among outpatients
of cn amticoagulation clinic. We identified chemges in the use of potentiadly inter-
acting drugs related to on INR >6.0 in previously stable potients using phen-
procoumon or acenocoumarel and calculated the corresponding odds ratios
(OR) amd population attributable risk percentages (PAR%). This paper is one of
a series of three papers on risk foctors for overcnticeagulation. The other two
papers are based on the sarne study and concern choracteristics of anticoagu-
lant therapy cnd comorbidity, end sociodemographic-, lifestyle-, and dietcry
factors.

MEeTHODS

Setting

In the Netherlonds, cnticocagulomt therapy is monitored by a network of more
than 60 independently operating speciclized anticoagulation clinics, covering
over 90% of the country (10, 11). The study was performed ot the regiondal Red
Cross cnticoagrlation clinic The Hague, which serves an creda of necrly 700,000
inhabitants. All persons in this area with cn indication for emticoagulomt therapy
are referred to this clinic.

Cohort definition

The study cchort consisted of all patients treated with coumarin cnticoagulants
at the regional Red Cross cmticoagulation clinic The Hague between December
1, 1997 and June 14, 1999, All cohort members were followed until the first cccur-
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rence of an INR >6.0, the end of their treatment, or the end of the stucly period
{le. the dav on which the planned number of cases was recruited), whichever
come first.

Cases and controls

Subjects for the nested case-control study were identified daily from ol potients
with an INR measurement on that day. Cases were defined as cohort members
with an INR >6.0. For each case, one conirol, maiched on target range, was
randomly selected from the cohort members with cn INR within the therapeutic
zone (2.0-3.6 or 2.5-4.0), measured on the scrne day as the case (index day).
Overcnticocgulation is ofien seen during initiction of anticoagulent therapy cnd
in unstable anticoagulation. Since this was not our primaory interest, only cases
and controls with stable anticoagulation in the three months preceding the
index day were eligible. Anticoaguiant therapy is considered effective cand safe
if the patient is kept within the therapeutic zone for more than two-third of the
time (12, 13). Therefore, we defined stable cmticoagrilation as having at lecst
&6% of the INRs within the therapeutic zone cnd no INRs >5.5 in the three months
preceding the index day. To judge stakility, a minimum of three INRs had o be
assessed n the three months preceding the index day. Cases and controls with a
hospital admission in this pericd were excluded, since information on anticoagu-
lemt control during admissicn is often net avalable at the anticoagulation clinic.
As we focussed on sudden overcmbicoagulation, the INR preceding the assess-
ment on the index day had to be within the therapeulic zone. Becouse of ques-
tions about medicction and diet, the patients had to be living independently
cnd not making use of medls on wheels. Since we were primarily interested in
overanticoagulation, respective of the question whether this was followed by
hemorrhage, patients who presented ot the index day with o serious bleeding
complication were excluded because this may prormote recall bias.

Procedure

The study protocol has been approved by the Medical Ethics Committee of the
Erasmus University Medical Center Rofterdam. We planned to recruit 300 cases
and 300 conirols to provide at least 80% power to detect a true OR of >2.0 for risk
foctors having a prevalence of 7% among the controls, using a p<0.05 to reject
the null hypothesis of OR=1.

Information on (chomges in) drug use, and potenticl confounding factors
and effect modifiers, was collected from the anticoagulcnt medical record,
through the general practitioner (GP) cnd the pharmacy, ond by interviewing
the patient. The interview tock place within three weeks cdter the index day
at the private cddress of the patient, making use of structured questicnnaires
with mainly closed questions. The interviewers were blinded with respect to the
potient's case or control status and the specific research hypotheses. This also
applied to the GPs and the phormacists. Blinding of the patients was not fully
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feasibie, since the INR-value is printed on their dosage list. To obviate this, in the
informartion letter we referred to the problem of overcniicoagulation in a general
sense.

{Changes in) drug use

The risk period was delined gs the four-week period preceding the index day.
The patient was asked to show all currently taken prescription and over-the-
ceunter (OTC) drugs and vitormin supplements. The dosage cnd frecuency of
use of these drugs cnd vitcrnins were recorded. The patient was asked about
dosage chonges in the risk period, drugs and vitamins that were started in the
risk period, ond drugs cnd vitcomnins thot were discontinued in the risk period.
Informeation in the cnticoagulomt medicod record on dosage chonges, start, or dlis-
continuartion of a drug, was alse considered. Of all pedients, the medication his-
tory of the preceding six months was obtained from the pharmeacy. This history
was used to judge the reliability of the poatient interview data and anticoagulomt
rmedical record doia on chomges in drug use.

Based on overviews of drugs interacting with anticoagulont theraoy (6-8), 69
drugs and 18 drug classes were a prior considered s polentially interacting
drugs. Since chonges in drug use, rather than continuous drug use, pose o
risk of overcnticoagulation (7), the cccurrence of the following situctions was
defined for every patient, using patient interview deta cnd amticocgulomi mecdi-
cal record datar stant, dose increase, or ireguler and infrequent use (l.e. one or
two times o week) of a potenticlly interacting drug or vitcenin enhoncing the
anticoagulant effect, and discontinuation, dose reduction, or iregulor and infre-
quent use of a potenticlly interacting drug or vitamin dirmninishing the cnticoagu-
lamt effect.

Cofactors

A change in drug use, especially a course of antibacterial drugs and the use
of cmadgesics, most probably cccurs in case of cn acute illness or a relapse of
a chronic comerkidity, These situations may be accomponied by fever end/or
resull in o change in weight, physical activity, dietcry intake (emd thereby
intake of vitamin K), cnd/or alcohol consurmnption. These factors may all affect
the response to coumarin cniticocagulomts (2, 9, 14-18) end were thus considered
as potential confounders. The associations between these cofactors and overon-
Heoagulation are the main subjects of the two cother papers mentioned in the
infroduction.

Furthermoere, effect modification by the type of anticoagulont may be pres-
ent. Drugs may interact with coumcrin anticoagulomts by inducing or inhibiting
speciic cytochrome P450 enzymes, especially cytochrome P450 2C9 (CYP2C)
(6, 8, 19). The difference in the structure of acenocourmarcl and phenprocou-
mon, although small, may have implications on the relative contribution of cyio-
chrome P450 enzymes fo their metobolism (20). The risk of overanticoagulation
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when the use of CYP2C9 medicted drugs changes therefore possibly differs with
the type of cmticoagulant used.

Statistical cnalysis

Chonges in the use of potenfially interacting drugs (vitamin supplements
included) related to cn INR >6.0 were identified using univariate conditional
legistic regression cnalysis af first. Since the unconditional cnalyses gave com-
parable results but more siatistical power, we finally used unconditional logistic
regression analysis o compute unadjusied odds ratios end their 95% confidence
intervals (CI). Inn case a risk foctor was ciosent in either the cases or the contrels, a
Fisher Exact test was performed instead. To assess changes in drug use thot were
independently associcted with an INR >6.0, dll facters which were univerictely
associated at a p<0.10 were included in a multiple regression model. Beside age.
sex, and the number of INR determinations in the preceding three months, cofac-
tors which were univorictely ossocicted with an INR >6.0 were included if this
resulied in a change in one of the odds ratios of 5% or over, starting with the most
potent factor. Effect modification by the tvpe of cnticoagulant was studied by
performing stratified cnalyses.

To determine the importcmce of the iIndependent risk factors for overamticoag-
ulction in the population, we calculcted the populction atfributable risk percent-
ages (PAR%) according to the following formula (21): PAR% = AR% " (proportion
of exposed cases), with AR% = ((OR-1)/CR) * 100.

ResuLts

The nested case-control study included the planned number of 300 cases with
a medicn INR of 6.8 cnd 302 controls with a medion INR of 3.2, The porticipa-
tion comeng cases and controls was 78% and 85%, respectively. Written informed
consent was obiained from every patient. The mean intervdl between the index
day ond the interview was fourteen days, for cases as well as for controls. Char-
acteristics of the study population cre presented in table 1. 55% of the cases and
466% of the controls used phenprocournern, the others acenocoumcrol. The mean
number of prescription and OTC drugs regulcnly and frequently used beside the
cniicoagulant as well as the number of patients using health supplements, was
similar for cases cnd controls.

45 out of 87 potenticlly interacting drugs or drug classes were not used by the
study population in the four-week risk period and 27 were used by less than
ten patients. The drugs and drug classes used bv ot least ten patients are
listed in ioble 2; about one third of the patienis had used acetominophen
{parccetamol) in the risk period cnd a quorter had used HMG-CoA reductase
inhibitors, the rermndining drugs were used by less thom 46 patients. Only
for coetarminophen, doxycycline, amexicillin, armoxicillint+clovulanic acid ond
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Table 1. Characteristics of the study population’.

. Cases Controls OR (95% CI

Variable =300 =302
Age (years, meanzsd) 68.1+123 68.2+98 1.00 (C.98-1.01)
Sex

male 175 (58%) 194 (64%) 1 (reference)

femcle 125 (429%) 108 (36%) 1.30.9-1.8
Indication for anticoagulation p=0.51

atfrial fibriliation 37 40

prosthefic heart valve 31 3

cardiac disease 110 137

peripheral arterial disease 76 lols)

cerebrovascular thromboembolism 28 18

venous embolism 16 13

prophylactic treatment 2 3
Type of anficoagulant

phenprocoumon 165 (55%) 200 (66%) 1 (reference)

acenocoumnarol 135 (45%) 102 (34%) 1.6(1.22.2
Number of drugs’ (mean+sd) 35427 3.7+26 1.0 (0.9-1.04)
Use of health supplements

any supplement @5 11 1.3(0.9-1.8)

vitarmin C 21 18 1.2{0.6-2.3)

vitarmin D 6 & 1.0(C.3-3.2

vitarnin £ b 6 1.0(0.3-3.2)

multivifarming 39 33 1.2(0.7-2.0)

! Values are numibers uniess indicated otherwise.
* Prescribed and OTC drugs regularly and frequently used (.e. at least three times ¢ week) besides the
anticoagulant.

sulphamethoxazole+rimethoprim {co-trimoxazole), a relevant change in use in
the risk period occurred in o least fen patients each. Comparing the informa-
tHon on the stert of antibacterial drugs given by the patient or mentioned in the
anticoaguicmt medical record with that subtracted from the medication history,
revedled no substontial differences, neither in the cases ner in the controls.

The associctions between overanticoagulotion and changes in drug use are
shown in fable 3. A course of antibactericl drugs was associated with on INR
>6.0(0OR 2.8; 95%CI 1.8-4.5). In view of ¢ difference in mechanism of interaction
and to be more informative, al antibactericd drugs were also studied individ-
uclly. Co-frimoxcazeole most strongly increased the risk of overanticoagulation.
After adjustment for confounding factors the increased risk was 24.2 (95%CI
2.8-209.1). The corresponding PARY% was 5.7%. Penicilling were associated with
cn increased risk of cn INR >6.0 of 2.4 (95%CI 1.00-5.5). Adjustment for con-
founders did not change the CR. The PAR% of overcniticoagulation associated
with the use of penicillins was 3.4%. The effect of penicillins was confined to
crmoxicillin+clavulomic acid. Doxyevcline was only univerictely ossocicted with
overcniicoagulation (OR 2.3; 95%CI 1.1-4.6). Flucroguinolones and clarithromy-
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Table 2. Potentially Interacting drugs and drug classes used by at least ten patients.

number of users
Drug {class) numbser of users with a relevant'
change in use

Acefaminophen 179 124
HMG-CoA reductase inhibifors 156 7
simvastatin Q3 1
pravastaiin 25 2
fluvastatin 13 0
atorvastatin 27 4
cerivastatin 2 8]
Omeprazole A5 &
Tetracyclines 43 40
doxycycline 4] 38
tetracycline 1 1
minocycline 1 1
Biguanides; metformin . 33 0
Penicilling 26 26
amoxicillin 16 16
amoxicilin+clavulanic acid 10 10
Amiodarcne 25 3
Ranitidine 23 4
Co-frimoxazole 22 19
Thyroxines 20 8]
Fibrates 18 1
clofibrate 1 0
gemfibrozii 13 1
ciprofibrate 4 0
Spironolactone 14 0
Tramadol 12 o]
Allopurinot 1 Q
Macrolides 11 10
clarithromycein ? 9
azithromycin 2 1

! Start, dose increase or iregular and infrequent use (.e. one or iwe fimes a week) of an Inferacting
drug enhancing the anticoagulant effect or discontinuation, dose reduction or iregular and
infrequent use of an interacting drug diminishing the anficoagulant effect.

cin were not related to an INR >6.0, however, the numbers of pclients were
smdil. The stratified analyses revedled that the effect of co-rimoxazole on the risk
of overanticoagulation depended on the type of cnticoagulant used cnd was
especidlly present in patients on acenocourncrol.

The ondlgesic used mainly was acelorninophen. Its use was associcted with
cm increqsed risk of overcmticoaguiction of 1.5 (95%Cl 0.98-2.2). Adjustment for
confounding factors reduced the OR 1o 1.2,
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Tabie 3. Association batwaen overanticoagulation INR 26.0) and changas in drug use’,

) Cases  Conirols OR (85% CI), OR (25% Ch,
Variable N=300 n=302 univarate multivariare
antibacterial drugs
co-frimoxazole 18 1 19.2 (2.6-144.5) 242 (2.8-209.1)°
amoxicilin 10 o) 1.7 (C.6-4.7)
amoxicillin+clavulanic acid 8 2 4.1 (0.9-19.2) 5.1 (0.6-46.6)°
doxycycline 26 12 2.301.1-4.8) 1.4 (0.6-3.6)°
ciprofloxacin 3 0 p=0.50
norfloxacin 1 2 0.5(0.0-5.6)
ciarithromycin 5 4 1.3(0.3-4.7)

analgesics
acetaminophen 71 53 1.6 (0.98-2.2) 1.2 (0.7-2.0)
salicylates »300mg 2 3 0.7 (0.1-4.00
framadol 5 1 5000.6-42.3)

gastro-intestinal drugs
ranifidine 1 3 03(0.032
omeprazole 2 4 05(0.1-2.8)

HMG-COA reductase inhibitors
atorvastatin 3 1 3.0(03-22.3)

ant-arrhythmics
amiodarenes 3 0 p=0.12

vitamin supplerments 4 4 1.00.2-4.00

' Values are numbers. Those drugs for which the number of patients with a relevant change in use was
less than three are not included in the tabla, This concerns fetracycline (1 case / 8 controls),
minccychne (0/1), azithromycein (0/1), cefactor /1), ceffibuten (0/1), piroxicam (1/0). clsapride (1/0),
sirnvastatin (0/1), pravastatin (0/2), gemfitrozl (1/0). cholestyrarmine (1/0), carbarmazepine (1/0),
chenytoin (1/0), miconazole (1/7), fluoxetine (0/2), chiorthalidone (0/1). metronidazole (1/0).

* Co-trimoxazole, amoxicillin+-clavulanic acid, doxyeycline, acetaminophen, age. sex, the number of
INR determinations in the preceding three months, fever, diarrhea, relapse of congestive heart failure,
itness of the urinary tract, change in weight and changs in alcohol consumption were included in the
model.

DiscussioN

We studied the role of drug intercctions in overanticoaguldtion ameng cutpa-
tlents of an cmticoagulation clinic. Half of the 87 polenticdly interacting drugs
or drug classes were not used by the study population and only fiffeen drugs
or drug classes were used by more thon ten patlents. A relevant chonge in
use in the risk period was infrequent. A course of co-rimoxczole and the use
of armoxicilin+clavulanic acid, however, were risk factors for overcmticoagula-
tion. The clinical implication of our findings lies in the possibility of prevention
or early detecton of overcmticoagulation, and thus of bleeding complications,
by considering the use of antibacterial drugs cther thon co-trimoxczole and
crnoxicillin+clavulonic acid. I there is no therapeutic alternative available,
increased monitoring of INR-values is wonranted, i.e. measuring the INR on the
third day after the start of the antibacterial drug and according to this INR three
to seven days thereatter. Our study also suggests that costorninophen is o scde
cnalgesic for patients receiving coumorin cnticoagulomnts.
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Mony drugs postulcted as interacting with anticoagulant therapy on the
basis of case reports and smadl-scale experiments, were not used by our study
population or by less than ten patients. This is o reasswring observation, sug-
gesting that these drugs did not play a major role in overcnticoagulation under
everyday circumsicncees. In addition, a change in drug use cccurred infre-
quently for mcmy of the 87 drugs. Although we could not judge their association
with overcmticeagulation because of the small numbers, this finding suggests
that these drugs only played < miner role in our study population. Our results
regarding the role of drugs in overanticoagulation likely may be generclized
since the kind of drugs used in our population is lergely the sarme oS used in most
other countries.

The types of coumarin used by our study pepulction were rhenprocoumon
cnd acenccoumcrol. In memy countries warfarin is the courmnarin of first choice.
The results of our study, however, will largely apply o these countries as well,
First, interactions of pharmacoedynomic nature on recepior level cccurring with
one anticoagulomt may well apply to another anticoagulant (7). Second, the dif-
ference in halflife between coumncring will only influence the time of onset cnd
the duration of overamticocgulation: (6), but not necesscrily affects the baseline
risk. Third, drugs that intercct by inducing or inhibiting the cytochrome P450
iosenzyme CYP2CS will affect both acenocoumarol end warfarin (20).

Two mechanisms have been suggested for amtibictic-associated hypopro-
thrombinemia (22). First, antibactericd drugs offect the vitamin K status by
eliminating vitommin ¥ producing micro-crgemisms frem the colon. Second, cer-
tain antibacterial drugs directly inhibit the synthesis of the vitomin K-depen-
dent coagulation factors. High-risk amtibiotics are cephalosporing containing the
N-methylthictetrazole moiety. In patients receiving cmticoagulant therapy, co-
trimoxczole may dlso increase the anticoagulomt effect by inhibiting the metalb-
olism of the anticoagulant by trimethoprim (23) or by ncreasing the plasma
concentraticn of free coumarin by sulphamethoxazole (24). The degree of inhi-
bition: of the metabolist may be different for acenocourmncrol and phenprocou-
mon (20). The resulis of our study are in accordance with this theory. The
underlying indication, fever, and cother illnessrelated factors may clse be resport-
sible for an increase in the anticoagulant effect when using cntibacterial drugs.
When adjusting for these potenticd confounders, doxycycline wds no longer
associcted with overanticoagulation. Amoxicillintclovulanic dcid, however,
remcined a risk factor, This difference may be caused by a difference in effect
on the intestinal microflora.

So for as we cre cwere of, epidemiclogical studies on risk factors {or overam-
ticoagulation in a non-selected population under everyday circumstances cre
scorce and were only published for the first fime in 1998. Two out of three ecalier
studies (25, 26) have some limitations, The third study (27) was well-performed,
nowever, changes in drug use were not studied individually. Newly started treat-
ment with potentiating drugs (all combined, half of which cntibiotics) and the
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use of acetaminophen were independent determinonits of an INR >6.0, The latter
finding is in contrast with our study. This may possibly be expliained by the fact
thet we used o four-week risk period, while they only used the preceding week
as potenticd risk period. Anocther difference between the study of Hylek et cl.
cnd our study is that the study population of Hylek et al. used warforin, while
our patients used phenprocoumeaen or acenocoumarel, Besides, we only inchided
stable cases cnd contrels. Lastly, potential confounding by a change in weight,
physical activity, or alcohol consumption, was not taken into account in the
study of Hylek et ol

In conclusion, In this study cmong previcusly stable outpatients of cn antico-
agulction clinic using phenprocoumon or acenccourncrcel drug interactions as
a cause of overanticoaguicton predominanily concerned ontibacterial drugs.
If possible, the use of co-rimoxazole cand cmoxicillin+clovulonic acid should be
avoided in patients on coumarins. If there is no therapeutic aternative avedl-
able, increased moniioring of INR-values is wonranted to prevent overanticoagu-
ledion and poterttial bleeding complications.
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ABSTRACT

Overanticoagulation associcted with

| combined use of antibacterial drugs cnd

coumarin cnticoagulants

Several case reporfs associcted combined use of coumarins and
cntibactericl drugs with overanticoagulation. Despite the fact thot
these drugs are frequently prescribed concurrently, there is little
quembitative information on the risks of such complications. To
study which antibacterial drugs are associated with overcnticoag-
ulcdion during therapy with coumcaring we performed a population-
based cohort study in a samnple of the Rotterdam Study. The sfudy
cohort consisted of all participants who were frected with acsno-
coumarc! or phenprocoumon in the study period from April 1, 1991
through December 31, 1998 and for whom Internafional Normal-
ized Ratio (INE)-dafa were avaiable. Al cohort members were
followed until the first occurrence of gn INR >6.0, the Iast INR-assess-
ment because of the end of their treafment, death or end of the
study period, Dota on antibacterial drug use were obtained fom
regional pharmacies. Of the 1,124 patients in the cohort, 351 devel-
oped cm INR >6.0. Eight antibactericd drugs were multivariately
asseciated with overanticoagulation. Sulfoonethoxcazole combined
with frimethoprimm most strongly increased the risk of overantico-
agulation (RR 20.1; 95%CI 10.7-37.9). Statification showed that
the induction period of overanticoaguiation veried between differ-
ent cntibacterial drugs. Awareness of these drug inferactions and
more frequent monitoring of INR-values during the initicl stages of
antibacterial drug therapy cre warranted to minimize the rsk of
bleeding complications.
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InTRODUCTION

Coumcrin anticoagulonts cre extensively used for the treatment and long-term
pravention of thromboembolic diseases (1, 2). These drugs induce their cmticocgy-
ulant effect by cntagonizing vitamin K, thereby impairing the biological activity
of the vitamin K-dependent coagulation icctors (3, 4). The risk of bleeding, the
main complication of coumarin cnticoagulamnts, is influenced by the intensity of
cnticoagulent therapy (5-9), by the patient’s underlyving clinical disorder (¢, 10},
and by the concomitcmt use of other drugs (2, 11, 12). This risk sharply increcases
when the Internationcl Normcadized Ratio (INR) is >6.0 (13, 14). Growing experi-
ence with cniicoagulomt therapy ond increased understanding of drug intercic-
tions, have reduced the number of bleeding complications (15). Several drugs
com afifect the prothrombin time during oral cnticoagulomt therapy by different
mechomisms (11, 12, 16, 17). During the past decades, momy case regorts asso-
cClated the use of antibacterial drugs with overanticoagulation (18-24). Prospec-
tive studies investigated this association, but these were conducted In young
healthy volunteers, were only able to identity interactions that ocour relatively
frecuently cand were mostly limited to worforin (25-31). A recent case-control
study suggested that cmitibacterial drugs care an important cause of overcntico-
agulatior: (32). In that study, however, daia on drug use came from poatient
interview and the sample size was too small fo study the effect of different anti-
bacterial agents on cournarins. Therefore, we conducted a follow-up study in a
large population-based cohoert to investigote which cntibacterial drugs are asso-
ciated with overanticoagulation during therapy with coumcoins.

MeTHODS

Setling

Daitar were obtained from the Rotterderm Study and from the regional outpatient
anticoagulation clinic. The Rotterdorn Study is < prospective populaiion-based
cohort study of newrological-, cardiovascular-, locomoter- and ophthalrmologic
diseases. All inhabitomts of Cmmoord, a subuwrb of the city of Rotterdamn in the
Netherlonds, aged 55 yecns or over were invited in 199C-1993 to participcie in
the study, The rationdale cnid design of this study have been described elsewhere
{33). The cohort encompasses 7,983 individuals who were all interviewed and
investigated ot baseline. The anticoagulation clinic monitors all inhabitomts of
Ommoord with en indication for anticoagulemt therapy. The choice of anticocgu-
lemt is made by the physician. Prothrombin times cre monitored each one to
six weeks by reference to the INR, dependent on the stability of the anticoagu-
lant level. Doses are adjusted on the basis of the INR of the podient by compu-
terized dose caiculations. For this study data were used from January 1, 1991
through Decemiper 31, 1998, More tham 99% of participants fill their drugs ot
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seven regional phoarmacies, which are fully computerized. Complate daia on
drug use were cvailable as of Jomucary 1, 1991. The pharmaocy derta include the
Anatomical Therapeutical Chernical (ATCr-code (34), the filling date, the total
amount of drug units per prescription, the prescribed daily number of units, cnd
product name of the drugs.

Cohort and outcome definition

The study cohort consisied of all 1,124 porticipemts of the Rotterdean Study.
who were freated with acenocourncrol or phenprocoumon in the study period
between Agpril 1, 1991 cnd December 31, 1998 cnd for whom there were INR-
data from the anticoagulation clinic during their freatment. The steot date April
1 was chosen to enswre that at least 3 months of medication history from the
pharmacy was available for every cohort mermber. The cohort included preva-
lent users of coumcrins on the sterting date and incident users during the study
pericd. All cohort members were followed as of April 1, 19291 for prevalent users
cnd from their first INR assessment for incident users. Both groups were followed
until the first occurrence of on INR >6.0, the last INR-assessment becouse of the
end of their freatment, death or end of the study period, whichever came first.
This means that during follow-up, all study members were anticoagulcied and
regulcaly assessed for their INR. The date on which cn INR 6.0 was encountered
was defined as the index date.

Cofactors

The following baseline patient characteristics were considered as potential deter-
minamits for affecting the response of the INR to coumarin anticoagulants: gender,
age, hepctic dysfunction (defined as serum crninotramsierases > 2x the upper
level of normal), hypoalbuminemia (< 35 g/, mdignoncies, hyperthyroidism,
hypertension (sysiolic bloed pressure >160 mm Hg cnd/or diastolic blood pres-
sure >95 mm Hg or use of antihypertensives), congestive hecarnt icdlure, cnd low
dietary intake of vitarmin ¥ (< 1 ug/kg/day). In additicn, we considered dura-
tion of follow-up and whether the INR measurement on the index date was ecn-
lier than cccording to the INR monitoring scheme. Furthermore, to study the
potenticlly confounding effect of fever or of the indication for treatment we stud-
ied the presence or absence of these feaiures in the medical records of the gen-
eral practitioners. We did this validertion for il cases end a random sample from
the remainder of the cohort who all had keen freated with cmiibactenial drugs
on the index date.

Statistical analysis

Incidence raies were calculcted by dividing the number of cases of an INR >6.0
by the number of days on combined use of a coumndarin anticoagnulemt cnd cn
aniibactericl drug. To assess antibacterial drugs which were independently asso-
cigted with am INR 6.0, all occurring combinations of o coumarin chticoagu-
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lomt cnd cm cnbboctericd drug were included separately in a Cox proportional
hezords regression model for fime-dependent variables to compute relative risks
(RR) and their 95% confidence intervals (CD (35). The model cormpores exposure
to this combination at the index date of each case with that of all subjects in the
cohort who are ot risk for the ouiceme of interest. To adjust for petential confound-
ing, cofactors which were associated with an INR >6.0 in the univariate cncdysis
were included in the multivericte model, in addition: to gender and age, i this
caused a change in the point estimate of more than 5 percent. In order to
study the fime interval between the first treciment day with on antibactericd
drug and an INR-value >6.0, we distinguished twe interveds: 1-3 days cnd >4
days. Stratificcdion by these time-intervals was performed beccuse the induction
pericd differs per mechamism by which cntibactericd drugs may couse overan-
ticoagulation. If possible, siratified cnalyses by the type of anficoogulont were
performed. Moreover, separaie analyses were performed for prevalent and inci-
dent users of coumarin anticoagulomts on the starting date.

Table 1. Characteristics of cases and cohort'.

Cases Total Cohort

. o 3
Variable =351 n=1.124 R (95% Ch
Sex
femcle 174 (50%) 590 (52%) 1 (reference)
male 177 (50%) 534 (483%) 1.44007-1.77)
Age (years, meaon (sc) 73(8) 72 (8 1.04 (1.03-1.05)
55 - 64 years 46 (14%) 218 (209%) i (reference)
65 - 74 years 152 (43%) 496 (44%) 1.28 (C.92-1.76)
75 - 84 years 124 (35%) 40 (30%) 1.85 (1.33-2.58)
= 85 years 26 (8%) 70 (6%) 3.17 (1.96-5.14)
Type of anficoaguiant
acenccoumaro 295 (B4%) 51 (BE%) 1 (reference)
phenprocoumon 56 (16%) 173 (15%) 0.57 (0.43-0.76)
Impacired liver function 3(1%) 12(0%) 3.7501.18-11.9)
Hypoalbuminemic 1 (0.3%) 2(0.2%) 1.76 (0.16-8.30)
Malignancies® 43 (12%) 04 (8%) 1.67 (1.21-2.30)
Hyperthyroidism 12 (3%) 37 (3%) 1.51 (0.85-2.70}
Hypertension 148 (42%) 434 (39%) 1.08 (0.86-1.35)
Congestive heart failure® 83 (24%) 141 (12%) 1.63 (1.27-2.09)
Low Infake of vitamin K 7 (2%) 11 (19%) 3.74{1.76-7.95)

"Veailues are numbers (percentages) unless indicated otherwise,
? Assessed by reference to the index date.
* Univariate analyses of relative risks were perfarmed with o Cox proportional hazards model,
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REesuLts

Of the 1,124 patients in the cohort, 351 developed an INR >6.0 ofter April 1, 1991,
The incidence rate was 6.9 per 10,000 reatment days. Baseline characteristics
of cases and the tolal cohort are shown in table 1. Men ond old patients had o
higher risk of cm INR >26.0. The risk of overanticoagulation was lowest with phen-
procoumon. Hepatic dysfunction, malignancies, congestive hecrt fodlure cnd a
low dietory daily intake of vitamin K were asscciated with an increcsed risk of
cn INR 26.0 in the univaricte analysis. There was no difference in duration of
follow-up between cases and the tolal cohort (mean 559+481 days). The INR

Table 2. Association between overanticoagulation (INR =6.0} and use of anflbacterial

drugs’,
Anflbacterial drug ;:33?59? anh}o 22 irg RRc(r%{)cioeS h. Rgé?i?egi),
Amoxicilin 8 180 320 11.1 (6.4-229) 10.5(5.1-21.73
Armoxicilin & 4 205 18.0 4.6 (1.7-12.4) 51.9-13.9
enzyme inhibitor
Amphotericin 0 11 p=0.89
Azithromycin 0 p=0.95
Cefalexin 0 3 p=0.94
Cefiime 0 2 p=0.95
Cefuroxime 0 4 p=0.93
Ciprofloxacin 0 ¢ p=0.85
Clarithrommyein 3 49 787 11.0 (3.4-35.4) 1.7 (3.6-37.8)
Clindamycin 0 37 p=0.80
Doxycycling 5 268 32.3 42 (1.7-10.2) 4.3 (1.8-10.4)
Erythromycin 0 78 p=0.69
Flucloxacillin 0 25 p=0.83
Norfloxacin 3 66 44.6 10.0(3.1-32.1) 2.8 (3.0-31.6)
Ofloxacin 0 33 p=0.81
Pheneticillin 1 219 02 1.2 (0.2-8.3) 0.2 (0.1-6.D)
Roxithromycin 0 14 p=0.86
Sulfarnethoxazole 11 125 154.7 201 (10.7-37.7) 201 (30.7-37.9)
& timeathoprim
Trimethoprim 2 61 26.8 60(1.4252) 5.6(1.3-23.1)
Vancomycin i 10 15.9 17.7 (2.3138.0)  13.6(1.7-106.8)

' Velues are numbers (percentages) unless indicated otherwise.

® Expressed as the number of cases per 10,000 days on combined use of a coumarin and an
antibacterial drug.

% in this Time-dependent analysls, exposure in cases and controls is assessed on every index date. Asa
consequence, the number of assessments in the reference group is much larger than the number of
individuals. Hence, crude relative risks can not be calculated with the numbbers in this table.

“ 3 none of the cases was exposed, p-values are given instead of relafive dsks.

* Adjusted for sex and age.
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measurement on the index date was ecrlier themn planned in 8.6% of the cases
and in 5.6% of the total cohert (p=0.00%).

Twenty different cntibactericd drugs were used during the study petiod, of
which eleven were not used in cases. Thirty-eight cases (11%) used cntibacterial
drugs on the index date. Incidence 1ates for the individual ontibacterial drugs
are presented in table 2. Fight ontibactericl drugs were univarictely os well
as muttivericdely associated with overanticoggulation. The relative risk vearied
considerably between the different drugs {table 2). Sulfamethoxazole combined
with trimethcprim (co-trimoxazole) most strongly Increased the risk of overanti-
cocgulation. After adjustment for confounding factors the relative risk was 20.1
(95%CT 10.7-37.9). There was no significcmi difference in the frecraency of fever in
cases on antibacterial drugs ond individuals in the rest of the cohort who were
treated with cntibacteriad drugs on the index date. Similarly, there was no differ-
ence in the indication for antibacterial drugs between cases cnd the remainder
cf the cohort (data not shown).

Shaiification by ime-interval revedled that the adjusted relative risks of over-
cnticoagulation by cntibacterial drugs were different for both fime intervals
(table 3). Relative risks could not be established for both time periods for all cmti-
bactericl drugs because overcmticoagnilctdion only occurred in one of the time
intervals for some drugs. For amoxicillin and co-trimexazole, relative risks were
significcmtly increased for both time intervals. When comparing the relative risks
for both time intervals, the cmtibactericl drugs with the highest relative risk 1-3
days after start of use were clarithromycin, norfloxdacin ond trimethoprim. For

Taple 3. Associafions between overanticoagulation (INR 26.0) and use of ontibacterial
drugs stratified by time interval',

Antibacterial drug

RR,, (95% CIY.

RR,, (95% CIY,

RR,, (95% CIY,

ad)

overall 1-3 days >4 days
Arnoxicilin 10.5 (5.1-21.7y 7.2(1.8-29.7) 13.2 (6.6-30.8)
Amoxicillin & 5109139 - 7.3(27-19.9)
enzyme inhibitor
Clarithromycin 11.7 (3.6-37.8) 21.3 (5.0-20.6) 6.3 (0.9-46.3)
Doxycycling 4.3(1.8-10.4) 2.9 (0.4-20.9 52(1.9-14.0)
MNorfloxacin 2.8 (3.0-31.6) 19.3 (4.5-83.7) 5.0(0.7-36.6)
Pheneticilin 0.8 C.1-6.1) - 0.9 (0.1-6.5)
Sulfamethoxazole 20.1 (1G.7-37.9) 16.6 (5.1-54.4) 23.2(10.9-49.1)
& frimethoprim
Trimethoprim 56 (1.3-23.1) 2.0(1.2-67.4) 4.1 (0.6-30.6)
Vancomycin 13.6 (1.7-106.8) - 15.1 (1.9-120.09

' Time interval is the interval between the first treatment day with an antibacterial drug and an INR

=60

* Adjusted for sex and age.
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amoxicillin, doxyeycline and co-trimoxazole relafive risks of overanticoagula-
tion were most strongly increased >4 days after start of the cmtibacteriad drug.

Stratified analyses by the type of anticocgulomt could only be performed for
crmoxicillin and co-frimoxazole. For patients on acenocoumarol the adjusted rela-
tive risk of amoxicilin was 8.0 (95%CI 3.5-18.4). For users of phenprocourmon
the adjusted relative risk of amoxiciilin was 22.4 (95%CI 4.0-126.3). Co-trimoxa-
zole was associated with an adjusted relative risk of overanticoagulation of 17.3
(25%CI 8.6-34.9) in patienis on acenocoumarecl, and 14.3 (95%CI 2.8-73.8) in
pcatients ocn phenprocoumon. Numbers appeared 1o be too small to calculate
risks in prevalent users on the siarting dade. In incident users, risks were largely
the same as in the iotal population (data not shown).

Discussion

The main finding in this population-based cohort study is that several cntibacte-
ricl drugs were associated with a strongly increased risk of overanticoagulation
during oral anticoagulemt thercpy with acenocoumaroel or phenprocoumon. It
is likely thert these results can be extrapeolated fo werfarin, Relative risks veried
considerably between the different cntibactericl drugs, especiclly after stratifica-
tion for the time-interval between start of the antibacterial drug therapy cnd the
rmoment of overcmticoagndation. The strongest risk increase was associated with
co-trimoxazole, This is in line with cn earlier study (32).

Overcnticoagulation may be caused by pharmacokinetic- or phormacody-
nomic interactions between antibactericl drugs cand coumarins. Phaormacoki-
netic interactions may be caused by plasma protein binding displacement of
coumaring or by inhibition of the metalbolism of coumaring. Plasma protein bind-
ing displacement is a rapid and shert-lived effect because the displaced mol-
ecules are rapidly metaboelized. A small but tramsient increase in anticoagalent
effect con occur (16). Usually this mechomnism plays o rminor role compared 1o
other mechcmisms (163. It may be clinically relevant in the elderly, however, in
whorn plasma protein binding decreases (34). Unlike enzyme induction, which
may toke several days or even weeks to develop, inhibition of cytochrome P450
enzymes can occur within two to three days, depending on the eliminertion hed-
life of the inhibited drug (16). Pharmacodynamic interactions may result from
vitamnin ¥ deficiency by elimination of bacterial flora in the gut, and by direct
inhibition of the synthesis of the vitamin X dependent coagulation factors (2. 1&).
Pharmacodynamic mechanisms iake ot least severad days to develop because
of already circulating coagulation factors (16). It has been steted that the corntri-
bution of bacterial synihesis to vitamin ¥ status in mon becomes importcmt only
when the dietcry intake of the vitarmin is markedly decreased (12, 37). Unfortu-
nately, we were not able o investigete this as there were no case patients in our
study with a low dadly intake of vitormin K who had used cmitibacterial drugs.
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A possible difference in risk of overcmticoagulation with the use of ccenocou-
merol and phenprocoumeoen, would be caused by their difference in pharmaco-
kinetic properties, as dcenccourmncrol cmd phenproccumon have a similar effect
on the elimination of bacteridl flora in the gut cnd the direct inhibiton of the syn-
thesis of vitornin K dependent coagulation factors. Especiclly the veniability in
slimination kinetics could couse a difference in the contribution of the metdaiolic
component to the phoarmacokinetic interactions.

For amoxicillin, relative risks were significontly increased during both time
intervals, suggesting that more thon one mechomism may be involved. In the
Iterature, nothing was found about possible pharmacokinetic interactions of cou-
maring with conoxicillin. Hence, the increased risk during the first days affer stort
of amoxiciliin is surprising. When amoxicilin was combined with an enzyme
inhikbitor, however, the relative risk was much lower. For clarithromycin, the rela-
tive risk of overanficoagulation was only significently increased during the first 3
days cfter start of use. This is in accordonce with the litercture in which the most
frequently suggested mechanism is the inhibition of the hepatic cytochrome
PA50 mixed-function exidase system, resuling in o reduced clearance of coumd-
rin emticoagulonts and an increase in s effect (16, 18). For doxyceycline, several
mechanisms have been suggesied, but in all published case reports overantico-
agulction developed within 7 to 10 days (23, 24). Cur data confirm this. For nor-
floxacin it is clear from our results that the rapid phermacokinetic intercctions
are far more importemt thom the delayed pharmaocodynamic cnes. Mechomisms
suggested for nerfloxacin, to Increase prothrembin times cre plasma protein bind-
Ing displacement {16} and inhibition of metabolic clecorance (38). For co-trimoxa-
zole the relative risk of overamticoagulartion was sirongly increased during the
first 3 days of anfibacterial drug therapy as well as thereafter,

Sulfoncommides com strongly displace coumdanin anticoagulonts from  their
plasma protein binding sites (16) ond it has been suggested that co-trimoxazole,
which is metabolized by the CYP2CY isoenzyme, incredses the cnticoagulomnt
effect by inhibiting the metabolism of the anticoagulant (39). The degree of inhi-
bition of the metabolism may be different for acenocoumerol and phenprocot-
mon (40 as acenccoumncrol (like warforing is predominemily metabolized by
CYP2C9 (41).

None of the other amtibacterial drugs examined is metakolized by CYP2C9.
Especially after »4 days, sulfcmethoxazole is probably lcngely respensible for
the increased prothrombin Hmes considering the lower relative risk we found
for trimethoprim alone. Vancomycin will prebably, as a pocrly absorked drug,
mcinty reduce the bacteriad synthesis of vitamin K cnd thereby increase the INR
with a delayed cnset (16). This is compatible with our resulis. However, for vanco-
mycin, as well as for frimethoprim, numbers were too smatl o draw firm conchu-
sions.

Some potential Iimitcricns should be considered in the interpretation of cur
cohott study. Selection kics was probably negligible as we identified all users
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of coumearin cnticoagulants in a defined population cnd because reguicr INR
monitoring makes it unlikely that cases were missed. Also, informertion bids is not
likely as oll data on exposure and outcorme were recorded sirmilarly for subjects
exposed and not exposed to combinations of cmtibacterial drugs cnd coumaorin
cmticoagulomts withoul prior knowledge of our study hypothesis. Potential con-
founding by gender, age, hepatic dysfunction, hypodbuminemia, malignan-
cies, hyperthyroidism, hypertension, congestive hecnt foilure, low dietary intake
of vitamin K, differences in durction of follow-up cnd INR measurement as sched-
uled, was dedalt with in the multivericte analyses. Whether the INR-assessment
on the index date was earlier tham according to plom was taken inic consider-
ation because patients whe are prescribed o known potenticlly hezerdous com-
bination are more likely to be monitored with short intervals. However, neither
adjustment for this nor for the average number of assessments during follow-up
chemged our resulis. Fever may be a confounding foctor as a hypermetabolic
stcte preduced by fever might potenticte the response to coumcrin canticoagu-
lamts, probably by increcsing the catabolism of vitcrnin K-dependent coagu-
lation foctors (2). There was, however, no significant difference between the
frequency of fever in cases on cmtibacterial drugs and indivicduads in the rest of
the cohort who were treated with cntibacterial drugs on the index date. Further-
more, we exciuded confounding by indication as there was no significomt differ-
ence in the indication for antibacterial agents between cases ond the remainder
of the cohort. Moreover, confounding by indication would not explan the varic-
tion in relative risks between antibacterial agents and would occur similerly for
all emtivacterial drugs.

In conclusion, in this population-based cohort study cmong outpcatients of an
cnticoagulation clinic using acenocoumcrol or phenprocoumon, several anti-
bacterial drugs were strongly associcted with overanticoagulation. The onset
of overcmticoagulation after stcrt of cmibacterial drug therapy voried between
drugs. The risk was moest strongly increased by o cowrse of arnoxicillin, clarithro-
mycin, norfloxacin and co-trimexazole. Awcreness of these drug interactions
and more frequent monitoring during the initial stages of antibacterial drug ther-
apy to maintain patients on coumcrins within the recormmended therapeutic
ronges moy minimize the risk of bleeding complications.
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Lifestyle and diet as risk factors for

ABSTRACT The risk of hemorrthage when using coumarin anticoagulants
sharply ncrecses when the International Normalized Ratio (INR)
is »6.0. We performed a case-control study among oulpatients of
cn anticoagulction clinic to identify sociodemographic-, lifestyle-,
and dietary factors related to overanticoagulation. 300 cases with
om INR >6.0 were compeared with 302 randomly selected matched
controls with an INR within the therapeutic zone, Information on
sociodemographic factors, lifestyle factors, and diet, as well as on
potential confounding factors, was collected by interviewing the
patient, from the anficoagulemt medicad record ond through the
general practitioner. Age, sex and level of education were not asso-
ciated with overanticoagulation. Body mass index wds negatively
related to overanticoagulation (OR 2,.37; 95%CI 1.00-5.65, BMI <20
kg/m? vs »25 kg/m?®), a beneath average level of physical activ-
ity was positively related to overanticoagndation (OR 1.61; 95%CI
1.02-2.53) and never-smckers were more likely fo have an INR >6.0
compeared to smokers (OR 1.70; 95%CT 1.02-2.84). Habitual alcohol
consumption, even heavy drinking, was nof related to overantico-
agulation. However, a recent decrease of cicohol intake increased
the rsk of cmx INR >6.0 (OR 2.79; 95%CI 1.21-6.43). In addition,
weight loss cnd a vacation were risk factors for overanticoagu-
lation (OR 2.32; 95%CI 1.03-5.22 and OR 10.67; 95%CI 2.48-45.88,
respectively). Dietary factors were not associated with overantico-
agulation. Increased monitoring of INR-vaiues If risk factors coe
present or avoidance of risk foctors could prevent overanticoagu-
Iation emd potenticl bleeding complications.
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INTRODUCTION

Coumarin onticocagulants are widely used in the prevention of venous end arte-
rial thromboembelistn (1). These drugs induce anticoagulation by antagonizing
vitemin K, thereby impairing the biclogical activity of the vitermin K-dependent
cocgulation factors (actor I, VI, IX and X) (2). Opposite to their benett, stonds
the risk of hemorrthage (3), which is strongly asscocicted with the intensity of
cnticoggulation: cmd sharply incredses when the Interncationcd Normalized Ratio
(INR) is 6.0 (4.5). Such overcmticoagulation should therefore be prevented. This
necessitates identification of risk factors for overcmticoagulation.

Increasing age and ferncle sex have been associated with an enhanced
response to coumcrins: incredsed body weight was inversely related to the
anticoagulcnt response (4). In additicn, weight loss has been shown o result
in decreased factor VI levels (7). A negative associction with facter VI has
been reported for physical activity, smoking, and infake of alcohel (8,9). Besides,
cigarette stnoke and alcohel may nduce or inhibit cylochrome PAS0) enzymes
(10,11). Cytochrome P450 metabolism is alse affected by stress (12). Overantico-
agulation cfter a dietary medification reducing the intake of vitoonin K has been
described (13,14). Factor VII coagulant activity has been found o be lowered by
a diet lower in fat and higher in carbohydrcte cnd fibre (15).

The associdation between overanticoagulation and socicdernographic-, life-
style-, and distory factors in a non-selected population under everyday citcum-
stances, has not been studied extensively. Therefore, we have conducted o
prospective nested case-control study among outpatients of an anticoggulation
clinic, The aim of the study was fo identify sociodemographic-, lifestyle- and
dietcay factors related to an INR >6.0 in previously stable patients. This poper is
one of a serigs of three papers on risk factors for overamticoagnilation. The other
two papers are based on the sarme study and concern drug interactions, cnd
cornorbidity cnd characteristics of anticoagulant therapy.

MeTHODS

Setiting

In the Netherlomds, anticoagulemt thercpoy is monitored by o network of more
than 60 independently operating speciclized anticoaguiation clinics, covering
over 0% of the couniry (16,17). The study was performed at the regional Red
Cross cnticoagulation clinic The Hague, which serves an creda of nearly 700,000
Inhcbitants. All persens in this area with an indication for cmticoagulemt therapy
are referred to this clinic.

Cohort definition
The study cohort consisted of all patients treated with coumcorin cmficoagulants
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at the regional Red Cross anticoagulation clinic The Hague between December
1, 1997 and June 14, 1999. All cohort members were followed until the first cccur-
rence of an INR >6.0, the end of their reatment or the end of the study period

(Le. the day on which the planned number of cases was recruited), whichever
ccane first.

Cases and controls

Sulbjects for the nested case-control study were identified daily from ol patients
with an INR mecsurement on that day. Cases were defined as cohort members
with an INR >6.0. For each case, cne contrel, mearched on target range, was
randomly selected from the cohort members with an INR within the therapeutic
zone {2.0-3.5 or 2.54.0), measwred on the scme day as the case (index day).
Cvercmticoagulation is offen seen during initiction of anticoagulont therapy and
in unstable enticoaguiation. Since this was not our primary interest, only cases
and controls with stoble cmbiicoagulation in the three months preceding the
index dary were eligible. Anticoagulemt therapy is considered effective and scfe
if the patient is kept within the therapeutic zone for meore than two-third of the
time (18,19). Therefore, we defined stable anticoagulation as having at least 66%
of the INRs within the therapeutic zone and no INRs >5.5 in the three months
preceding the index day. To judge stakility, o minimum of three INRs had to be
assessed In the three months preceding the index day. Cases cnd controls with
¢ hospital admission in this pericd were excluded, since information on cntico-
agulemt confrol during adrnission is often not aveailable ot the cnticoagulction
clinic. As we focussed on sudden overanticoagulation, the INR preceding the
assessment on the index day had to be within the therapeutic zone. Patients not
living independenily and those making use of mecls on wheels may be less able
o give relioble cnswers to the questions on diet them persons or couples who pre-
pare their cwn medals. Therefore, they were excluded. Since we were primerily
interested in overcmticoagulation, irrespective of the question whether this was
followed by hemorrhage, patients who presented at the index day with a serious
bleeding complication were excluded because this may promote reccdl bias,

Procedure

The study protocol has been approved by the Medical Ethics Comimittee of the
Erasmus University Medical Center Rotterdam. We plemned o recruit 300 cases
cnd 300 controls to provide o least 30% power to detect o frue odds ratio (OR)
of »2.0 for risk factors having o prevalence of 7% among the controls, using a
P<0.05 to reject the null hypothesis of OR=1.

Informecrtion on seciodemographic factors, lifestyle factors, and diet, as well
as on potential confounding facters, was collected by interviewing the patient,
from the cnticoaguioni medical record cnd through the general practitioner
(GPy. The interview took place within three weeks after the index day ot the pri-
vate address of the patient, making use of structured questionnaires with maodniy
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closed questions. In case the poriner of the patient prepared the meals, this
petson assisted in cnsweting the relevant focd questions when necesscry. The
interviewers were blinded with respect 1o the patient’s case or contrel status and
the specific resecrch hypotheses. This dalse apphed to the GPs. Blinding of the
patients was not fully feasible, since the INR-value is printed on their dosage list.
To obvicte this, in the information letter we referred to the problem of overantico-
agulation in a general sense.

Sociodemographic factors, lifestyle factors, and diet

The sk period was defined as the four-week period preceding the index day.
Especially time-varying changes in factors were expected 1o pose « risk for over-
anticoagulation, but steady factors were taken into cccount as well. Body height
and body weight were mecasured to the nedarest centimeter and the neorest
0.5 kg, respectively. Body mass index (BMID) was caleulated as weight divided
by height squared (kg/m? and categorized as <20, 20 up to 25, and >25. The
podient was asked about his or her level of education {primcry, secondary, or
higher), extent of physical actvity (equal to-, more tham-, or less them persons of
comparable age cnd health status) and smoking habits (non-srmoker, ex-smoker,
or never-smoker and the dadly number of cigarettes, cigars, or pipes smoked).
In addition, chomges in weight, physicol activity, and number of smoked uniis
in the risk pericd were inquired about (no, less, or more and in case of weight
the extent of chomge). Furthermore, it was asked whether the patient had expe-
rienced or had been affected by on impressive life event (e.g. removal, divorce,
retirernent, crimindlity, death or serious iliness of a close friend or relative) in the
risk period. Finclly, an cpen question was posed on occwrences in the risk period
that had not arisen during the interview.

A semicueomntitative food frequency questionnadre including 170 foods and
beverages (among which alcchol) was used o cssess the patient’™s habitual
diet (l.e. as consumed during the preceding year). The guestionnaire has been
validated and proven suitcble for use in an elderly population (20,21). The
pctient was also asked whether the number of alcohol units had chonged in
the risk period (rio, less, or more}, whether excessive drinking (>6 drinks/day)
had occurred in the two weeks preceding the index day and whether his or her
dietary habits had otherwise changed in the risk period cnd if so, what change
occurred. The intake of fat, carbonydrates, fibre, cnd alcohol was computed
using the Duich food composition table 1993 (22). Intckes were categorized on
the basis of tertiles, except for alcohol, the intake of which was categorized as
none, <4 drinks/week, 4 drinks/wesk up to 2 drinks/day, 3 to & drinks/day,
and >6 drinks/day. The vitamin K content of foods, however, is not included in
the Duich food composition table. In order to caloulate the intake of vitcrnin K,
we used dala on concentrations of vitcomin K, (phylloquincne) and viternin K,
(menadquirones: MK4 through MK10) as had been determined in a large variety
of Duich focds ot the Department of Biochemistry emd Cardiovascular Resecrch
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Institute, Maastricht University. The cndlytical method used has been described
in detadl elsewhere (23). For foods consumed in the Netherlomds that had not
been analysed, concentradions had been derived from derta published by others
(24-29). This had net been done for vitamin K, keccuse of scercity of dafa in the
literature, The intoke of vitamin X wos categorized on the basis of tertiles. Since
the absorption of vitomin K is sitongly dependent on the socurce from which
it is optained ond the length of the dliphatic side chain in the mencouinones
(30, the intake was subdivided into vitarnin K|, total viternin K, and oli MK-
subtypes sepcrately. in the Netherlands, main dietary sources of vitamin K| are
green lecty vegeidbles and vedgetable oils. Vitamin K, is present in meats cnd
eggs (MK4 only), and in fish, scquerkraut, cheese, and other dairy products (MK5
through MK10) (31).

Cofactors

A person's BMI, extent of physical activity, smoking cnd drinking habits, and
habitual dist may be related to the presence of chronic comoerbidities. Time-vary-
ing chemges in lifestyle factors cnd diet may be the result of cm acute illness or a
relapse of a chronic cornorbidity; situctions that may be accompeomied by fever
and/or a change In drug use. Since acute illnesses, chronic comorbidities, fever,
cnd a chonge in drug use may also interfere with enticcagulant therapy ond
enhance the response fo coumcaring (32-34), these were considered as potenticd
cenfounders. The associations hetween these cofactors and overcmticoagulation
cre the main subjects of the two cther papers mentioned in the introduction.

Statisticdl anclysis
Sociodemographic-, lifestyle-, cmd dietcory factors related to an INR 26.0 were
identified using univemiate conditionc! logistic regression analysis at first. Since
the unconditional cndlyses gove comparakle resuits but more stotdistical power,
we finally used unconditionad logistic regression cnalysis to compute unadjustec
odds ratios and their 95% confidence intervals (CI). In case a risk factor was
cbsent in either the cases or the controls, a Fisher Exact test was performed
instead. To assess steady sociodemographic-, lifestyle-, and dietory factors (Le.
age, sex, BML level of physical activity, smoeking steitus, and habsitual distory
intake and aloohol consumption) that were independently assecicted with an
INR >6.0, dll factors which were univariately associated of a p<0.1C were
included in a multiple regression model. Beside age, sex. and the numiber of INR
determinations in the preceding three months, comorbidities which were univari-
ately associated with an INR >6.0 were included if this resulted in o change in
cne of the odds ratios of 5% or over, starting with the most potent factor. A com-
porable procedure was followed to assess changes in lifestyle- and dietary foc-
tors during the risk period that were independentily associated with an INR 26.0.
To determine the importomce of the independent risk factors for overanticocg-
ulation in the population, we caleulated the population attributable risk percent-
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ages (PAR%) according 1o the following formula (35): PAR% = AR% * (proportion
of exposed cases), with AR% = ((OR-1)}/0OR) * 100.

Resuits

The nested case-control study included the plonned number of 300 cases with a
medicm INR of 6.8 and 302 controls with a mediom INR of 3.2, Of the cases, 83%
had an INR of 6.0-7.9, 11% had an INR of 8.0-9.9, cnd 6% had an INE of
10.0-15.0 (the upper measurcble INR). The participation caanong cases cnd con-
trols was 78% ond 85%, respectively. Writlen informed consent was obiained
from every palient. The mean intervad between the index day and the interview
was fourteen days, for cases as well as for conirols. Cerdiae disease was the
main indicabon for anticoaguiation. 55% of the cases and &6% of the conirols
used phenprocoumeon, the others used ccenocournarcl.

Table 1. Association between overanticoagulation (INR 26.0) and sociodemographic and

lifestyle factors'.

. Cases Controls OR (95% Cl). OR (95% Ci,
Varicble n=300 n=302 univariate rultivariate
Age (years, meansd) 68.1+£123 682+98 1.000.981.0D

Sex

male 175 (68%) 194 (64%) 1 {reference)
fernale 125 (42%)  108(36%) 1.28(0.92-1.78)
Level of education
higher 1584 144 1 (reference)
secondary 91 100 0.94 (0.59-1.50}
primary 55 57 1.110.72-1.71)
B
> 25 kgfm’ 171 21 1 {reference) 1 {(reference)”
20 up to 25 kg/m?’ 105 80 1.62{1.14-231) 1.74(1.16-2.61)°
< 20 kg/m? 22 11 247 (1.16-523)  2.37 (1.00-5.65)°
Change in weight =2 kg
no change 222 247 1 (reference) 1 (reference)”
weight loss 42 14 3.34(1.78-6.28) 2.32(1.03-522)°
weight gain 8 18 0.49 (0.21-1.18)  0.54 (0.20-1.41)F
Level of physical activity
above average 119 144 1 {reference) 1 (reference)’
average 77 85 1.10¢0.74-1.62)  1.07 (0.65-1.57)°
benecath average 4 &6 1.76(1.18-2.62)  1.61(1.02-2.53)°
Change in physical activity
no change 179 219 1 (reference) 1 {reference)”
less active 92 54 2.08(1.41-3.08)  1.13(0.66-1.95°
more active 28 29 1.18 (0.68-2.06)  0.61 (0.28-1.33y°
Smoking status
srmoker g8 100 1 (reference) 1 (reference)®
ex-smoker 115 144 0.82(0.56-1.18)  0.99 (0.64-1.52)°
naver-smoker &7 58 1.53 (0.99-2.36)  1.70 (1.02-2.84)
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The associations between overcmticoagulation and socicdemographic and
lifestyle factors are shown in table 1. Age, sex and level of education were
not associcted with overanticoagulation. Regording steady lifestyle factors, BMI,
level of physical activity, ond smoking staius were associcted with an INR >6.0.
Patients with a BMI <20 kg/m? had an increcsed risk of cm INR >6.0 of 2.37
(95%CI 1.00-5.65) compared to patients with a BMI >25 kg/m? The correspond-
ing PAR% was 4.2%. For patients with a BMI of 20 up to 25 kg/m? the OR was
1.74 (95%CI 1.16-2.61) cnd the PAR% was 14.9%. In comparison with patients
whose level of physical activity was above average, patients with ¢ beneath
average level of physical activity had an increased risk of overanticoagniletion
(OR 1.61; 95%CI 1.02-2.53, PAR% 12.1%). Neversmokers had cn increcsed risk
of overomticoagnulation: compared 10 srmokers (OR 1.70; $5%CI 1.02-2.84, PAR%
11.9%). Hobitudd olcohol consurmption, even heavy drinking, was not a risk facior
for cveranticeagulation. Recent cccasionad excessive drinking neither was csse-
ciated with overamticoagulation. However, a recent decrease of alcohol intake

Table 1 - continued

Variable Cases Controls OR (95% CI), OR (95% CI),
n=300 n=302 univariate multivariate
Change in armount smoked
no change 280 283 1 (reference)
smoked less 12 8 1.52 (0.61-3.76)
smoked more 6 11 0.55(0.20-1.51)
Alcoho! consumption
none 78 88 1 (reference)
< 4 drinks/week 72 65 1.25 (0.79-1.97)
4 drinks/week up to 2
drinks/day 73 58 1.42 (0.90-2.25)
3 to 6 drinks/day &4 83 0.87 (0.56-1.38)
> 6 drinks/day @ 8 1.27 (0.47-3.45)
Change in amount drunk
no change 226 254 1 {reference) 1 (reference)”
drunk less 42 13 3.63(1.90-694) 2,79 (1.21-6.45)°
drunk more 31 35 1.00 (0.59-1.67) 1.42 (0.74-2.74)°
Occasional excessive
drinking’ 8 15 0.53 (0.22-1.26)
Irnpressive event 124 106 1.30{0.94-1.81)
Vacation 20 2 10.67 (2.48-45.88) «

' Values are numibers uniess indicated otharwise,

? At least once having drunk 26 drinks a day in the two weeks preceding the index day (resfricted fo
patients who habitually drink Jess than & drinks a day).

2 BM, level of physical activity, smoking status, infake of fibre, age, sex, the number of INR determinations
in the preceding three months, impaired liver function and congestive heart fallure were included in the
madel,

® Change in weight »2 kg, change in physical activity. change In armnount drunk, less offen eaten a
dinner, eaten less in general, ecten more fat-rich foods, age, sex. the number of INR determinations in
the preceding three manths, fever, diamhsa, relapse of congestive heart fallure, use of antibactericl
drugs and use of analgesics&NSAIDs were included in the maoael.

*Not computed (see discussion).
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increased the risk of cm INR 6.0 (OR 2.79; 25%CI 1.21-6.43, PAR% 9.0%). Another
time-varying change in lifestyle factor associcated with cn increased risk of over-
anticoagulation was losing weight. Patients with o recent weight loss of of least
two kilograms had an increased risk of 2.32 (95%CI 1.03-5.22). The PAR% of over-
anticoagulation associated with a recent weight loss of at lecst two kilogrcaams
was 8.0% Being less active was only univeariately related to the risk of an INR
>6.0 (OR 2.08; 95%CI 1.41-3.08).

With respect 1o occurrences in the risk period, the experience of an impressive
life event was not associcted with overomticoagulation. Twenty cases and two
controls mentioned having been on vacation. All cases, but neither of the con-
trols had been abroad cnd only three cases had had their INR checked during

Tabie 2. Associafion between overanticoagulation (INR »6.0) and distary faciors'.

. Cases  Contrels OR (95% Cbh), OR (95% Cl),
Variable Nn=300 n=302 univariote mulgrivaricxfe
Vitamin K

> 320 ug/day 102 98 1 {reference)
225 up to 320 pg/day 92 106 0.83 (0.56-1.24)
< 225 ug/day 102 98 1.00 (0.68-1.48)
Fat
> 38 energy% 100 103 1 Geference)
33 up to 38 energy% @4 101 0.96 (0.65-1.42)
< 33 energy% 102 g8 1.07 (0.73-1.58)
Carbohydrates
< 40 energy® 89 110 1 {reference)
40 up 1o 46 energy®% 105 94 1.38 (0.93-2.05)
> 46 energy% 102 98 1.2 (0.87-1.91)
Fire
> 18 gram/day @1 109 1 {reference) 1 (reference)’
13.5 up to 18 gram/day GG 106 112 (0.76-1.65) 1.04 (0.67-1.62)°
< 13.5 gram/day 106 87 1.46 (0.98-2.17) 1.33 (0.84-2.10)°
Change in diefary habits
commencement /
discontinuation of a diet 4 4 1.01 (0.25-4.06)
less often eaten a dinner 45 15 3.40 (1.85-6.25) 1.12 (0.48-2.62Y°
more often eaten a dinner 4 1 406 (0.45-36.29)
eaten more iregular 2 0 p=0.25
eaten less vegetables 4 0 p=0.06
eafen less in general 9 1 9.36 (1.18-74.08) 2.95 (0.31-27.75)°
eaten more fat-rich foods 8 2 4,11 (0.87-19.45) 7.67 (1.38-42.67°
other changes 13 o) 2.26 (0.85-6.02}

' Values are numbers.

* Intake of fibre, BMI, level of physical activity, smoking status, age. sex, the numibcer of INR
determinations in the preceding three months, Impaired liver fupction and congestive heart fallure

were included in the modsel,

* Less often eaten a dinner, eaten less in general, eaten more faf-ich foods, change in weight =2 kg,
change in physical activity, change in amount drunk, age. sex. the number of INR determinations in
the precading three rmonths, fever, diarhea. relapse of congestive haart failure, use of antibacterial
drugs and use of analgesics&NSAIDs were included in the model.
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the vacation. The increased risk of an INR >6.0 was 10.67 (95%CI 2.48-45.88). The
corresponding PARY% was 6.0%.

The associations between overomticocgulation cnd dietary foctors cre
represented in toble 2. Since vitamin K, and dll menaguinones gove compd-
rable results, only the total vitconin K intake is included in the table. For none
of the dietory factors examined (vitamin K, fat, corbohydrates, cnd fibre), habit-
ucd intoke was o risk factor for overanticoaguletion. Especicily major changes
in dietary intake were expected to be relcied to overomticoagulation, chemges
resulting in a decreased intake of vitamin K particulcrly. Of all changes men-
tioned by the pcients, "less often ecten o dinner’, nearly dways as a conse-
quence of having been ill, occurred most often {n 45 cases and 15 controls). It
was, however, only univariately asseciated with on increcsed risk of an INR >6.0.
The same applied to "eaten less in general”, which was mentioned by nine cases
and one conirol. On the contrary, “ecten more fat-rich foods” was an indepen-
dent risk factor for overcnticooagulation, with cn OR of 7.67 (95%CI 1.38-42.67)
cnd a PAR% of 2.3%.

Discussion

We studied the association between overanticoagnilation cnd socicdemographic-,
lifestyle-, and dietary factors. Some lifestyle factors were related to overcmiico-
agulation: BMI was negatively related to overcmticoagulation, a beneath cver-
age level of physical activity was positively related to overcmticoagulation and
never-smokers were more likely 1o have cn INR »6.0 compored to smokers. Fur-
thermoere, o recent decrease of alcchol intake, weight loss, a vacction, and
“eqten more fci-rich foods” appecred risk factors for overcmiicoagulation. The
clinical implication of our findings Hes in the possibility of preventicn or ecaly
detection of overcnticoagulation. and thus of bleeding complications, by paying
special attention to these risk faclors when menitoring cmticoagulation. For
example, fragile and physicdily inactive patients should be monitored more
ccrefully. Similarly, patients should be advised to have their INR checked when
on vacation.

The study populdtion was confined to stably anticoagulated patients because
most cases of unstale anticoagulation omd overomticoagulation occur during ini-
ticttion of therapy. Every clinicicm is awcre of this. Would we not have excluded
unstable patients, we would have found initiction of therapy as most mportamnt
rigk factor for overcmticoagulation, a relatively irrelevemt finding. i would have
been difficult to release more subtle but also clinically relevant risk factors as the
lerge majority of coses would simply occur within the first weeks of teciment
as part of the tiration process during the initiction phase of thercgy. Clinicicms
might be more interested in the risk factors they encounter when their partients
cze on leng-ierm anticoagulent therapy. To gain more insight into such risk fac-
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tors, we focussed on patients who were more or less stcbly cnticoagulated but
suddenly developed cn INR >6.0. Potentiad risk facters were incguired over the
four weeks preceding the index day. Due to logisticad limitations, the interview
tock place up to three weeks dfter the index day. Misclassification of exposure
thus may have been present; o patient may have forgotten things or been mis-
tcken regording the time period in which these cccurred. The meon interval
between overantlicoagulation and interview, however, was similar for cases cnd
controls. Besides, the misclassifcation is assumed to be nondifferenticd, resulting
in a conservative estimation of the association. Recall bias was prevented by
restricting the study population o patients with non-symptomatic overanticoog-
ulation, ie. by excluding patients who presenied ot the index day with a seri-
ous bleeding compliceiion. In addition, in the infoermation letter we referred o
the problem of overanticoagulation in o generdl sense. The exclusion of patients
who presenied cn the index day with a sericus bleeding complication will not
have had a substemticl effect on our results as this concerned onty very few
patients: of the 4476 patients with an INR >6.0 in the study peried, only three
patients presented on the index day with a serious bleeding complication. This
is explained by the fact that a patient with a serious bleeding compliccrtion will
visit the hospital and not the cnticoagulation clinic.

Ex-smckers had the same risk of overamticoagulation compared to smokers.
This unexpected observation arguss for the presence of an unknown confound-
ing factor,

The interaction between dleohoel consumption ond cnticoaguicm? therapy is
complex (36). Large interrmittent doses cause some enzyme inhibition with resul-
temt increased INR, while chronic heavy use (grecter them 60 g/day) causes
enzyme induction resulting in a decreased INR. Intermedicte use (two to three
drinks per day) probably does not alter the anticoagulent metotbolism ot all.
In our study, neither category of habkitual alcohol consumption, nor occasional
excessive drinking in the two weeks preceding the index doy was associcted
with overcnticoagulation.

Having been on vaccation greatly increased the risk of overcmticoagulation.
The concept vacction' is a combination of chonges in lifestyle factors, dietcay
habits, cnd other facters cnd is, in the context of anticoagulation, difficult to
interpret. We did not compute on adjusted CR because this would be meoming-
less. The effect of vacation on cnticoaguiation seerms to be 1esponsible for the
unexpected increased risk of an INR 26.0 in patients who had “eaten more fot-
rich foods”. Of the eight cases who mentioned having “ecten mere fat-rich foods™,
seven dlso mentioned having been on vacation,

Dietary intake did not play a role in overcnticoagulation; o recssuring obser-
vation. Lack of am etffect of habitual dietery intake is plausible, since anticoagu-
lant therapy likely is titrated to a patient's diet. With respect to the absence of an
effect of changes in dietcoy habits, the increase in INR by the dietory modifica-
fion may have been of less magnitude thon defined in our study. Ancther pos-
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sibility is thet the dietory changes were oo small or lasted toc short ¢ fime to
affect emticocignulant therapy. The case reports on distory-induced overcnticoag-
wlation concerned a drastic dietary medification, viz. giving up consuming 750
1o 1000 grams cf liver every week (13,14). Regarding the potential interaction
between dietary factors and overcmticoagulation, it should ke kept in mind thort
not dietory intake, but nutritional status is the real risk factor. The extent to which
intoke is a good proxy of stotus depends on the biocorvadlability of the nutrient in
question. For example, green leafy vegetables have o high vitarnin ¥ content,
but due to tight binding to the thylakoid membromes of the chloroplasts intestinal
absorption of vitomin K is peor (30). Furthermeore, a decrecsed dietary intcke
dees not immedictely resull in a deficient nutritional stodus.

To our knowledge, cnly one epidemiclogical study on risk fctors for overomti-
coagniation in a non-selected populdation under everyday circumstancees includ-
ing lifestyle- and dietcry factors has been published (37). The number of lifestyle-
and dietary foctors studied, however, was stnall: adeohol consumption and the
intake of vitamin K. Subjects with a higher habitudl vitcrnin K consumption,
based on reported weekly intake of twelve vitamin K| rich foods. cnd habitual
moderate consumption of dlccheol were less likely to have cn INR >6.0. We did
not find om association between these factors cnd overanticoagulation, n cddi-
fon, decreased ordl intcke in genercl was an independent determinant of on
INR >6.0 in the study of Hylek et al., while in our study, the increcsed risk was no
longer significant after adjustment for potentiad confounders. An importent differ-
ence between the study of Hylek et al. and owr study is that we only included
stable cases cnd controls. Besides, we assessed changes in the preceding four
weeks, while they used ¢ one-week tisk period. Furthermore, we calculated the
intake of vitconin K from the total diet emd took vitemin K, into account as well.
Lastly, the study population of Hylek et al. used warfarin, while our patients used
phenproccumen or dcenccournarol.

In conclusion, in this study among previously stable oufpatients of an anti-
coagulation clinic, some lifestyle factors were related to overanticoagulation.
Increased monitoring of INR-values if risk foctors cre present or avoidomes of
risk factors, could prevent overcmticoagulation and potential bleeding complicd-
tions.
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 Deficient dietary intake of vitcmmin K
1s associated with an increased risk of
overanticoagulation

ABSTRACT A dietary intake of vitamin K of 1 ug/kg body weight per day
is required for normal functioning of codgulation factors. Possibly,
a deficient intake of vitoonin K is associated with overaniticoagu-
latiocn. We performed a population-based cohort study in a sample
of the Rotterdom Study fo study whether patients with o deficient
dietary infake of vitarmin K have an increased risk of overantico-
agulation (Internctional Normdlized Ratio (INR) >6.0). The study
cohort consisted of all parficipants of whom diefcry infake dota
have been collected and who were freated with coumarin anti-
coagulomts in the study period from the baseline visit of the Rot-
terdam Study (1990-1993) through December 31, 1998. All cchort
members were followed from their bassline visit of the Rotterdam
Study until the first occurrence of an INR >6.0, the last INR-cissess-
ment during the study period, death or end of the study period. The
intake of vifamin K was calculated from the total diet using data
on concentrations of vitamin K, and vitamin K, in foods. An intake
of vitamin K below 1 ug/kg body weight per day was considered
deficient. Of the 772 patients in the cohort, 227 developed an INR
>6.0 during the study period. The number of patients in the totai
cohort with @ deficient dietcry infake of vitamin K was 12 (1.6%).
Of the cases, seven patients (3.1%) had o deficient dietary intake of
vitegnin K. The adjusted relative risk of overanficoagndation associ-
ated with « deficient dietary infake of vitamin K was 9.6 (95%CI
4,0-23.0). To minimize the risk of blesding complications, patients
on orcl anticoagulont therapy should be advised to consume vifa-
min K-rich foods such as green, ledfy vegetables.
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INTRODUCTION

Coumarin anficoagulomts cre widely used in the prevention of venous and
arterial thromboembolisrn (1). These drugs induce anticoagulation by cnfagoniz-
Ing vitcmnin K, thereby impairing the biclogicad actvity of the vitamin K-depen-
dent coagulation factors 11, VI, IX and X (2). Hemorrhage is the most common
adverse reaction to coumarin anticoagulants. Its risk is strongly associated with
the intensity of anticoagulation cand shorply increases when the Internctional
Normalized Ratio (INR) is >6.C (3, 4). For normal functioning of coagnilation fac-
tors, a habitual dietcory intake of vitomin K of 1 ug/kg body weight per day
is requuired (5, 6). Considering the mode of action of coumarin anticoagnicmis,
it is chvious that a low dietary intake of vitcunin K will requite a low-normeal
dedly dose of coumnarins. Because orcd anticoagulant therapy is regulealy moni-
tored cnd the dose of courncrins is adjusted in an individud! on the basis of the
INR, however, there is no reason to assume thot a patient's low habitucl dietcory
intake of vitamin K is associated with on increased risk of overanticoagulation:,

In the literciiure there is only limited informertion on the association between
distory intake of viteanin K and overcmticoagulation. Two cose reports described
overanticoagniation after discontinuation of o weekly consumption of 750 to
1000 greans of liver (7, 8). In a case-control study on risk factors for overanticoag-
ulction, the habitual weekly intake of twelve vitomin K -rich foods was inversely
associated with the risk of overemticeagrulation (9).

We conducted a cohort study in a large population of community-dwelling
elderly to study whether patients with a habitual dietary intake of vitamin K
below the amount required for normat functioning of coagulation factors have
an incredsad risk of overcmticoagulction.

MEeTHODS

Setting

Data were obtained from the Rotterdean Study cnd from the regional outpatient
anticoagulation clinic. The Rotterdam Study is a prospective population-based
cohort study of neurclogical, cardiovasculor, locomotor, cand ophthaimologic dis-
eqses in the elderly. All inhabitemts of Ommocrd, & suburk of the city of Rotter-
dam in the Netherlemds, aged 55 years or over and living in the district for ot
least one yeor were invited in 1990-1993 to participate in the study. The ratio-
nale cnd design of this study have been described elsewhere (10). The cohort
comprises 7983 individuals who were all interviewed and investigated ot base-
line. The regional outpaiient anticoagulation clinic moenitors ol inhabitcmits of
Ommoord with an indication for cmticoagularnt therapy. The choice of cnticoagu-
lemt (phenprocoumon or acenocoumcarcl) is made by the referring physicicm.
The optimal tcrget range of oral anticoagulomt therapy, as recommended by the
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Federation of Dutch Thrembosis Centers, lies between 2.5 and 3.5 INR or between
3.0 and 4.0 INR, depending on the indication for treatment. INR measurements
cre performed at a mean interval of two e three weeks, the interval being six
weeks af o moximum. Dosing of the coumarin is performed by a tecom of specici-
ized physicicms routinely working of the cnticoagulcrtion clinic, with the cid of a
computerized dosing programm. Al laborctory-, clinicad- omd administrative dota
as of 1986 are stored in computerized files. For our cohort study, the dota until
December 31, 1998 were used.

Cohort and ouicome definition

The study cohort consisted of dll participamts of the Rotterdoom Study of whom
dietary intoke data have been coliected cnd who were treated with the couma-
rins acenocoumcarol or phenprocoumon in the study period between the base-
line visit of the Rotterdam Study (1990-1993) and December 31, 1998. The cohort
inchuded prevalent users o baseline as well as incident users during follow-up.
All cohort members were followed from their baseline visit of the Rotterdam
Study until the first occurrence of cn INR 6.0, the last INR-assessiment during
the study period, death or end of the study pericd, whichever came first. In case
o potient had multiple freciment episodes during follow-up, all episedes in the
study period were considered. The date on which an INR >6.0 was encountered
was defined ds the index derte.

Exposure definition

The exposure of interest in this study was habitual dietcry intake of vitamin X,
ond K. A semicucmtitctive food frequency questionnaire including 170 foods
cnd beverages was used to assess the habitudl diet of each perticipant as con-
sumed during the preceding vear. The questionnaire has been validaied cnd
proven suitcble for use in an elderly population (11, 12). In order o calculate
the intake of vitamin K, we used data on concentrations of vitamin K, (phylloqui-
none) and vitomin K, (menaguinones: MK4 through MK10) as have been deter-
mined in a laoge variety of Dutch foeds at the Department of Biochemistry cnd
Cardiovasculcr Resecrch Institute, Maastricht University. The analytical method
ysed has been described in detail elsewhere (13). For foeds included in the food
frequency questionnaire which have not been analysed, concentrations were
derived from data published by others (14-19). This was not done for vitamin K,
becouse of scarcity of datda in the literaiure.

The intake of vitamin X was expressed in ug/kg body weight per day. An
intake below 1 pg/kg body weight per day was considered deficient (5. 6. I
information on weight was missing (n=7), the intake of vitamin K was calcu-
lated by reference to the mean weight of male and ferncle cohort members. For
wormen cn intoke below 72 ng/day and for men on intake below 79 png/cay
was considered deficient.
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Cofactors

A person’s hobitual diet is only one aspect of his or her lifestyle and may be
related to body mass index (BMD), smoking status and aleohel consumption. In
addition, a person's habitual diet mary be related to the presence of cm impcrired
liver function, congsstive heart failure or medignancies. Since the lifestyle foc-
tors cnd chronic comerkidities mentioned may interfere with anticoagulant ther-
cpy and enhonce the response to coumcrins (20, 21), these were considered as
potenticl confounders. Furthermore, we considered the phase of oral anticoagu-
lant therapy on the index date (initiction phase, i.e. day 1 to day 41, or stabilized
phase, ie. »42 days) and, for patients in the stabilized phase, the mean monitor-
ing interval in the three months preceding the index date.

Siatistical cnalysis

The ccohort included prevalent users of coumcaring of baseline os well as inci-
dent users during follow-up. In addition, the moment cn which ncident users
started cnticoagulant therapy differed cnd multiple rectment episodes were
considerad. Consequently, cohort members were not necessarily receiving anti-
coagulent therapy during the whole follow-up. Therefore, a time-dependent Cox
proportional hozords regression model was used o compuie the relatfive risk (RR)
cnd 95% confidence interval (CD of overanticoagulation associcted with a ded-
clent dietary intake of vitamin K. In this model, the stotus of a particular determi-
nomt of the index deote of each case of an INR >6.0, is compared to the status of
this determinamt in all cohort members who cre alive cnd ot risk for the outcome.
The relative risk was adjusted for age and gender, Furthermore, we adjusted for
cdl cofactors which were univariately assccicded with cn INR >6.0 if this caused
a change in the point estimate of more than 5 percent. Population attributable
risk percentages were calculcted with the formula (RR-1)/RR) * 100 * proportion
of exposed cases (22).

ResuLTs

The study cohort consisted of 772 patients, with a mean follow-up of 16504764
days. Necarly 85% cof the patients used acenocourmncrol and the remainder phen-
procoumon. As ol vitcmin K deficient cases used acenocoumarol, no further
distinction is made between the two coumcrins. During the study period, 227
petients developed an INR 26.0. The mecn duration of follow-up in the cases
was 1532+627 days. Baseline characteristics ¢of the cases cnd the total cohert are
shown in table 1. Men and women had a more or less similar risk of an INR
>6.0. Patients of 75 years and older had om increased risk. Furthermore, the risk
of overcnticoagulation was associated with BMI, current smoking, an impaired
hiver function, congsstive heart faflure cnd madignomcies. Patients with on inter-
mediate intake of cloohel tended to have a slightly lower risk of overanticoag-
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Table 1. Baseline characteristics of the cases and the total cohort'.

' Cases Total cohort
Variable a7 n=779
Sex

male 122 (54%) 386 (50%)
female 105 (46%) 386 (B0%)
Age (years, mean (sd)) 707 (6.8) &6 7.1
55 - 64 years 44 (19%) 194 (25%)
65 - 74 years 117 (A9%) 378 (49%)
= 78 years 72 (32%) 200 (26%)
BMI
> 25 kg/m’ 130 (88%) 499 (65%)
20 - 25 kg/m?® 8% (40%) 255 (33%)
< 20 kg/m? 5(2%) 11 (%)
Smoking status
never smoker 58 (26%) 232 (30%)
former smoker 103 (45%) 339 (44%)
current smoker 66 (29%) 199 (265)
Alcohaiinfoke
nene 48 (30%) 225 (29%)
<15 g/day 106 (47%) 366 (47%)
15- 30 g/day 30 (13%) 107 (14%)
> 30 g/day 23 (10%) 74 (10%)
Impaired liver function® 2{1%) 8 (1%)
Congestive heart failure’ 56 (25%) 128 (17%)
Malignancies™ 37 (16%) 85 (11%)

" Values are numibbers (percentages) unless indicated otherwise.

? Defined as serum aminotransferases or bilirubine »2x the upper level of normal.

* Assessed by reference fo the index date.

! A diagnosis of ¢ malignancy prior to the index date or within the first year after the index date.

Table 2. Daily dietary intake of vitamin K (median (interguartile range)) in the cases and
the total cohort,

Variable Cases Total cohort
Alf cohort members n=227 n=772
Intake of vitamin K (ug) 254 (140) 259 (134)
intake of vitamin K (ug/kg) 36(1.9) 350.8)
Intake of vitamin K, (ug) 228 (137) 232 (128}
Infake of vitarnin K, (ug) 25017 26 (19)
Vitamin K deficient pafients n=7 (3.1%) n=12 (1.6%)
Infake of vitamin K (ug) 64 (373 57 (28)
Intake of vitarmin K ug/kg) 0.71 (0.40) 0.73 (0.27)
Intake of vifamin K, (ug) 2030 356 (30
Intake of vitamin K, {ug 159 1021

'Because of the use of medians, the intake of vitamin K, and K, de not add up to the intake of vitamin K,
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ulation but the difference with non-use was not significamnt.

The median daily dietary intake of vitemmin K in the totcd cohort was 259 pg,
or 3.5 png/kg body weight (fuble 2). Subdivided into vitamin ¥, and vitamin K,
the medion ddaily iniakes were 232 ug and 26 ug, respectively. Case patients
had similcr medicn intckes. The number of patients in the total cohort with o
deficient dietory intake of vitcrmin K was 12 (1.6%). In these patients, the medicm
dadly Intake of viteenin K was 57 g, that of vitamin K, was 36 pg and that of
vitcanin K, was 16 pg. Expressing the intake of vitamin K in pg/kg body weight
per day, the inlake ranged from 0.20 to 1.0 pg/kg body weight per day, with o
medicm of 0.73. Of the cases, seven patients (3.1%) had a deficient dietary intake
of vitconin K, with a median intake of 0.71 ug/kg body weight per day. In the
vitamin K deficient cases, the medion daily intakes of viternin K, and vitamin

Tabde 3. The relative risk of overanticoaguiation (INR 26.0) associated with a deficient
dietary intake of vitamin K.

Variable R, (95%CH RR 500 (F5HCIY
Defictent distary intake of vitamin K 9.2 (4.0-20.8} 2.6 (4.0-23.0)
Sex

male 1.0 {reference) 1.0 (reference)

female 1.2 (0.9-1.5) 0.8(0.6-1.1)
Age

55 - &4 years 1.0 (reference) 1.0 {reference)

65 - 74 years 1.0(0.7-1.5) 1.1(0.8-1.6)

=75 yeqrs 1.5(1.03-2.2) 1.7(1.2-2.6)
BMI

> 25 kg/m? 1.0 (reference) 1.0 (reference)

20 - 25 kg/m’ 1.6(1.2-2.1) 1.3(0.9%1.8)

< 20 kg/m? 1.2(0.52.9) 1.0(0.4-2.6)
Smoking status

never smoker 1.0 (reference) 1.0 (reference)

former smoker 1.00.71.4) 1.0(0.7-1.%)

current smoker 1.5 (1.02:2.1) 1.6 (1.05-2.5)

Alcohol intfake
none

1.0 (reference)

1.0 (reference}

< 15 giday 0.80.6-1.7) 1.2(0.8-1.7)

15- 30 g/day 0.6 (0.4-1.07}) 1.0(0.6-1.7)

> 30 g/day 0.8(0.5-1.3) 1.0 (0.6-1.6)
Impaired liver function 6.601.528.7) 2.7 (2.2-43.0
Congestive heart failure 1.6(1.1-2.1) 1.50.1-2.1
Malignancies 2301.63.3) 2.6(1.7-3.8)

' Univariate analyses of relative risks were done with the ime-dependent Cox proportional hazards
regression model. In this model, the status of a particular detemninant of the index date of each case
of an INR >6.0, is compared to the status of this determinant in all cohart members who are alive and
at risk for the autcome. Hence, crude RRs can not be calculated with the numbers In this Table.

* Adjusted for sex, age, ML smoking status, alcohol intake and impaired liver function (missing value
indicators included) af boseline, and congestive heart faiiure and malignancies by reference fo the
index date,
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¥, were 20 ug and 15 pg, respectively. The crude relative risk of overcmticoag-
ulation associated with o deficient dietary intoke of vitemnin K was .2 (95%CI
4.0-20.8) (fable 3). Only in one out of the seven patients with a deficient vitcomin
¥ intake, overanticoagulation occutred within the first week of treatment. After
adjustment for potential confounders the relative risk was 9.6 (95%CI 4.0-23.0).
The population attributable risk percentage of overanticoagulation associated
with o deficient dietary intake of vitcanin X in elderly cutpdatients of an cniticeagu-
lodion clinic was 2.8%. Adjustment for the phase of oral anficoagulant therapy
on the index date did not substantially change the relative risk. For patients
in the stabkilized phase, i.e. reated for of least six weeks, the relative risk was
also adjusted for the mean monitoring interved in the three months preceding
the index derte. The adjusted relatdive risk of overanticocgulation associcated with
a deficient distary intcke in these patients was 7.1 (95%CI 2.7-18.6). The cor-
responding population attributable risk percentage was 2.4%.

Discussion

In this populction-based cohort study, a deficient intake of vitemmin K as calcu-
lated from the total diet using dota on concentrations of vitamin ¥, and vitamin
K, in foods, was associated with a considerably increased risk of am INR >6.0.
Apparenily, when the habitucd distery intake of vitamin K is below the amount
required for normal funcioning of coagulation factors, regular monitoring cnd
adjustment of the dose of coumcarins does not abolish the risk of overanticoagu-
Iction. To minimize the risk of bleeding cormplications, patients on oral anticodagu-
lemt therapy should be advised to consume vitcrnin X-rich foods such as green,
lecty vegeicbles.

In addition 1o the fact that the intake of vitconin K is insufficient for normal
functicning of coagulation factors, patients on coumarins with a deficient dietary
intake of vitemin K are ot increased risk of overcmticoagulation by antibacterial
drugs which may interfere with bacterial synthesis of vitemin K in the colon (23).
The contribution of bacterial synthesis of vitomin K in the colon to the vitcrnin
K status becomes important when the dietcry intoke of the vitamin is markedly
decreased (24, 25). As none of our vitarmin K deficient cases was exposed to anti-
bacterial drugs on the index date, we were not able to confirm the increased
risk of overcmticoagulation by cntibacterial drugs in patients on coumaring with
a deficient dietary intake of vitomin K. If overonticoogulation occurs within the
first week of trectment, it may be causad by a relatively too high sterting dose of
cournciring. In our study, however, this concerned only cne vitomin K deficient
partient and did not explain the increased risk of overcmticoagulation in patients
with a deficient dietory inicke of vitarmin K.

Some potenticl limitations should be considered in the interpreiction of our
findings. Selection bias was probably negligible as we identified all users of cou-
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marin cnticoqgulemts in a defined population and becguse regular INR moenitor-
ing rakes it unlikely that cases ware missed. Informcrtion bias is also unlikely os
all data on exposure and outcome were gathered prospectively and recorded
similarly for all cohert members without prior knowledge of our study hypothesis.
Misclassification of exposure may be present since the habituct distary intoke of
vitarnin K was assessed ot baseline and may have changed during follow-up.
However, misclossification of exposure usuctly leads to o conservative estimate
of the relcdive risk. This suggests that the actual risk of overanticoagulation in
potients with o deficient dietary intake of vitamin K may be higher. Potential
confounding by sex, age, BMI, smoking status, alcohol consumption, impaired
liver function, congestive heort failure, and malignoncies was decidt with in
the multivaricte cnclyses. Similerly, the phase of therapy on the index date
cnd, for patients in the stabilized phase, the mean monitoring intervad in the
three months preceding the index date were considered. Although our study per-
tained to the coumaring ceenocourncrol cnd phenprocoumnort, i is likely that the
resulls con be extrapolated to warfarin because here, vitamin K ploys o similar
role.

In cur study population, cnd in the Netherlands in general, the dietory intake
of vitcomin X is high ond vitaomin K deficiency is rare. Therefore, the public heclih
impact of ¢ deficient dietory intake of vitamin K on overanticocigulation is prob-
ably medest considering the populction attributable risk percentage in eldetly
outpatients of cm anticoagniation clinic of 2.8%. Howsver, in the USA, the meom
dietary intake of viternin K, is much lower and only 80 ug/day in young adults
and 150 ng/day in older adults (26}, In these populations, the occurrence of an
INR >6.0 associated with a deficient dietcry intake of vitamin K, oy concern
many more patients.

In conclusion, in this population-based cohort study, cutpatients of an cnticoagu-
lation clinic with o deficient dietcory intaike of vitcrnin ¥ had an increased risk of
overanticoagulation. Since overcmticoagulation is associcted with on increased
risk of hermorrhages, patients on oral anticoagulont theropy should be advised
to consume vitarmin K-rich foods such as green, lecdy vegetables.
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COAGULANT LEVELS IN
OVERANTICOAGULATION







AsstRACT

Levels of vitamin K-dependent pro- and
anticoagulant proteins in
overanficoagulated patients

Coumarin anlicoagulants impair the biological activity of the vita-
min K-dependent pro- cnd cnticoagulant proteins. There are no
reports which focus on the levels of these profeins in overcmticoagu-
lated partients. Therefore, we determined the levels of lacior II, VII,
IX and X, protein C and S in 25 randomly selected overanticoagu-
Ieted patients (Interncationcal Normalized Ratio (INR) 26.0) and in 25
muarfched controls with an INR within the therapeutic zone. Further-
more, to study o possible effect of the cause of overanticoagulation,
coagulant levels were compared between 16 overanticoagulated
patienis with fever in the preceding two weesks cnd 24 overantico-
agulated patients with stable congestive heart failure. The patiern
cf procoagulant level reductions in the three groups of overanti-
coagulated pctients was largely the same as in controls: foactor
X was the lowest and factor IX the highest, The difference was
that in everanticoagulated potients factor VI was relatively low
among the procoagulant factors compored to controls. Profein
C was lower than protein S in overanticoaguloted patients with
congestive heart failure, but was similar to protein S in the other
study groups. In overcmticoagulated patiernits with fever, the vita-
min K-dependent coagulation proteins except factor X were signifi-
cemtly Iower than in overanticoagulated potients with congestive
heant fadlure, especially factor VI and protein S.
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INTRODUCTION

Coumarin anticoagulomts induce anficoagulation by antagonizing viicmin K,
thereby impairing the ycarboxyiction and consequently the biclogical activity
of the vitconin K-dependent pro- and anticoagulomt protems (factor 11, VIIL IX cnd
X, protein C cnd S) (1). The rate of disappecrance from the plasme of these pro-
feins is determined by their half-lives, which remge from 5 hours for factor VI to
@6 hours for factor 11 (2).

A number of studies has been done on the extent to which the different vito-
min K-dependent procoagulant factors are depressed in patients on long-term
oral anticoagulant therapy at therapeutic levels of cnficcagulation (3-6): foctor
X is most strongly, and factor IX is least strongly reduced. However, to our know-
ledge, there are no reports which focus on the levels of these factors in over-
cnticocgulcied patients. Therefore, we determined the levels of factor I, VI,
IX and X, protein C ond $ in a subset of patients who perticipated in a prospec-
tive negsted cass-control study on the associction between overanticoogulation
cmd characteristics of anticoagulant therapy and comorbidity. Coagulant ievels
were compared betweesn o random sample of overcmticcagulcoted potients
(International Normalized Ratio (INR) >6.0) cnd matched controls with an INR
within the therapeutic zone (2.0-3.5 or 2.5-4.0). To study a possible effect of the
cose of overcnticoagulation on coagulant levels, overanticoagulated potients
with fever were compared to these with congestive heart fadlure.

METHODS

Setting

The present study is part of ¢ prospective nested case-control study on the asso-
ciction between overanticoagulation cnd characteristics of anticoagulant ther-
apy cnd comorbidity performed at the regional Red Cross anticocgulation clinic
The Hague (7). In short, cases with cn INR 26.0 were compared with randomly
seiected controls with an INR within the therapeutic zone (2.0-3.5 or 2.5-4.0,
depending on the indication), mctched on index day and toarget ramge. Coses
cand conitrols had {o be stably anticoagulated in the three meonths preceding
the index day and the INR preceding the assessment on the index day had to
be within the therapeutic zone. Information on choracteristics of cnticoagulemnt
therapy, comorbidity and potential confounders in the four weeks preceding
the Index day was collected from the anticoagulont medical record, through
the generdl practiiicener cnd the pharmacy, and by interviewing the patient.
Patients on acenocoumarel dppeared to have an increased tisk of cn INR >6.0
compeared to patients on phenprocoumoen. Regarding comorbidity, impaired
liver function, congestive heart failure, dicorhea cnd fever turned out to be risk
facters for overcmticoagulation (7).,
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Patients

For the present study four groups were selected from the lcrger nested case-con-
trol study: group 1. 25 ramdomly selected overanticoagulated patients: group
2, 25 matched controls, group 3, 16 overanticoagulated patients with fever in
the two weeks preceding the index day, but with none of the following chronic
comorkidities that are suspected to interfere with cniticoagulant theropy (8-11):
impaired liver-, bilicoy- or poncredtic function, impaired gastro-intestinal absorp-
tion, congestive hecrt fcdlure, hyperthyroidism, or a medignoney; group 4, 24
overanticoagulated patients suffering from congestive hecrt fcilure, but with
none of the ollowing acute risk factors for overanticoagulation (7, 12, 13) in the
four weeks preceding the index day: fever, diarrthea, a change in the use of
potentially interacting drugs, a change in the number of alcochol units omd o
vocation. The patients with congestive heart failure had been in a stable condi-
tion in the four weeks preceding the index day, ie. no relapses had occurred
in this period. Fever cnd congestive heart failure were studied as causes of over-
anticocgulation beccuse for these risk foctors a sufficient number of patients
fulflled the gbeove mentfiched inclusion criteria. Furthermeore, the mechcmism
by which overanticeagulction is caused is different for these risk factors. The
randem scanple of overanticoagulcied patients (group 1) included five patients
with fever and three patients with congestive hecrt faiture.

Laborciory methods

For the nested case-control study, subjects were identified daily from all patients
with om INR measurement on that day, For this measurement, venous blood was
collected in 3.2% sodium citrate tubes. The prothrombin fime was measured in
plasma, obtained by centrifugartion ot 3000 rom for 10 minutes, on cn Elekira
1890 C automated coagulometsr with a humaon recombinamt tissue facter throm-
boplastin (RecombiPlastin, mstrumentotion Laboratory . Breda, The Netherlemds)
with an Internciional Sensitivity Index between 0.93 and 1.00 during the study
period, acceording te the different batches used. After determining the INR, the
plasma wos stored ot -80°C until use for the present study. The pro- and antico-
agulant proteins were determined af the depariment of Hemcariology. Erasrmus
University Medical Center Rotterdam on a Sysmex CA-1500 cutomated coagu-
lometer (Dade-Behring, Brussels, Belgium). The levels were measured by func-
tional ocne-stage clotting assay using immuno-depleted plasma (Biopool, Kordia,
Leiden, The Netherlcmds) with Thromborel®S (Dade-Behring, Brussels, Belgium)
for foctor 1T, VI cnd X, and Platelin®LS (bioMérieux, ‘s-Hertogenbosch, The Neth-
erlemds) for factor VII cnd IX. The levels of profein S and protein C were deter-
mined according to the nstructions of the momufacturers, i.e. Roche Diagnostics,
Almere, The Netherlomds and Instrumentation Laboratory, Breda, The Nether-
lands, 1espactively. Fibrinogan wes assessed according o Clauss (Dade-Behring,
Brussels, Belgium). The interassay (intra-assay) coefficients of variation of the
assarys of factor I, VI, VI, IX and X, protein C and S, and fibrinogen cre 3.3%
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(4.8%), 2.1% (8.0%), 2.8% (6.5%). 1.3% (6.2%), 3.0% (4.5%), 1.7% (4.2%), 4.7% (9.5%)
and 1.9% (4.3%), respectively. Factor VII cnd fibrinogen were only determined
in the latter two study groups to differenticte between ccute fever and chronic
congestive heart failure as causes of overanticoaguiation. Normal values of
foctor VII and thrinogen core 0.60-1.40 U/mi and 1.5-3.6 g/1, raspectively.

To compare the balance between coagulation and anticoagulation between
study groups, the ratic of the mecm of the procoagulant factors I1, VI, IX and X io
the mean of the cmticoagulomt proteins C cnd S was calculated for each patient
in addition to the individudd coagulant levels.

Stedistical analysis

Comperisons between study groups were conducted by Student's ttest or by
Monn-Whitney U test in case of non-normally distributed variables. Paired Stu-
dent’s ttest or Wilcoxon matched pairs signed ramk sum iest were used for
compcarisons within study grougs. The compcarisons within cnd between ran-
domly selected overcmticoagulated patients end matched controls were also
periormed separately for users of acenocourncarcl and users of phenprocoumon.
We did not perform stratified analyses in overanticoaguloated patients with fever
and overcnticoagulated patients with congestive heort failure, because of smalt
numiers in either of the sitrata. Instead, comparisons between groups were
adjusted for the type of anticoagulont in a multivariate lineor regression model.
Aldl tests were two-sided with rejection of the null hypothesis ot a p-value <0.05.

REesuLrs

We compared the coagulant levels between randomly selected overanticoogu-
lated pcdients, who had a mediom INR of 7.0, and matched controls, who had
a median INR of 2.9. The cheracteristics of these two study groups are listed in
toble 1; age. sex and the type of anticocgulant did not differ significantly. The
levels of factor I, VII, IX cnd X, protein C and S in the randomly selected over-
cnticoagulated potients and matched controls cre shown in table 2. Since the
medicn and the meon of the majority of variables differed only slightly, for
ease of interpretation mecn values cre given in the table. As expected, all viia-
min K-dependent coggulction proteins were much lower In the overanticoagu-
lated patients compeored to their controls. This was cbserved with the use of both
acenccoumarol cnd phenprocoumon (daia not shown). The absclute difference
in mecn level ranged from 0.04 for factor X to 0.17 for factor IX; the relafive dif-
ference rcmged from 36% for factor X to 58% for factor VIL The ratio of the meon
of the procoagulant factors 11, VI IX and X to the meom of the cnticoaguiant pro-
teins C cnd S was the same in overcniicoagulated patients and controls (medicm
(intercrucrtile remge) 0.72 (0.28) and .72 (0.12), respectively). So, cn avetage,
the procoagulant factors end the anticoagulant proteins were lowered by the
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Coagulant levels in overanticoagulation

same percentage in the overanticoagulated patients and their controls.

In both study groups, of the proceagulant factors, factor X was the lowest and
factor IX the highest; the anticoagulomt proteins C and § were similor, The differ-
ence between the two groups was that in controls factor VI was significently
higher than factor II, whereas in cveranticoagulated patients factor VI was rela-
tively low among the procoagulomt factors compared to contrels and similar to
factor I When strafifying for the type of anticocgulemt, in controls using phen-
procoumoen ol precoagulant factors differed significantly from ecch other (factor
X<II<VII<IX), but in conirols using acenccoumarol factor I cnd VI were similar.
In overcnticoagulated patients, with the use of phenprocoumon factor Il cnd VI
tended 1o be similcr (p=0.08) and when using acenocoumearol factor 1T omd VI
and factor VI cnd X were similer (data not shown).

Table 1. Characteristics of the study groups'.

Conirols Random Cases with Cases with
Variable cases fever heart failure
(n=25) {n=25) n=16) n=24)

INR 290Q7 7.0(1.3) 7009 6.8 (1.8
Age (years) 71.0(11.5) 73.0010.0y 725(19.5) 765(11.5)
Sex

male 18 (72%) 14 (56%) 7 (44%) 15 (62%)

fermale 7 (28%) 11 (44%) G (56%) 9 (38%)
Type of anticoagulant

phenprecoumaon 14 (56%) 15 (60%) 5(31%) 16 (67%)

acenocoumarol 11 (44%) 10 (40%) 11 (69%) 8 (33%)

'Values are medians (interquartile ranges) or numoers (%).

Table 2. Levels of factor I, VI, IX and X, protein C and S (U/ml) in randomily selected
overanticoagulated patients and matched controls'.

Variable Controls Randormn cases
(n=25) {(N=25)

Factor | 0.18 (0.04)° 0.10 Q.05
Factor Vil 0.24 (0.077 0.0 (0.06)
Factor IX 0.38 (0.09) 0.21 (0.09°
Factor X 0.11(0.03y° 0.07 (0.03)°°
Protein C 0.32 (0.08) 018 (.12
Prctein § 0.30 (0.08) 0.14 (0.10y°

"Walues are means (S0).

® p<0.001 X versus Il, 1L versus VI, and Vil versus IX within condrols.
° p<0.001 X versus | and VIl versus IX within random cases.

° p<0.05 X versus Vi within random cases.

¢ p<0.001 random cases versus controls,
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The patiern of level reductions was dlso studied in overanticoagulated
potients with fever and in those with congestive heart failure. The INR, age and
sex were similor in these two study groups, but the type of anticodgulont was
different (table 1), As shown in table 3, In both groups of overanticoaguiloted
patients, foctor X was the lowest, factor I¥ the highest, and factor VI and I were
similcr, as was found in the randemiy selected overanticoagulated patients. Pro-
tein C waos lower thom protein 5 in overanticoagulated patients with congestive
hecnt fodlure, whereos protein § was relatively low and similor to protein C in
overcanticoagulated patients with fever.

When comporing coagulont levels ketween overamticoagulated patients
with fever cnd those with congestive heant failure, factor I, VIIL and IX, protein C
cnd 5 were significomtly lower in overanticoaguicted potients with fever Jable
3, p-values adjusted for the type of anticoaguloemt). The difference was most
proncunced for factor VI end protein S. Factor X, as well as factor VI and
fibrinogen, was similar in overcnilicoagulated patients with fever and overanti-
coagulcied patients with congestive heart fodlure. The ratio of the mean of the
procoagulent factors I, VII, IX cnd X to the mecm of the anticoagulant proteins
C and S tended to be smaller in overanticoagulated patients with congestive
heart fcilure (medicm {interquartile range) G.55 (0.40) versus 0,68 (0.48) in over-
cnticoagulcted patients with fever; p=0.07, after adjustment for type of cmtico-
aguleni).

Table 3. Levels of factor I, VIL VI, IX and X, protein C and § (U/miy and fiorinogen (g/l) in
overanficoagulated patlents with fever and overanticoagulated patients with
congestive heart failure'.

Varicble Coseé‘.n\zi]‘rg)fever Cases wigr:zgi?ﬁ failure
Factor ll 0.10 Q.05 014 Q.07
Factor VI 0.09 (0.03) 0.15 Q.07
Factor X Q.15 Q.05 0.20 (0.08)°
Factor X 0.06 (0.02)" 0.07 (0.03)°
Protein C* 0.12 (0.09} 0.16 (0.05)**
Protein § 0.14 (0.07) 0.26 (0.09)°
Factor VIE 1.31 (0.33) 1.22 (0.38)
Fibrinogen® 409 {0.94) 4.08 (0.67)

' Values are means (S0).

* Missing in 3 cases with heart failure.

* Determined in 13 and 22 cases respectively.

7 <0.01 X versus [l within cases with faver.

® p<0.05 X versus VIl within casas with fever,

© p<0.01 VIl versus IX within cases with fever.

 p<0.001 X versus I, X versus VI, VI versus IX, and € versus § within cases with heart fallure.

“ p<0.05 cases with heart faiture versus cases with fever, adjusted for type of anticooguiant,

' p<0.01 cases with heart failure versus cases with fever, adjusted for type of anficoaguliant,
?p<0.001 cases with heart fallure versus cases with fever, adjusted for type of anticoagulant,
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Discussion

We compared the levels of factor I, VI IX and X, protein C and § between ran-
domly selected overcmticoagulcted patients INR >6.0) and matched controls
with an INR within the therapeutic zone, Except for {actor VI which was rela-
tively low among the procoagulant factors in overcnticoagulated patients, the
pattern of level reductions was the same: foctor X was the lowest, factor IX the
highest and protein C and S were similar. To study a possible effect of the cause
of overonticoagulation on coagulont levels, overanticoogulated patients with
fever were compcred to those with congestive heart {ailure. The pattern of level
reductions in these twe groups of overanticocgulated patients was largely simi-
lor cmd the scane as that observed in the randomly selected overamticoagulated
pctients. The only difference was that protein C was lower than protein S in over-
anticoaguicted patients with congestive hecrt fadlure, In overcnticoagulated
patients with fever, the vitamin X-dependent coaguiction proteins except factor
X were lower than in overanticoagulated patients with congestive hecart fadlure,
especiaily facior VI and proigin 5.

The pattern of precoagulaemt level reductions found in our controls is in accor-
dance with other studies (5, 6, 14). The absence of ¢ difference in foctor I and
VII in controls on acenocoumoarol may be explaned by the fact that blood was
collected 12-18 hours after drug intake. With the use of acenocourncrol, due 1o
its short hadf-life, factor VI fluctuates and about 16 hours affer drug intake the
level is lowest (15). Besides, the stratified cnalysis was based on relatively smcll
numbers.

All overantficoagulcted patients were stably anticoagulated in the three
months preceding the index day. Furthermore, the INR preceding the assess-
ment cn the index day was within the therapeutic zone, So, in «ll potents
the overanticoagulated state was more or less acute, irespective of its cause.
Consequently, of the procoagulent factors, factor VII was expected 1o be most
depressed becouse of its shortest half-life. This is confirmed by our observation
that foctor VIL was relatively low and similar 1o factor Iin all overcnticoagulated
patients. Analogously, cne would expect protein C 1o e lower than protein 5 in
acute overanticoagulation. Howevert, in overanticoagulated patients with fever
ond in the randomly selected overanticoagulated patients, two-third of whom
had an acute risk factoer for overanticoagulation, protein S was as low as protein
C. This moay be explaned by can additiong] decrease in the percentage of free
ond functionally active protein § as ¢ consequence of an incredsed plasmd level
of C4b-binding protein, an acute phase protein to which protein § binds (16, 17).

To our knowledge, no studies have been reported yei which focus on the pat-
tern of coagnulemt level reductions in overcnticcagulated patients. In cm article
of Makris et cl. on oral anticoagulont reversat (14), levels of facter IT, VIE, IX and
¥ in warfarin-treated patients (including 11 overanticoaguiated patients with o
medicm INR of 14.0 (interquertile ramge 7.4)) are described. Although not explic-
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itly stoted, in their overanticoagulated patients factor IX was the highest and
ferctor I end VI were similer, o5 we found in owr podients. On the contrary, i
their patients the level of focior X did not differ from the levels of facter II and
VII. Possibly, the lower procoagulcnt levels in the overcnticoagulated patients
of Makzis et al. as compared to ours or the different type of anticoagulant cre
responsible for this difference in results.

Factor VII cnd fbrinogen were included as acute phase resgonse morkers
to differenticie between ccule lever and clwonic cengestive heart fodlure as
causes of overanticoagulation. However, they did not differ between the two
study groups cnd were also high-normal in overamticoagulated patients with
congestive hecrt fadlure. An elevated plasma level of fkbrinogen in patients with
congestive heart failure compared to controls has also been reporied by Cooke
at al. (18). High factor VI levels are compatible with congestive heart failure
due to ischemic heart disease (1%, 20). The vilcmin K-dependent cocgulction
proteins were lower in overanticoagulated patients with fever them in overcmtico-
agulated potients with congestive heort failure, This may have to do with the dit-
ferent mechanisms by which overanticoagulation is coused. Fever increases the
clecoamee of coagulation factors (10). In congestive hecat failure unbound cou-
marin accumuicates dat the site of hepatic receptors resulting from redistribution of
body wectter (11). Besides, the synthesis of coggulation factors may be mpodred
due to liver congestion (10). Becouse of already circulating coagulaiion proteins,
interference with their elimination by fever will reduce coagulation levels faster
tham interference with the synthesis of coagulaticn proteins in congestive hecrt
faiture. The large difference in protein 5 may addiionally be explained by the
effect of fever or inflamrnation on the plasma level of Cdb-binding, as mentioned
ecrlier. The ratic of the mean of the procoagulant faciors to the mecm of the
anticoagulant proteins, in other words the balcnce between coggulation and
anticoagulation, was similar in conirols, ramdomly selected overanticoagulated
patients and overanticoagulated patients with fever. The smclier redio, e, dis-
balonce tfowards cnticoagulation, in overcmticoagulated patients with conges-
tive heart fadlure is the result of the relatively high level of protein S in these
patients. As a consequence of the disbalonce towards cnticoagulation, overan-
ticoaguiated peartients with congestive hecrt failure might be ot increased rigk of
bleeding.

In conclusion, in overanticoagulated patients INR >6.0) the pattern of coagu-
lomt level reductons was icogely the some as in contrels with cn INR within
the therapeutic zone, except for factor VII which was relatively low. In overcmiti-
coagulated patients with fever, the vitamin K-dependent coagulciion proteins
were lower thon in overanticoagulated patients with congestive heart failure,
especially factor VI and protein S.
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QLUALITY OF ORAL
ANTICOAGULANT THERAPY;
PHENPROCOUMON VERSUS
ACENOCOUMAROL







Phenprocoumon is superior to
acenocoumarol in oral anticoagulant
herapy lasting six weeks or more

ABsTRACT Long-acting coumcaging have advanfages over acenocoumarol.
However, it is not known whether this aisc applies to the initiation
phase of therapy. We perfoermed a cohort study among 7740 newly
enrolled patients of an anficocguiation clinic and compared the
quality of oral anficoagulont therapy between phenprocoumon
and acenoccoumaro! in three phases of therapy: the initiation phase
(day 1 up to day 31), the short-term phase (day 32 up o day 122)
and the long-term phase (day 123 up to day 365). In the short-
term phase and especiclly the long-term phase, patients on phen-
procoumon were more likely to spend ot least 70% of the time
within the therapeutic zone, to have no International Normalized
Rartios (INR) 26.0 and fo have no INRs <2.0. Furthermore, their INRs
were closer to the target INR and their interval of moniforing was
Ionger. In the initiction phase, however, the guadilty of oral anti-
coagulant therapy was slightly better with acenocoumcrol. The
percentage of patients with a major hemorrhage did not differ sub-
stanticlly between the two types of coumarin. In conclusion, for out-
patients of an anticeaguilation clinic phenprocoumon seems to be
preferred. Only in case a patient needs oral cnticoaguloant therapy
for a short ime (<6 weeks), acenocoumarol might be considered.
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INTRODUCTION

Coumarin cniticoagnlemis are widely used in the prevention of venous and arte-
rial thromboembolism (1), These drugs induce anticocgulction by cntagonizing
vitermin K, thereby impcdring the biclogical cctivity of the vitormin K-dependent
coagulation facters I, VI, IX and X (2). In contrast to this benefit, they carry a
risk of hemorrhages (3}, which is strongly associcted with the intensity of antico-
agulation cnd sharply incredases when the International Normalized Ratio (INIR)
is >6.0 {4, 5). An INR <2.0 is associcted with o higher thromboembolic risk (5).
Anticoagulant therapy is considered effective and scde if the patient's INR is kept
within the therapeutic zone (2.0-3.5 or 2.5-4.0, depending on the indication (5,
6, 7)) for as much of the time as possible (8, 9). Hence, adegucte monitoring
of onticoagulant therapy is important. To this purpose, the Netherlonds have
a nctional network of experienced canticoagulation clinics, using « specialized
system of monitoring (10, 11). Two types of coumearin are used: phenprocoumon,
which has a half-life of 65 to 170 hours, and acenocoumarcl, which has o holf-life
of 8 to 12 hours. Wenfarin, which has o holf-life of 10 fo 45 hours and s the cou-
moerin of first choice in many countries, is not licensed in the Netherlcmds (12).

Three studies have suggested that the use of phenproccoumon or warforin
glves a more stable cnticoagulation thon the use of acenocourncrol (13-15).
This mary be explained by the large fluctuctions in plasma levels of factor VI
nduced by acenccoumcarol because of its short halflife (16, 17). In the study of
Patiacint et al. (13), the higher cuctity of orcd cmticoagulont therapy with weorfo-
rin was absent in the subgroup with venous thrombosembolism. An exploncation
wars sought in the sherter treatment period, since in the beginning of therapy
instability of the INR occurs with i coumncrins. In this study, however, the one-
vedar follow-up started on average 100 days after the beginning of therapy, while
the inftiction phase is usually defined as the first month of trectment.

In view of these contradictory resulls, we performed a cohort study among
newly enrolled patients of an anticocgulation clinic in which we compared the
quality of oral eniticoagulemt therapy betwesn phenprocoumon and acenocou-
rarol in three phases of therapy. By including a large number of newly enrolled
pciients treated in one clinic, experienced in monitoring oral emticoagularnt ther-
cpy with both drugs, we aimed ot crriving at highly relicble estimcrtes.

MeEeTHODS

Setting

The study was performed ot the regional Red Cross anticoagulation clinic The
Hague, which serves an cored of necaly 700,000 inhabitents. All persons in this
area with an indication for emticoagulemt therapy are referred to this ¢linic, Each
vear, gpproximetely 15,000 patients are monitored. INR measurements cre per-
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formed ot o mecm interved of two to three weeks. Albout 60% of the patients are
frected with phenprocoumon ond ciout 40% with acenccoumarol, the choice of
courncrin being determined by the preference of the prescriber (1.e. the general
practtioner or physician). All laboratory-, clinical- ond administrative dota as of
1984 are stored in computerized files. For our cohort study, the data until Septem-
ber 1, 1999 were used.

Cohort definition

The study cohort consisted of patients who were newly referred to the regional
Red Cross anticoagulation clinic The Hague between Joanucoy 1, 1997 and Sep-
termber 1, 1999 because of the following indications: prosthetic hecat valve, oiricd
filorillation, myocardial infarction, coronary bypass, vascular surgery, pulmo-
ncry ambolist, deep venous fhrombosis end short-term prophylactic reatment,
Hereby, we excluded indications for which there were less than 50 users of either
phenprocoumen or acenocourmarol. Furthermoere, patients were excluded if their
target zone differed from the usual ones and in case monitoring of the INR started
more than two weeks after referral. In the latter situation, cutpatient therapy was
often: initicted cnd monitored elsewhere, for exarnple ot the rehabilitation clinic.
Cohort members were followed for 365 days, sterting from their first INR measure-
ment. Follow-up ended ecarlier in the following situations: end of study period,
end of therapy, change of coumarin, change of target zone ond change of
indication. Since the quality of oral anticoagulant thercpy can only be judged
relicbly in case of regular monitoring, follow-up dlso ended when the interval
between INR dssessments exceeded 42 days. Similcaly, patents with less than
three INR measurements during follow-up were excluded.

Monitoring of oral anticoagulant therapy
Venous blood was collected in 3.2% sodium citrate tubes. The prothrombin time
was medsured in plasma, obtained by centrifugation at 3000 rpm for 10 minutes,
cn cm Elektra 1800 C cutomated coagulometer. Frorm Jomueary 1997 until Octo-
per 1997, an Elekira 1600 C was used. The fhromboplastin used was a human
recombincmt tissue foctor (Ortho® RecombiPlasting with cm Internctional Sensitiv-
ity Index between 0.93 and 1.00 during the study pericd, according to the differ-
ent batches of thromboplastin used. Prothrombin times were expressed os INRs.
Desing of the coumerin was performed by o tecan of specialized physicicns
routinely working ot the regional Red Cross anticoagrilation clinic The Hague,
with the aid of o computerized dosing progromn (TRODIS, Hiscom, Leiden). This
pregram evaluctes the stability of the INR ond, when possible, proposes a dosing
schedule (ie. in nearly 50% of the patients). In the other patients, dosing was
done by the physicicn according to a stamderd operating procedure. Details of
the cornputerized dosing progrorn have been published previously (18).

103



CHAPTER H

suuality of oral anticoagulant therapy

For each individual pertient several measures of the cucdity of oral anticoagulant
therapy were determined, First, we caleulated the percentage of INRs within the
therapeutic zone. This measwe, however, is likely to underestimcrte the quality
of oral cnticoagulant therapy because unstable patients cre checked more fre-
quently thom stable patients (10). Second, we therefore also counted the number
of days the patient spent within the therdapeutic zone, expressed as o percent-
age of the totcd follow-up fime. To this end we computed the INR on a dcdly
basis, assuming that the INR linecrly increases or decreases over the interveal
between two consecutive measurements. This approximeation method has been
extensively described elsewhere (18). Since enticoagulamt thercpy is considered
of high quality i the patient's INR is kept within the therapeutic zone for at least
70% of the fime (8, 9), a cut-off point of 70% was used to dichotomize the percent-
age of INRs and the percentage of time within the therapeutic zone. Preferably,
the INR is as closest to the target INR as possible (3.0 or 3.5, depending on the
indication). We therefore also calculated the mecm deviation of the INRs from the
tcrget INR. Beccruse of the increcsed risk of complicctions (4, 53, the cccurrence of
INRs >6.0 as well as the occurrence of INRs <2.0 were assessed. Besides, in view
of the burden on the patient of regular assessments, the mean intervel of moni-
toring was calculated. In additicn to these mecasures of therapeutic quality, the
cccurrence of hemorrhages, the most common adverse reaction to coumarins,
cnid the occurrence of thromboembolisms during oral cnficcagulont therapy
were assessed. Hemorrhages were classified as major if these led o death, neces-
sitated hospitalization, blood transfusion or surgery, or if these concerned intra-
cramicd-, intra-coticulor- or intra-muscular bleeding. Minor hemerrhages were
defined as all other overt non-fatal bleeding, including skin bleeds of more thon
10 cm in dicrneter cmd nose bleeds lasting for ot least 30 minutes.

The cucldity of oral cnticocguicmt therapy was determined over the total fol-
low-up and over three different phases of therapy, 1.e. the infticion phase (day
1 up to day 31), the sheri-term phase (day 32 up to day 122) and the long-term
phase (day 123 up to day 365). The latter analyses were restricted to patients
in whom oral anticoagulont therapy was budlt up in the usual way, ie. ot lecst
three INR measurements during the initiction ghese.

Statistical analysis

As we were primarily interested in the percentage of patients spending ot least
70% of their INRs/of the time within the therapeutic zone, o multivariate risk-
ratic model was used to calculate adjusted reiative risks (RR) with 95% conf-
dence intervads (CI). This model was also used for comparing the percentage of
potients: [1] without INRs >6.0, [2] without INRs <2.0, [3] with hemorrhages and
[4] with thromboembolisins. For comparisons of continuous variables (.e. the
mecn deviction of the INRs from the torget INR and the meom interval of moni-
toring) adjusted differences and their 95%Cls were computed using multivori-
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cte linear regression analysis after taking the natural logarithm. Because of the
use of log-tremsformed vemiables, the model predicts geometric rather them arith-
metic mecns and regression costficients appreximate relative differences rather
tham abselute differences. Relative differences were calculated as the cnti-log of
the regression coefficient minus one (20). All multiple regression moedels included
age, sex cnd the indication for therapy (freaiment or prophylaxis of arierial
thrombosis, frecirment of vencus thrombosis, prophylaxis of venous thrormbosis)
cnd, when relevoni, the length of follow-up.

REsSuULTS

The study cohort included 3,158 patients using phenprocoumeoen, with o medicn
follow-up of 116 days and 4,582 portients using acenccoumncrol, with a medicn
follow-up of 56 days. The general characteristics of the study population are pre-
sented in tcble 1.

The quality of orad enticoagulent therapy, as determined over the iotal fol-
low-up (able 2), was in fovour of phenprocoumon. First, a higher percentage
of patients spent ot least 70% of the time within the therapeutic zone (RR 1.09;
95%CI 1.05-1.13). When expressed as INRs within the therapeutic zene, similor
results were cbtained. Second, the INRs for patfients on phenprocoumon were
somewhat closer to the target INR. Third, the percentage of patients without INRs
>6.0 tended to be higher with phenprocoumon, but the difference was not signifi-
cant. Fourth, o higher percentage of patients on phenprocoumon had no INRs

Table 1. General characteristics of the study cohort'.

Phenprocoumon  Acenocoumarol

n=3,158 n=4,582
Age (years, mean &d)) 6% (7.0 62.3 (18.0)
0- 20 years 37 (%) 117 (2%)
21 - 40 ysars 201 (9%) 542 (12%)
41 - 60 years 768 (24%) 1.102 (24%)
61 - 80 yedrs 1511 (48%) 2,227 (49%)
81-100 vears 551 (18%) 594 (13%)
Sex
male 1,526 (48%) 1,917 (42%)
female 1,632 (52%) 2,665 (68%)
Indication
treatment or prophylaxis of arferial thrombosis 1.876 (59%) 1,232 (27%)
freatrment of venous Thrombosis 760 (25%) AR0 (10%)
prophylaxis of venous thrombosis 492 (16%) 2,870 (63%)
Follow-up (days, median (QR%) 116 (195 56 (74)

"'values are numbers (perceniages) unless indicated otherwise.
* Interquartile range.
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<2.0 (RR 1.07; 95%CI 1.05-1.10). Lastly, the interval of monitoring was slightly
longer in users of phenprocoumon.

The advantages of phenprocoumon over doehocoumarol, s were present
over the tolad Iollow-up, did not apply to all ghases of therapy (able 3). During
the initicfon phase, only the percentage of patients without INRs <2.0 was
higher in users of phenprocoumon (RR 1.16; 95%CI 1.10-1.22). The percentage of
pctients spending at least 70% of the INRs within the therapeutic zone, the devia-
tion of the INRs from the tcrget INR and the inferval of monitoring did not differ
ketween the two types of cournarin. The percentage of potents spending ot
least 70% of the tfime within the therapeutic zone tended 1o be higher with acenc-
coumcrrol, but the difference was not significcmt. The percentage of patients with-
out INRs >6.0 was in favour of acenocoumcerol (RR 0.78; 95%CI 0.68-0.89). During
both other phases, all measures of the qudlity of cral emticoagulont thercpy
were in favour of phenprocoumon, but the differences were most pronounced
during the long-term phase. Potients on phenprocoumon were 1.54 times as
likely to spend ot least 70% of the fime within the therapeutic zone, were 2.39
times os likely to have no INRs >6.0 and were 1.53 times as likely to have no
INRs <2.0. Furthermore, their interval of monitoring was 25% longer cnd their
INRs were 25% closer to the target INR.

The study populations concerning the different phases of therapy differed
considerably in indication for thercpy. Of the patients included in the long-term
cmalysis 94% used coumarins for treatment or prophylesds of arterial thrombosis.
For the patients included in the shori-term anclysis this concerned 73% while 24%
were freaiad because of venous thrombosis. In the study populction concern-
ing the nitiation phase, 46% of patients were trected because of an coterial indi-
cation and 34% for prophylaois of venous thrombosis. Restricting the onalyses

Table 2. The guality of oral anficoagulant therapy over the total follow-up ',

I} el
Measure of quality Phenprocoumon  Acenocoumarol  ad)”. RR / ref. dif

n=3,158 n=4,582 (@5%CN
»70% of INRs within ther, zone 1,123 (36%) 1,368 (30%) 1.09 (1.05-1.13)
=70% of time within ther. zone 1,700 (54%) 2,131 {46%) 1.0% (1.04-1.15)
devigtion INRs from target 1.06 (0.58) 1.12 (0.53) -0.05 -0.07- -0.03)
(median QR
no INRs 26.0 2,338 (74%) 3,786 (83%) 1.09 (0.9%-1.19)
no INRs <2.0 1,179 {37%) 1.034 (23%) 1.07 (1.05-1.10)
interval of monitoring 10.2 (6.8) 7.0 (4D 0.05 (0.04-0.07)

{days, median (QR)

' Values are numbers (percentages) unless indicated othenwise.

? Imterquartile range.

* Adjusted for age, sex, indication and length of follow-up.

! The relative differences are to be inferpreted as the differences expressed in percentages between
the two drugs. For example, the interval of monitoring is 5% longer In patients on phenprocoumon.
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to patients using coumaring for treatment or prophyloxis of arterial thrombosis
revedled similar results ond did not chonge the interpretation of the observed dif-
ferences in therapeutic quality between phenprocoumon ond aeenocournarol
over the three phases of therapy. For example, during the initiation phase 35%
of the patients on phenprocournon and 36% of the users of acenocoumarol spent
at least 70% of the time within the therapeutic zone (RR 0.98; 95%CI 0.93-1.04).
The perceniage of patients without INRs >6.0 was 80% cnd 85%, respectively (RR
0.81; 95%CI 0.68-0.95).

In additicn to the therapeutic quality of orad anticoagulant therapy, the occur-
rence of hemorrhages and thromboembolic complications during follow-up were

Table 3. The quality of oral anticoagulant therapy over different phases of therapy'.

adf. RR / ref. oif

Measure of quality Phenprocoumon Acenocodmard| (O5%CD)
inificion phase n=2,674 n=3,325
=70% of INRs within ther, zone 782 (29%) 995 (30%) 1.00 (0.96-1.03)
>70% of fime within ther. zone 1,004 (38%) 1,334 (A0%} 0.96(0.92-1.01)
deviation INRs from target 1.28 (0.85) 1.23 {0.63) 0.00 0.03-0.03)
(median {(QR)
no INRs 26.0 2,154 (81%}) 2.928 (88%) 0.78 {0.68-0.89)
no INRs <2.0 1,348 (60%) 1,105 (33%) 1.16¢1.10-1.22)
intervat of monitoring 62 (1.6) 62 (1.6 0.01 (0.00-0.02)
(days, median (QR))
Shorf-ferm phase n=1,519 n=995
>70% of INRs within ther, zone 847 (56%) 462 (46%) 1.20(1.11-1.303
>70% of time within ther. zone 984 (65%) 588 (59%) 1.14 (1.03-1.273
deviation INRs from target 0.78 (047} 0,96 (0.47) 0.18¢-0.21--0.15)
{rmedian (QR))
no INRs 6.0 1,386 (91%) 859 (86%) 1.54 (1.23-1.94)
no INRs <2.0 1,065 (70%) 523 (53%) 1.55 (1.40-1.72)
interval of monitoring 152 (6.8) 130 &.1) 014 @11-0.17}
(days, median (QR))
Long-ferm phase n=500 n=303
=70% of INRs within ther, zone 310 (62%) 109 (36%) 1.61 (1.3%-1.85)
>70% of time within ther. zone 357 (%) 163 (64%) 1.54(1.28-1.868)
deviation INRs from farget 0.74 (0.38) 1.00 (0.50) -0.25¢-0.29- -0.200
{median (QR))
no INRs 6.0 430 (B6%) 204 (67%) 2.39(1.82-3.15)
no INRs <2.0 326 (65%) 137 (45%) 1.53(1.31-1.7%
interval of monitoring 22,1 (33.0) 17.4 (8.6) 025(0.19-0.32)

(days, median (IQR))

' Values are numbers (percentages) unless indicated otherwise.” Inferguartiie range.® Adjusted for age,
sex and ndication.
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Tabie 4. The percentage of patients with hemorhages or thromboembolic complications
during foliow-up',

Phenprocoumon  Acenccoumndarol cdf. RR

n=3,158 n=4,582 (95%CI)
minor hemorhages 137 (4%) 75 (2%) 1.81{1.34-2.48)
major hemorthages 30 (0.9%) 23 (0.5%) 1.10 (0.62-1.69)
thrornboembaolisms 19 (0.6%) 7 (0.2%) 1.77 (0.74-4.20)

''Values are numbers (percentages).
* Adjusted for age. sex, indication and length of follow-up.

considered. A total of 277 hemorrthages occurred In 262 potients, corresponding
to 11.0 hemorrhages per 100 patieni-yvears. It concerned 224 minor hemorrhages,
ie. 8.9 per 100 patient-vecors cmd 53 major hemorrhages, 1.e. 2.1 per 100 patient
vecrs. Agshown in table 4, the percentage of patients with a miner hermoerrhage
was higher in users of phenprocournon (RR 1.81; 95%CI 1.34-2.48), The percent-
age of patients with a major hernorrhage did not differ between the two types of
coumcrin. Twenty-six patients had a thromboembolism during follow-up, which
comresponds to an incidence rate of 1.0 per 100 patient-yeczs. Nine patients
had a myoeccardial infarction, seven patients had o cardiovasculor accident, six
patient had a deep venous thrombosis cnd four patients had a pulmoncry embo-
lism; none of the events was fotal. There was no difference in the percentage
of patients with o thromboembolic complication between phenprocoumon and
Ccenocoumarol,

Discussion

‘We pearformed a cchort study among o lerge number of newly enrolled patients
of cn emiticoagulation clinic ond compared the quetity of oxal anticoagulant ther-
apy between phenprocoumen cnd acenocoumcrol in three phases of therapy.
The results clecaly show that the use of phenprocoumon has advontages over
the use of acenccourncrol in the short-term and especiclly the long-term phase
of therapy. Patients on phenprocoumon were mete lkely to spend ot least 70%
of the time within the therapeutic zone, to have no INRs >6.0 and to have no INRs
<2.0. Additionclly, they had INRs closer o the toarget INR and o longer interval
of monitoring. In the initiction phase, the guality of oral cnticoagulont therapy
seams to be slighily betier with acenocournarol. Qur resulis suggest that newly
referred paltients should prefercbly be prescribed phenprocournen. Only in case
a patient needs oral anticoagulemt therapy for a short ime (e, up to about six
weeks), dcenocoumarol might be considered.

The regional Red Cross anticoggulation clinic The Hague has an extensive
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experience in menitoring oral anticoagulant therapy, both on phenprocourncon
cnd ccenccoumcroel: each yeor approximately 15,000 patients cre monitored,
of whom about 60% are treated with phenprocoumon and about 40% with
cacenccoumcrol. Dosing of the coumarins is performed with the cid of a com-
puterized dosing program. A difference in monitoring experience with the two
coumgarins, therefore, is not a likely explanation for the cbserved differences in
quctity of oral cmticoaguloent therapy. The choice of coumcarin is determined by
the preference of the prescriber and is alse hospital-related. However, the moni-
toring of anticoagulemt therapy by the anticeagulation clinic is not nfluenced
by the preference of the prescriber or hospital. The choice of coumacorin may
also be determined by the patient profile, e.g. complicmce or bleeding risk. This
plays prokably only a limited role. Since the study cohort only consisted of new
potients, selection bias by the enticocgulation history of a potient wos excluded.
Furthermore, the mcijor grecribers prescribed the scone coumarin to more than
95% of their patients, As cnticoagulcnt therapy may be ended because of non-
complicmee, depletion of susceptibles may have occurred, ie. noncormpliomt
patients were included in the initiation phase analysis but not in the long-term
phase analysis. This concerned only four patients using acenoccurnarcl cnd
three patients using phenprocoumon, and would not explain the consistent
advantages of phenprocowmon over acenocoumcarol in the short-term and long-
term phase of therapy. The medasures of the quatity of oral enticoagulant therapy
determined in this study, cre relcted to the length of follow-up. For example, the
longer the follow-up, the more INE assessments and the higer the chence to have
cm INR >6.0 or the longer the follow-up, the more stobly cnficoagulated and
the longer the monitoring interval. The length of follow-up was either constant
or adjusted for in the multivariate analyses beside age, sex cnd the indication
for thercpy. Age and length of follow-up were included in the model as continu-
cus variables. Optimal control of counfounding by including age and length of
follow-up as cotegorical variables with dummies (20-vecrs and 4-weeks classes,
respectively} did not substemticlly chemge the RRs. Similarly, restricting the ancd-
vses to patients using coumanins for freatment or prophyloxis of crtericl throm-
bosis revedled reughly similor resulis cmd did not chonge its interpretation. A
cui-off point of 70% was used to dichotomize the percentage of INRs and the
percsntage of time within the therapeutic zone, When using 80% or 90% as cuf-
off point, the results stll were in favour of phenprocoumon, but the differences
between the two coumearing were smaller,

The advcntages of phenprocoumon over dcenocowrnarol concerning the
cuality of cral cnificoagulant therapy may be explained by the difference in
hali-life. Beccruse of its short half-life, the use of ccenocoumcrol induces large
fluctuctions in plasma levels of fuctor VI (16, 17). Hence, irregular complicmce
mary hove more consedquences with the use of acenccournarol thom with the use
of phenprocoumon. Moreover, dcenocoumarcl mary be more sensitive to interfer-
ence by the use of co-prescribed drugs inducing or inhibiting cytochrome P450
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enzymes (21).

The short half-life of acenocoumcarol is not only disadventageous. An mpor-
tont advamtage s the more direct reaction fo dosing changes. This may be
helpiul in Ending stability, os is reflected by the result that the quality of oral
omtficoagulant therapy was slightly better with acenocoumarol during the initicr-
tion of therapy.

Ogpposite to the belter therapeutic quality of oral cmticoagulant therapy with
phenprocoumon, stands an increased risk of minor hemorrhages. However, this
should not prevent the use of phenprocoumon since the risk of mejor hemor-
rhages and thromboembolic complicctions were not increased.

In conclusion, for cutpatients of an anticoagulction clinic phenprocoumon seems
tc be preferred since this coumarin gave a better quadity of oral cmticoagulomt
therapy thom acenocoumcarol in the short-term cnd especiclly the long-term
phase of theraey. Only in case a patient needs oral anticoagulant therapy for a
short time (<6 weeks), acenocowndarol might be consideted,
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BAckGROUND

Oral omticoagrlction with cournarin derivatives is an established, widely used
thercpy for the prevention of venous oand arterial thromboembolism (1). Couma-
rin anticeagulants induce cnticeagulation by antagonizing vitamin ¥, thereby
impadring the ycarkboxylation and consecruently the biclogical activity of the
vitemin K-dependent coagulation proteins (factor O, VI IX and X, protein C
cnd 5) (2). In patients on long-term oral anticoagulomt therapy ot therapeutic
levels of cnticcagulation, foactor X is most strongly, and factor IX is least strongly
reduced (3-4). However, there core no reports which focus on the levels of these
factors in overanticoagnilated potients.

Three {ypes of coumcrin with a similcr mechanism of action but different
pharmacokinetics are used. In Western continental Europe acenocoumars] and
phenprocoumon are mainly used. Acenocoumcrol is a short-acting anticoagr-
lant cnd rhenprocourncn is a long-acting drug. Werfarin, which has an inter-
medicte durction of effect, is commonly prescribed in the Anglo-Scxon cnd
Scandinaviem countries (7, 8). Studies have shown that the use of phenprocou-
mon or warfarin gives o more stable anticoagulation thon the use of acenccou-
merol (9-11). However, it is not known whether the advantage of the long-acting
coumcrins clso applies to the initiction phase of therapy.

Coumarin cnficocagulants have a ncorow therapeutic index (12). The optimal
target range of oral emticoagulcnt theropy. ds recommended by the Federation
of Dufch Thrombosis Centers, lies between an Internctonal Normalized Ratio
(NR) of 2.5 cnd 3.5, or between 3.0 cnd 4.0 (13, 14), depending on the indica-
tion for trectment. As patients mary recuire different doses of coumeanins to reach
the same level of cnticoagulation cnd because the required dose may vary
over tme in oan individual patient, cnticoagulont therapy needs to be moni-
tored. Despite monitoring of anticocgulant therapy, overcniicoagulation may
occur. When the INR is »6.0, the risk of hemorrthage, the most common adverse
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raaction to coumarin anticoagulants, sharply increases (14, 15). Hence, such
an excess anticoagulont effect should preferably be prevented cnd should be
freated prometly and adequately i present. Based on case reports and small-
scale experiments, a considerakle number of drug interactions with coumcarin
cnticoagulants os a couse of overcmticoagulation have been reported and sum-
merized (16-19). In addition, ¢ number of comorbid conditions have been pos-
tulated as interfering with oral anticoagniomt therapy (17, 20-22). Furthermore,
increasing age cnd female gender have been associcied with cn enhonced
response 1o coumcaring (23) and overanticoagulation after o dietcny modification
reducing the intake of vitcomin X has been described (24, 25). However, large
epidemioclogical studies on the incidence of and risk factors for overcmticoagu-
ictdion in a non-selected population under everyday circumsiances ore scarce. In
the absence of lfe-threctening hemorrthagic complications, oradly administered
vitcrmin K, is used to reduce the excess anticoagulomt effect (20). In case of a
sericus hemorrhage, the patient should be tromsfused with prothrombin complex
cencentrate, supplemented with vitamin X, in order to rapidly reverse the INR
{20, 26). Detailed information on chonges in the INR in response to oral vitamin
K. however, is not avalable.

Although the risks of overonticoagulation cre clecr, its trecttment cnd deter-
mincmts have received little attention. Most of the extensive research on oral
cnticoagulemt thercpy has focussed on its pharmacological- and biochemicot
action, prothrombin fime calibration, optimal therapeutic intensity cand hemor-
rhagic complications. Therefore, the aim of this thesis was to study aspects of
overcnticoagulation on courmarin cmticoggnilants amorng outpatents of on anti-
coagnlcation clinic. In this chapter, the main findings will be surnmerized cnd the
general methodological issues inherent to the study of risk foctors for overcmitico-
agulation will be discussed. In addition, the implications for oral cnticeogulant
therapy and recommendcttions for future resecrch will be given.

Mamn FINDINGS

Treciment of overanticoagulation

In chapter 2, we describe a prospective study in which we provide detailed
insight into the course of the INR after oral administration of vitarnin ¥ in patients
overanticoagulated with phenprocoumon. The study was restricted to patients
on phenproccumoen, since overcnticoagulated patients on acenocoumcrol are
only prescribed vitamin K, when the INR is >15.0. The first two days after admin-
istration of vitamin K, the mean INR decredsed by 40% and 23%, respectively.
After day 2, the day-to-day propertional change in the mean INR dependead on
the dose of vitamin K, and varied from a decrease of 12% to an increase of 21%.
On day 7, the meon INR was lower than on day 2 in the 1 mg and the 5 mg
group and was higher than on day 2 in the 2, 3 and 4 mg group. In addition o
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determining the effect of viteunin K, administration on the time-course of the INR,
we ciso looked at its effectiveness in reducing the excess anticoagulant effect to
lower and scfer levels, preferally in the therapeutic zone. Between day 2 and
day 7, in general, 32% of the patients had an INR within the therapeutic zone,
25% had o INR >6.C and 8% had an INR <2.0.

Risk factors for overanticoagulation

We performed o prospective cohort study with o nested case-conirol design
cmong previcusly stable oulpatients of an anticoagulation clinic to delermine
the incidence of overanticoggulation. Furthermoere, we studied the association
hetween overanticoagulation cnd characteristics of anticoagulant therapy and
comorbidity, drug intercctions, and socicdemogrophic-, lifestyle-, cnd dietcay
iacters. The incidence rate of an INR >6.0 was 7.8 per 10,000 trectment days
in prevalent users on the sicrting date and 22.5 per 10,000 treciment days in
incident users during the study period (chopter 3.1). Patients on acenocoumaorol
had an increased risk of an INR >6.0 compared to patients on phenprocouwmeon.
Regarding comeoerbidity, impaired liver function, congestive hecrt fodlure, dior-
thea and fever were independent risk iccters for overcmticoagulation (chapter
3.1). Abcut the role of drug nteractions in overanticcagulation, half of the 87
potentially interacting drugs or drug classes which have been reperted in the
medicat lterature were not used by the study populaiion. Only fifteen drugs or
drug classes were used by more than ten patients, and a relevant change in
use in the risk period was infrequent. A course of codrimoxazole and the use
of omoxicillin+clavulcnic acid were independent risk factors for overanticoag-
ulction {chapter 3.2). Sociodemographic- as well as dietary factors were not asso-
cicted with overanticoagulation. Body mass index was negatively related to
overcnticocgulation, a beneath averdge level of physical activity was positively
related to overamticoagulation, cnd never-smokers were more likely to have
an INR >6.0 compeared to smokers. Habitual alcohol consurmnption, even hedavy
drinking, was not related to overanticoogulation. However, a recent decrease of
alcohol intake increased the risk of o INR >6.0. In addition, weight loss cnd a
vacation were independent risk factors for cveranticoagulation (chapter 3.4).

In the cose-control analysis, drug intercctions as o couse of overcnticoagula-
tion predomincntly concerned ontibactericd drugs. However, the sample size of
this study was teo smadl to judge the association with overcntcoagulation for sev-
ercl emtibacterial drugs. Therefore, we conducted a cohort study in a large popu-
Iation of community-dwelling elderly to investigate which antibacterial drugs
cre associcted with overanticoagulation (chapter 3.3). Eight cmtibacterial drugs
ware muliivarictely asseciated with overcmticoagulation. Co-trimoxazole most
strongly increased the risk of cveremticoagulation. The onset of overcmticoagu-
Iation after siont of antibactericl drug therapy varied between different cntibac-
tericd drugs, probably due to different cousal mechanisms. The second cohort
study in this lorge pepulation of community-dwelling elderly described in chap-
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ter 3.5 showed ithat patients with o habituel disteay intake of vitamin K below
the amount required for normal functioning of coagulation factors, ie. 1 pg/kg
body weight per day, had oan ncreased risk of overcmiicoagulation.

Coagulant levels in overanticocgulation

The levels of the vitamin K-dependent pro- and anticocgulemt proteins In ran-
domiy selected overanticoaguicted podients, in overanticoaguiated patients
with fever in the preceding two weeks and in overanticoagulated patients with
stable congestive hecrt failure care described in chapter 4. This study was peat
of the prospective nested case-control study on the association between over-
cnticoagulation and characteristics of anticoagulemt therapy and comorkidity
{(chapter 3.1). The pattern of procoagulont level reductions in the three groups
of overanticoagulated patients was largely the sarme as in controls with an INR
within the therapeutic zone: facteor X was the lowest and factor IX the highest,
The difference was that in overanticoagulated patents factor VII was relctively
low among the procoagulant factors compared to controls. Protein C was lower
them pretein 5 in overanticoagulated patients with congestive hecat foilure, but
was similar to protein 5 in the other shudy groups. In overanticoagulated patients
with fever, the vitemmin K-dependent coagnulation proteins except factor X were
significantly lower than in overanticoagulcted patients with congestive heant
failure, especially factor VII and grotein S,

&udality of oral aniicoagulant therapy; phenprocoumoen versus acenocoumarol
The preospective nested case-conirol study on the associction between over-
onticoagulation cnd characteristics of anticoagulomt therapy and comorbidity
described in chapter 3.1 showed thal patients on dcenocoumnarel had on
increased risk of an INR >6.0 compared to patients on phenprocoumon. In chap-
ter 5, several medsures of the quality of orad anticoagulont therapy, among
which the occurrence of overanticoagulation, cre compared between phen-
procoumon and acenocoumdctol in three phases of therapy. In the short-term
phase and especially the long-term phase, patients on phenprocoumon were
more likely to spend o least 70% of the time within the therapeutic zone, ic
hove no INRs 26.0 and to have no INRs <2.0. Furthermore, their INRs were closer
to the target INR and thelr intervad of monitoring was longer. In the initicion
phase, however, the guality of oral anticoagulant thercpy was slightly better
with acenocournarel. The percentage of patients with o major hemorrhage did
not differ substomticlly between the two types of coumarin.

METHODOLOGICAL CONSIDERATIONS

Study design
In epidemiclogy. several study designs are used 0 estimate frequency of cccur-
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rence ond measures of association. To determine the incidence of cmd risk foe-
tors for overcmticoagulation we performed o prospective cohort study with a
nested case-control design. This study design is an efficient cpproach to excm-
ine multiple risk factors. However, due fo the often retrospective assessment of
exposure in ¢ case-control study the internal validity may be moere easily threat-
ened by selection- cnd information bias thom other analytic study designs. Fur-
thermore, a case-control study is inefficient for the evaluation of rare exposures,
unless the scmmple size is very large or the attributable risk percentage is high (27,
28). Bacause of the latter Hrnitation of case-control studies, we dlso performed
prospective cohort analyses in the Rotterdam Study to investigate which cmiti-
bacterial drugs cre associated with overanticoagnlation end to study whether
ratients with a deficient dietary intake of vitarnin K have an incredased risk of
overcmticoagulation. An impoertont disadvontage of cohert studies is thet the
validity can be sericusly affected by loss to follow-up’ (27, 28). However, this was
not an issue as patients in chapters 3.3 and 3.5 were selected on the basis of pres-
ence of INR-data ot the anticoagulation clinic, cnd becouse in the Rotterdom
Study follow-up information is collected for every individucd,

Validity

The validity of case-control- cnd prospective cohort studies on risk factors for
overanticocgulation may be threatened by three types of bias: selection bias,
informeation bias end confounding. These potenticl biases will be discussed in
the next paragraghs.

s Selection bias ~ Selection bias occurs when the association between the deter-
mincant cnd the outcorne is different for those who peorticipated and those who
would be eligible for study. This type of bias is a particulor problem in cdse-
control studies, since both the exposure and culcome have occurred ot the
time subjects are selected for study. An importomi potenticl couse of selection
bics in case-contrel studies is non-response. Non-responders moy differ from
responders with respect to risk factor status. In terms of relative risks, the asso-
ciction between exposure cnd cutcome will especially be distorted only if the
non-response is non-rondom with respect to both exposure and oulcome (27,
28). In our case-control study, the porticipation rate was slightly lower among
cases. However, the status of the exarnined risk foctors in non-responders is
unknown. Would non-response be related to exposure, it is most Likely thet
patients with e.g. chronic comorbidities or acute illnesses are less likely to por-
ticipate. Consequently, risk estimeries would have been biased towards o rela-
five risk of one.

s Information bicts — Information bics resulls from sysiematic errors in the way

exposure or outcome cre assessed. There are severdl specific types of informar-
tion bias, depending on the source of noncomparability (27, 28). In a case-con-
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trol study, recail bias arises when individuals with a porticulcr adverse health
outcome remember ond report thelr previous exposure differenily from those
who cre not affected. In our study, recall bias was prevented by restricting
the study population to patients with non-symptomatic overcmticoagulation,
ie. by excluding pctients who presented on the index day with a sericus
bleeding complication. In addifion, in the information letter we referred to the
problem of overanticoagulation in a general sense. In the case-contrel study
on drug interactions, comparing the information on the start of antibacterial
drugs given by the portient or mentioned in the anticoagulomt medical record
with that prospectively recerded by the pharmacy, revedled that recall bias
was not a preblem. Interviewer bias in a case-control study refers to any
systematic difference in the gathering, recording or interpretation of infor-
mcition on exposure from study participants. To prevent this type of bias,
structured questionnaires with mainly closed questions were used ocnd the
interviewers, general practitioners cnd pharmacists were blinded with respect
to the patient’s case or control status cnd the spectiic resecrch hypotheses.
Dlagmostic suspicion bias ccours when the chonce of diagnosing the outcome
is different for exposed cnd unexposed individuals. It moay play a role in the
associations of fever, dicarhea and several drug interactions with overanticoag-
ulction, since pcttients cre instructed to inform the clinic of these ocourrences, If
considered necesscary, the patient’s INR is measured earlier them the appointed
date. We dealt with diagnostic suspicion bias by excluding patients whose
INRs were mecsured ecalier from the case-control analyses cnd by adjustment
for earlier INR-assessment in the prospective cohort anadysis. Misclassification
occurs when subjects are erronecusly categorized with respect to either expo-
sure of outcome status. In our case-conirol study, potential risk factors were
inquired over the four weeks preceding the index day. Due tc logistical lirnita-
tions, the interview fock place up to three weegks after the index day. Misclassifi-
cation of exposure thus may have been present; a patient may have forgotten
things or been mistaken regarding the time period in which these occurred.
The mean interval between overanticoagulation and interview, however, was
similcr for cases and contrels. Besides, the misclassification is assumed o be
rondom, resulting in a conservative estimation of the asscciation. In the pro-
spective cohort analysis in the Rotterdam Study concerning deficient dietary
intake of vitainin K, misclassificetion of exposure may also have been present
since the habitual dietery intake of vitamin K was assessed at baseline and
may have chonged during follow-up. However, also this would have led to a
conservctive estimcte of the relative risk rather tham to an overestimation.

= Confounding - Confounding is a distortion of the estimated exposure etfect that
resulls from the fact that the effect of an extrameous varicble is mixed with or
ristoken for the actual exposure effect. Before a variable is considered a con-
founder it should fulfil three criteria. First, it rust be an independent risk factor
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for the outcome among the unexposed. Second, it must be assccicted with the
exposure veridable in the source populction from which the cases are derived.
Third, it must not be aifected by the exposure or the outcomns; in perticular, it
comnnot be an intermediate step in the causal pathway between exposure cnd
the outcome. Confounding can lead to an over- or underestimation of the true
association between exposure and culcome, depending on the direction of the
associations which the confounding factor has with exposure cnd outcome.
Confounding com even chonge the apparant direction of cm effect (27, 28). In
our case-contral- and prospective cohort studies, potential confounders were
token into account and, when necessary, adjusted for in the stetistical cmaly-
Ses.

Generalizability

The ability to generalize study results is determined by the representativeness of
the study subjects. As validity is a prerequisite for generclizability, the primary
concern in the design of anvy study must be validity, not generalizability (27, 28).
Therefore, patients not living independently and those making use of medls on
wheels, as well as patients who presented on the index day with o sericus bleed-
ing complication were excluded from our case-contrel study. Furthermere, the
study population was confined o stably anticoagulated patients because most
cases of unstakle cnticoagulation ond overanticoagulation occur during initia-
tion of therapy. Every clinicion is aware of this and more interested in the risk fac-
tors they encounter when their patients are on long-term anficoagulomt therapy.
Would we not have excluded unstakle patients, it would have been difficult {o
releqse these more subtle but also clinically relevomt risk factors. We would have
found inifiction of therapy as most importemt risk factor for overanticoagulction,
a relatively inrelevant finding. However, there is no reasen to assume that the
observed risk factors can not be generalized.

{LINICAL IMPLICATIONS

Overcnticoagulaton incredses the risk of hemoemnhage and should therefore be
prevented cnd trected promptly cnd adequately if present. Although the risks
of overcnticoagulation cre clear, its trectment cnd determinants have received
little critention. The studies presented in this thesis especially relecsed several risk
factors for overanticoagulation, but also showed that the rouline trectment of
overcmticoaguiation employed i the emticoagulation clinic was not sufficient.
Based on our findings, the dose of vitamin K, has been increased and the
coumgarin is discontinued for cne more day 1o improve the treciment of the
excess anticoagulant effect. Besides, vitarmin X, is now administered o o lower
INR than before. Paying special attention to risk factors for overcnticoaguiction
when monitoring cral anticocgulamit thercpy, offers the pessibility to prevent
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overcnticoogulation. If pessible, risk factors should be avoided. For example, the
use of phenprocoumon instead of acenocournarel might be considerad. A better
guality of oral cmticoagulant therapy on phenprocoumon them on acenocouma-
rol in the short-term and especially the long-terrm phase of therapy supports
a preference of phanprocourmnon o acenccoumcrol in patients who need ored
anticeagulant therapy for six wesks or more. Similarly, patients on oral enti-
coagulant therapy should be advised to consume vitamin Krich foods such
as green, leafy vegetables to prevent a deficient dietcry intake of vitcmin K.
Furthermere, the use of cericdn antibacterial drugs, especiclly co-trimexazole,
should be restricted. I there Is no therapeutic aliternaiive avalable, more fre-
quent monitoring of INR-values during antibactericd drug thercpy is warranted.
Then, it should be taken into account, however, that some cntibactericd drugs
Induce overcnticoaguiation already within two to three days after start of cmii-
bacterial drug therapy, while for other drugs this tokes more than four days.
Increased monitoring of INR-values may ciso be advisable for patients with non-
cvoidable risk factors such as fever, diamhea or weight less, Potients with cm
Impaired liver function or congestive heart fodlure should be monitored more
carefully. Also, it is advised that patients have their INR checked when on vaco-
Hom.

To be able to prevent cvercnticoogulation by paving specicl attention to
risk factors for overcmiicocagulation when monitoring oral enticoagulomt thercpy,
physicicms should be aware of these risk foctors and their presence. Therefore, it
is as important that patients are aware of the necessity to inform the cmticoagu-
lation clinic akout occurrences such as changes in comedication, intercurrent
illnesses or weight loss. This should be emphasized ot the stort of therapy cnd
should ke brought to the attention of patients of regulor intervals therecdter,

RECOMMENDATIONS FOR FUTURE RESEARCH

To determine risk factors for overanticocagulction on coumarin anticocgulcmts
we performed a nested case-control study camong outpatients of cm anticoagula-
tion clinic. However, this design is inefficient for the evalucation of rare exposures,
as we encountered when studying the role of drug interactions and chrenic
comerbidities in overanticoagulation. For several drugs cnd some comorpidities
numkers were too small to judge thelr association with overanticoagulation.
A large cohort study - for instamce within automated data bases such as the
PHARMO Record Linkage System (29) or the Integrated Primary Care Informa-
tion (IPCI) project (30) - might ke required to study these potential risk factors for
overcnticoagulation, as we already did with respect to antibacterial drugs.

The results presented in chapter 5 show that the use of phenprocoumon has
advantages over the use of acenocoumcrol in the short-term ond especially the
long-term phase of therapy. However, opposite to the betier therapeutic quadity
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of oral anticoagulant therapy with phenprocournon, stemds an increased risk of
minor hemorrhages. The use of warforin olso gives o more stable anticoagulo-
tion thom the use of acenccoumarcl (9). The advantages of phenprocoumon cnd
wdriarin over acenocoumarol may be explained by the difference in half-life,
Because of its short hatf-life, the use of ceenocourncrol induces wide fluctucations
in the plasma levels of factor VI (31, 32). It would be interesting to compore
the qudality of oral anticoagulamt therapy and the risk of hemorrhages between
phenprocoumoen cnd wearfarin. Possibly, warfarin, which has an intermedicie

half-life, both has a high quedity of oral anticoagulent therapy and o low risk of
hemorrhages.

In oral enticoagulant therapy not only overcmticoagulction poses o risk to
patients, ut also the opposite situaiion, underanticoagulation. While overantice-
agulation increases the risk of hemorrhages, underanticoagulation is associcted
with a higher thromboemibolic risk (14), Noncomplicnce is an obvious risk factor
for underamticocgulation. A number of other factors, cornong which drug interce-
tions and comorbid conditions, have been postulcted to decrecse the response
to coumnarins (7). However, as for overanticoagulation, these potential risk factors
for underanticcagulation should be further investigeted in o large epiderniologi-
cal study in o non-selected population under everyday circurmstances.
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Oral anticoagulation with coumarin derivartives is cn established, widely used
therapy for the prevention of venous and crtericd thromboembolism. These
drugs induce anticeagulation by antagonizing vitarmin K. thereby impairing the
ycorboxylation cnd conseguently the biological activity of the vitarmin K-depen-
dent coagulation proteins (factor 1T, VI, IX and X, protein C and §). Coumarin
cniicoagulants have a narrow therapeutic index. As padients may reguire differ-
ent doses of coumarins o reach the same level of anticoagulation and because
the required dose may vory over time in an individual patient, amticoagulomt
therapy needs to be moniiored. Despite monitoring, overanticoagulction may
occur. When the Internationol Normalized Ratic (INR) is 26.0, the risk of hemor-
rhage, the most common adverse reaction to coumarin anticoagulants, shcrply
increases. Hence, such an excess cniicoagulemt effect should preferchbly be pre-
vented cnd should be trected prompily cnd adequately it present. Although
the risks of overanticoagulation are clecr, iis treciment cnd determinomis have
received litfle attention. Most of the extensive research on oral cnticoagulant
therapy has focussed on its phormacological- omd bicchemical action, prothrom-
bin time calibration, optimal therapeutic intensity cnd hemorrhagic complica-
tions. Therefore, the aim of this thesis was to study aspects of overanificoagulation
on cournarin anticoagulomts cornong outpatients of an anticoagulation clinic
{(chapter 1).

Chapter 2 relates to the freatment of overanticoagulation ond describes the
course cf the INR in response to oral vitamin K, in overanticoagulated patients.
Oral vitcrnin X, is used for the treaiment of excessive anticoagulation. Detciled
informerticn on changes in the INR in response to vitemnin K, is not availoble, We
therefore measured the INR on the first seven days following the oral intake of
1 to 5 mg of vitomin K, in 24 potients routinely treated with phenprocournon
who had cn INR >6.0 at preseniation. The first two days affer administration of
vitarnin ¥, the meaon INR decreased by 40% cnd 23%, respectively. After day 2,
the day-to-day preportional change in the mecn INR depended on the dose of
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vitamin K, cnd veaied from a decrease of 12% to an increase of 21%. On day 7,
the mecn INR was higher thom on day 2 in three out of five treatment groups.
Between day 2 and day 7, in general, 32% of the patients had an INR within the
therapeutic zone, 25% had on INR 26.0 and 8% had cn INR <2.0. These Endings
suggest that the routine trectment of overanticoogulation in patients on phen-
procoumon should be intensified o improve its efficacy.

Chapter 3 concerns the incidence of and risk factors for overcmticoagulation.
Chapiers 3.1, 3.2 and 3.4 cre based on the same prospective cohert study with
a nested case-control design. The study cchort consisted of ol patents wected
with coumnarin anticoagulonts al the regional Red Cross anticoagulation clinic
The Hague between December 1, 1997 and Juneg 14, 1999 (n=17.056). All cchort
members were followed untl the first occurrence of an INR >6.0, the end of their
trectment, or the end of the study period. The nested case-control study included
300 prospectively gathered cases with an INR >6.0 and 302 randomly selected
controls with an INR within the therapeutic zone, matched on index day cnd
target range. Cases and controls had to be sicbly anticoagulated in the fhree
months preceding the index day. Information on 1isk faciors in the four weeks
preceding the index day was collected from the anticoagulont medical record,
through the general practiicner end the phormacy, and by interviewing the
patient. In chapter 3.1, we describe the incidence of overamticoagulation cand
the assocication between overanticoagulation cmd choracteristics of omticoagu-
lamt therapy cnd comorbidity. The incidence rate of an INR 6.0 was 7.8 per
10,000 frectment days in prevalent users on the storting date and 22.5 per
10,000 treciment days in incident users during the study petiod. Potients on
acenocoumdarecl had cn increased risk of an INR >6.0 compared to patients on
phenprocoumon {OR 1.9; 95%CI 1.3-2.7). Chronic disedses associated with over-
anticoggulation were impadired liver function (OR 2.8; 95%CI 1.1-6.9) and con-
gestive hecrt fodiure (OR 1.6; 95%CI 1.04-2.6 in stable condition cnd OR 3.0;
P5%CI 0.8-12.0 in case of o relapse). Acute illnesses associated with overantico-
agulction were dicorrthea and fever (OR 12.8; 95%CI 1.6-104.9 and QR 2.9; 95%CI
1.1-7.7, respectively). Chapter 3.2 addresses the role of drug intferactions in over-
cnticocgulaiion. Forty-five out of 87 potenticlly interccting drugs were not used
in the four weeks preceding the index day and only 15 drugs were used by ot
legst ten patients. A course of sulpharmethoxarole+trimethoprim (co-trimoxazole),
strongly increased the risk of overanticoagulation (OR 24.2; 95%CT 2.8-209.1),
especially in patients on acenocourncarol. Penicilling were associated with o

risk of overamticoagulation of 2.4 (95%CIL 1.00-5.5). The etfect was confined o

amoxicillin+clevulanic acid. Chapter 3.4 relaies 1o sociodemographic-, lifestyle-,
and dietary foctors as risk factors for overcmticoagulation. Age, sex and level

of education were not associdied with overanticocagulation. Body mass index
was negatively relaied fo overanticoggulction (OR 2.37; 95%CI 1.00-5.65, BMI

<20 kg/m? vs >25 kg/m?), a beneath average level of physical activity was
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positively related o overcmticoagulation (OR 1.61; 95%CI 1.02-2.53) cnd never-
smokers were more likely to have an INR »>6.0 compered 1o smokers (OR 1.70;
95%CI 1.02-2.84). Habitucd alcohol consumption, even heavy drinking, was not
related to overcnticoagulction. However, o recent decrease of dlcohel intake
increased the risk of cm INR »6.0 (OR 2.79; 95%C] 1.21-6.43). In addition, weight
loss cnd a vacation were risk factors for overanticoagulation (QR 2.32; 95%CI
1.03-5.22 and OR 10.67; 95%CI 2.48-45.88, respectively). Distary factors were
not associated with overanticocguiation. In conclusion, in previously stable out-
pctients of an anticoagulation clinic using phenprocournon or ACENOCOUINICTG,
overcanticoagulction was associated with the type of anticoaguiont used and
with some comoerkidities and lifestyle factors. Drug inferactions as a couse of over-
anticoagnlation predomincmntly concerned cntibacterical drugs. If risk factors are
present, increased monitoring of INR-values might prevent overanticoagulation
and potenticd bleeding complications. Similerly, if pessible, the use of co-trimoxa-
zole ond amexicillin+clavulonic agcid should be aveided in patients on courna-
rins.

The sarmple size of the case-control study was toe smedl fo judge the associc-
tion with overanticoggulation for several antibactericl drugs. Therefore, we con-
ducted g population-based cohort study In a sample of the Rotterdom Study 1o
investigate which antibacterial drugs ore associcted with overanticoagulation,
as described in chapter 3.3. The study cohort consisted of all parficiponts whe
were trected with acenccoumcerol or phenprocoumon in the study period from
Aprl 1, 1991 through December 31, 1998 cnd for whom INR-dcta were crverl-
able. All cohort mernbers were followed until the first occurrence of cm INR >6.0,
the last INR-cssessment because of the end of their treatment, death or end of
the study pericd. Doia on antibactericl drug use were obtained from regionad
phoomacies. Of the 1,124 patients in the cohort, 351 developed an INR 26.0.
Eight emtibacterial drugs were multivarictely associcted with overemticoagula-
tion. Sulfamethoxazole combined with trimethoprim most strongly increased the
risk of overanticoaguiation (RR 20.1; 95%CI 10.7-37.9). Stratification showed that
the induction petiod of overanticocgulation varied between different antibacte-
ricdl drugs. Awareness of these drug interactions and meore frequent moenitoring of
INR-values during the initial stages of antibacterial drug therapy are worronted
to minimize the risk of bleeding complications.

In chapter 3.5, we excamined whether patients with a deficient dietary intake
of vitamin K have can increased risk of overanticoagulation. We performed a
populction-based cohert study in @ sample of the Rotterdamm Study. The study
cohort consisted of all participants of whom dietcry intake data have een col-
lected cnd who were treated with cournarin cnticocgulamits in the study period
from the baseline visit of the Rotterdam Study (1990-1993) through December 31,
1998. All cohort members were followad uniil the first occurrence of on INR 26.0,
the last INR-assessment during the study pericd, death or end oi the study period.
The ntake of vitcmin K was calculcted from the total diet using daota on con-
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centrations of vitcrnin K, cnd vitcmin K, in foods. An intake of vitammin K below
1 ug/kg body weight per day was considered deficient. Of the 772 patients in
the cohort, 227 developed cn INR >6.0 during the study period. The nurmber of
patients in the total cohort with a deficient dietcry intake of vitcmin K was 12
(1.6%). Of the cases, seven patients (3.1%) had a deficient dietcay intake of vito-
min K. The adjusted relative risk of cveranticoagulation associcaied with a defi-
cient dietcry intake of vitormin K was 9.6 (95%C1 4.0-23.0). To minimize the risk of
bleeding complications, pctients on oral cnticoogulant therapy may be advised
to consume vitamin K-rich focds such as green, leafy vegetables.

Chapter 4 presents the levels of the vitcmin K-dependent pro- and anticoagu-
lant proteins in overcnticoaguloded patients. The levels of factor i, VIL IX and
X, protein C and S were determined in 25 rondomly selected overcmiicoagu-
lated potients (INR >6.0) and in 25 maiched controls with cn INR within the
therapeutic zone, Furthermore, 1o study a possible effect of the cause of overan-
Hecagulation, the ceagulant levels were compared between 16 overcmticoagu-
lcded patients with fever in the preceding two weeks cnd 24 overcmticoagulated
patients with stable congestive hecat failuwre. The pattern of procoaguicmt level
reductions in the three groups of overcmticoagulated potients was kugely the
same s in controls: factor X was the lowest cnd factor IX the highest. The dif-
ference was that in overanticoagulated patients facter VII was relatively low
among the procoagulont factors compeared to controls. Protein C was lower than
protein 5 in overanticoagulated patients with congestive heart failure, but was
similer 1o protein S in the other study groups. In overcnticcagulcied patients
with fever, the vitamin X-dependent coagulant levels except factor X were lower
them in overanticoagulated patients with congestive heart failure, especially
factor VII and protein S.

Chapter 5§ describes a cchort study among 7740 newly enrolled patients of
an anticoagulation clinic which was performed to compare the gueadity of orad
anticoagulant therapy between phenprocoumon cnd acenocoumearo] in three
phases of therapy: the inttiation phase (doy 1 up to day 31), the shori-term phase
{day 32 up to day 122) and the long-term phase (day 123 up to day 365). In the
short-term phase and especially the long-term phase, patients on phenprocou-
mon were more likely to spend at least 70% of the time within the therapeutic
zone, to have no INRs >6.0 and to have no INRs <2.0. Furthermore, their INRs
were closer to the target INR cnd their interval of menitoring was longer. In the
initiction phase, however, the quatity of oral amticoaguicmt therapy was dightly
better with acenccoumarol. The percentage of patients with a major hemor-
rhage did not differ substomtially between the two types of coumcrin. In conclu-
sion, for outpetients of an anticoagulation clinic phenprocoumon seems to be
preferred. Only in case a patient needs oral anticoagulemt therapy for a short
time (<6 weeks), acenocoumarol might be considered.
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Summary

Finally, in chapier 6 the main findings cre summecrized cnd the general meth-
odological issues inherent to the study of risk foctors for overamticoogulation
are discussed. In addition, the implicaiions for oral anticocguiomt therapy and
recommendertions for future research are given.
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Orale antistolling met coumnarinederivaten wordt veel gebruikt ter voorkoming
vom veneuze en arteriéle trombo-embolieén. Daze geneesmiddelen remmen de
bleedstolling door als antagenist vem vitcanine K de y-coarboxylering en docn-
mee de biologische activileit van de vitamine K-afhcmkelijke stollingsfactoran
(factor 11, VI IX and X, proteine C and S) te blokkeren. Coumarine cntcoagulan-
tit hebben een smalle therapeutische breedie. Patiénten kunnen een verschil-
lende cournarinedosering nodig hebken voor hetzelide nivecu von cntistolling.
Dacrnaast kem voor een individuele patiént de benodigde dosering variéren
over de tijd. Antistollingsbehcndeling moet daarom regelmeatig worden gecon-
froleerd. Ondomks deze controle kam de stolling te sterk worden geremd ¢het
zogencemde ‘doorschieten’). Wanneer de International Normalized Ratio (INR,
maat voor de intensiteit van antistolling) >6.0 is, neemt het rsico op gen bloe-
ding, de meest voorkomende bijwerking van coumarine anticoagulomtic, sterk
toe. Excessieve antistolling moet dus bij voorkeur worden voorkomen en dient
prompt en adequaat te worden behcandeld indien aonwezig. Alhcewel de risi-
co’s van esn doorgeschoten antistoliing duidelijk zijn, hebben de behandeling
ervam en de risicofactoren ervoor weinig aomdacht gekregen. Het meerendeel
vamn de vele onderzoeken op het gebied vam orgle antistollingsbehondeling con-
centreerden zich op de formacologische- en biochemische werking van cou-
merrines, het calibreren van de protrombinetijd, de optimale therapeutische
intensiteit en bloedingscompliccaties. Het doel vam dit prosfschrift was dacrom
orn aspecien van het doorschieten ven de cnitistolling op coumarine cnticocgu-
lantia te bestuderen bij patiénten vem een trombosedienst thoofdstuk 1).

Hoefdstuk 2 betreft de behondeling van doorgeschoten antistolling en beschrijft
het verloop van de INR na orale toediening vem vitarmine K. Oraal toegediend
vitarnine K, wordt gebruikt ter behomdeling van excessieve antistolling. Er is
geen gedeidlleerde informatie over de vercnderingen in de INR na inneming
vem vitomine K. Dacrom hebben wij de INR gemeten op de eerste zeven dogen
nct inneming van 1 tot 5 my vitemine K, bij 24 patiénten die werden behandeld
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met fenprocoumnen en esn INR >6.0 hadden. De eerste twee dagen na orcle toe-
diening vom vitarine K, nom de gerniddelde INR met 40% respectievelijk 23%
af. Na dag 2 was de proportionele vercmdering in de gemiddelde INR tussen
twee opeenvolgende dagen afhcmkelijk van de dosig vitcmnine K, en varieerde
vam een cdnomme vam 12% tot een toename van 21%. Op dag 7 was de gernid-
delde INR hoger dom op dag 2 in drie van de viff behondelingsgroepen. Tussen
dag 2 en dag 7 had, in het algemeen, 32% von de patiénten een INR binnen
het therapeutische gebied, 25% had een INR 26.0 en 8% had een INR <2.0. Deze
bevindingen suggereren daot de behandeling van doorgescheten antistolling op
phenprecournon most worden geintensiveerd teneinde de effectivitelf ervan de
verbeteren.

Hoofdstuk 3 gaat over de incidentie van en risicofacteren voor het doorschieten
van de antistolling. De hoofdstukken 3.1, 3.2 en 3.4 zijn gebaseerd op dezelide
prospectieve cohoristudie met dacrbinnen een genest patiént-controle-onder-
zoek. Hel studiecohort bestond uit alle patienten die werden behoandeld met
coumcrine cniicoagulcntia bl de Stichting Rode Kruis Trombosedienst 's-Gra-
venhage en omshreken tussen 1 december 1997 en 14 juni 1999 (n=17056).
Alle patiénten werden gevolgd tot het eerste optreden vam een INR >6.0, het
einde von hun behandeling of het einde van de shudieperiode. Het geneste
patiént-controle-onderzoek omvatte 300 patiénten met een INR 26.0 en 302 wil-
lekewrig geselecteerde coniroles met een INR binnen het therapeutische gebied,
gematcht op indexdag en siresfgebiad, Patiénten en contreles moesten stabiel
zijn ontstold in de drie moomden voorafgaande com de indexdag. Informeatie
over risicokictoren in de vier weken vocrafgaande acn de indexdag werd ver-
zarneld uit het dossier van de trombesedienst, via de huisarts en de apothesk en
door middel van een interview met de patiént. In hoofdstuk 3.1 beschrijven we
de incidentie vom doorgeschoten cntistolling en de associcatie tussen doorgescho-
ten antistolling, karakteristieken vom cmitistollingsbehomdeling en comorbiditeit.
De incidentiedichtheid vem een INR >6.0 was 7.8 per 10000 behandeldagen
voor prevalente gebruikers op de stcotdotum en 22.5 per 10000 behcndeldo-
gen voor incidente gebruikers tijdens de studieperiode. Patiénten op acenocou-
mcrol hadden een tosgenomen risico op een INR >6.0 vergeleken met patiénten
op fenprocoumon (odds ratio (OR) 1.9; 95% betrouwhacarheidsinierval (5%RI)
1.3-2.7). Chronische ziekten die waren geassocieerd met het docrschieten von de
cniistolling waren een gestoorde leverfunctie (OR 2.8; 95%Bl 1.1-6.9) en hartia-
len (OR 1.6, 95%3BI 1.04-2.6 in stabiele conditie en OR 3.0; 95%EB1 0.8-12.0 in geval
van een recidief). Acute ziekten die waren geassocieerd met doorgeschoten cmiti-
stolling weren dicaree en koorts (OR 12.8; 95%BI 1.6-104.9 respectievelik CR 2.9,
@5%BI 1.1-7.7). In. heofdsiuk 3.2 komt de rol van geneesmiddelinieracties bij het
doorschieten van de antistolling acn de orde. Vijfenveertig van de 87 potenti-
eel inferacterende geneesmiddelen werden niet gebruikt in de vier weken voor-
cafgaande acn de indexdag en slechis 15 geneesmiddelen werden gebruikt
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door ten minste tien patiénten. Fen kuur met sulfamethoxazol+rimethoprim (co-
timoxczol) verhocogde het risice op doorschieten sterk (OR 24.2; 95%BI 2.8-209.1),
met name bjj patiénten op acenocoumarol. Penicillines woren geassocieerd met
een risico op deorgeschoten antistolling van 2.4 (?5%BI 1.00-5.5). Dit effect was
beperkt tof amoxicilline+clavulacmzuur. Hoofdstuk 3.4 betreft socicaldemogradi-
sche-, leefstijl- en voedingsfactoren cls risicofactoren voor het doorschieten vomn
de amtistolling. Leeftijd, geslacht en opleidingsnivecau woren niet geassocieerd
met doorschieten. Body rmmass index (BMD - een moat voor overgewicht - was
negatief geassocieerd met het doorschieten von de antistolling (OR 2.37; 95%EBI
1.00-5.65, BMI <20 kg/m? vs >25 kg/m?), een lager don gemiddeld niveau von
Lichamelijke activitelt was positief geassecieerd met doorschieten (OR 1.61; 95%EI
1.02-2.53) en patiénten die nooit hadden gerockt hadden een grotere kans op
een INR >6.0 dan rokers (OR 1.70: 95%BI 1.02-2.84). Gebruikelifke alcoholcon-
sumptie, zelfs overmatig drinken, was niet geassocieerd met doorgeschoten anti-
stolling. Echter, een recente vermindering vem de alccholinneming verhoogde
het risico op een INR 26.0 (OR 2.79; 95%BI 1.21-6.43). Daarnaast woren gewichis-
verlies en vakcantie risicofacioren veor het deorschigten von de cmtistolling (OR
2.32; 95%BI 1.03-5.22 respectievelik OR 10.467; 95%Bl 2.48-45.88). Voedingsfac-
toren woren niet geassocieerd met doorschieten. Concluderend kom worden
gesteld dat in voorheen stabiele patiénten van een trombosedienst die fen-
procournon of acenocoumcrol gebruiken, het docrschieten van de cmtistolling
was gedassecieerd met het type anficoagulems en met sommige onderliggende
ziekten en leefstijlfacioren. Geneesmiddelinterccties ais oorzack vam het door-
schieten van de antistolling betrof met name cnibacteriéle middelen. In aan-
wezigheid van risicofactoren kan het frequenter confroleren van de INR het
doorschieten van de antistoliing en potentiéle bloedingscomplicaties mogelijk
voorkomen. Eveneens zou, indien megelifk, het gebruik von co-trimoxazol en
amoexicilline+clavulaanzuur rmoeten worden vermeden bij patiénten die coumna-
rines gebruiken.

Het cantal patiénten in het potiént-controle-onderzoek was te kein om de
associciie met doorschieten te beoordelen voor verscheidene cntibacteriéle mid-
delen. Dacrom voerden we een cnclyse uit binnen het Rotterdamse prospec-
tHeve cohortonderzoek (ERGO), teneinde te onderzosken welke antibacteriéle
geneesmiddelen ziin geassocieerd met het doorschieten van de antistolling
(hoofdstuk 3.3). Het studiecohort bestond uit alle deslnemers die werden beham-
deld met acenocoumarol of fenprecournoen in de studieperiode vom 1 april 1991
tot 31 december 1998, en van wie INR-gegevens beschikbaor waren. Alle cohort-
leden werden gevolgd tot het eerste oplreden van een INR 26.0, de laatste
INR-bepaling vanwege het einde van hun behandeling, overlijiden of einde
vem de studiepericde. Gegevens over het gebrutk van ontibacteriéle middelen
werden verkregen via regionale apctheken, Van de 1124 patiénten in het cohort
ontwikkeiden er 351 een INR >6.0. Acht antibacteriéle middelen woren geds-
socieerd met docrgeschoten antistolling. Sulfemethoxazol in combinatie met tri-
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methoprim verhoogde het risico op doorschieten het sterkst (relatief risico (RR)
20.1; 95%BI 10.7-37.9), een bevinding die sterk overeenkomt met het onderzoek
uit hoofdstuk 3.2, Stratificatie liet zien dal de periode tussen het starten van
de behandeling met het antibacteriéle geneesmiddel en het doorschigten vori-
eerde tussen verschillende cntibacteriéle middelen. Het zich bewust zijn van
deze geneesmiddelinteracties en het frequenter controleren van de INR in de
beginiase von een ontibacteriéle kuur wordt acmgeraden om het risico op bloe-
dingscompliccties te beperken.

In hooidstuk 3.5 cnderzochien we of patiénten met een deficiénie voedings-
inneming van vitcanine K een verhoogd risico op het doorschisten ven de anti-
stolling hadden. We voerden hiertoe sen cohortomalyse uit bij esn deel von
de ERGO-deelnemers. Het studiecchort bestond uit alle deelnemers van wie voe-
dingsgegevens waren verzameld en die werden behondeld met coumcrine
anticoagulantia in de studieperiode tussen de caocnvong von de ERGO-studie
(1990-1993) en 31 december 1998. Alle cohortfleden werden gevolgd ot het
cerste optreden van een INR >6.0, de laatste INR-bepaling tiidens de studie-
pericde, overlijden of einde van de studiepericde. De inneming vom vitconine
K werd berekend over de totale voeding op basis van de vilamine K - en X -
gehalten van voedingsmiddelen. Een vitamine K-inneming benheden 1 ug/kg
lichacansgewicht per dag werd als deficiént beschouwd. Von de 772 patiénten
in het cohort ontwikkelden er 227 een INR >6.0. Het comicd patiénten in het totale
cohort met een deficiénte voedingsinneming vem vitemine K was 12 (1.6%). Van
de patiénten met een doorgeschoten antistolling hadden er zeven (3.1%) een
deficiénte inneming van vitcmine K. Het gecorrigeerde relatieve risico op door-
geschoten antistolling geassociesrd met sen deficiénte voedingsinneming van
vitamine K was 9.6 (95%3BI 4.0-23.0). Teneinde het risico op bloedingscomplica-
ties zo kKlein mogelijk te houden zou patiénten op orale antistollingskehandeling
kunnen worden gedadviseerd om vitcrnine Kaike voedingsmiddelen te eten,
zodls groene bladgroentern.

Hocidstuk 4 geefl de niveaus weer von de vitamine K-cfhonkelifke pro- en
anticoagulenmte eiwitten bij patiénten met een docrgeschoten antistolling. De
niveaus vamn factor I, VIIL IX en X, proteine C en S in het plasma werden bepaald
bij 25 willekeurig geselecteerde patiénten met een doorgeschoten antistolling
(INR >6.0) en bij 25 op dog gemaichte controles met sen INR binnen het the-
rapeutische gebied. Verder werden, om een mogelijk effect van de oorzack
vom docrschieten te bestuderen, de nivecaus van de stollingseiwitten vergeleken
fussen 16 doorgescheten patiénten et koorts in de vooraigacmde twee weken
en 24 doorgeschoten patiénten met stabiel hartfalen. Het patroon van de reduc-
tie vam stollingsfactoren bij de drie greepen patiénten met een doorgeschoten
cniistolling was grotendeels hetralfde als voor de controlegroep: factor X was
het laagst en foctor IX het hoogst. Het verschil was dat bij patiénten met een
doorgeschoten antistolling factor VI relatief laag was vergeleken met de con-
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troles. Protelne C was lager dom proteine S bij doorgeschoten patidénten met
hartfclen, maor was gelik aon proteine S bij de andere studiegroepen. Bii door-
geschoten patiénten met koorts waren de nivecus van de vitamine K-afhonke-
lijke stollingseiwitten, kehalve factor X, lager dom bij dergelijfke patiénten met
hartfalen, met name factor VI en proteine 5.

Hoofdstuk 5 beschrijft een cohortonderzoek dat werd uilgevoerd bij 7740 nieuw
gertedistreerde patienten van een trombosedienst teneinde de kwdliteit van
crale antistollingshehendeling te vergelifken tussen fenprocournon en gcenocou-
merol over drie fasen van behandeling: de initictiefase (dag 1 1ot en met dag
31), de korte-termijn-fose (dag 32 tof en met dag 122) en de lange-termijn-fase
(dag 123 tof en met dag 365). In de korte-termijin-fase en met name in de lange-
termijn-fase hadden patienten op fenprocourmnon een grotere kans om tenminste
70% van de tijd INRs binnen het therapeutische gebied te hebben, cm geen INRs
>6.0 te hebben en om geen INRs <2.0 fe hebben. Docrnacst lagen hun INRs
dichter bij de streefwaczrde en was hun controleinterved lemger. In de initiciie-
fase was de kwaliteit vom orale cantistollingsbehandeling echisr iets beter mat
acenocoumarol. Het percentage patiénten met een ernstige bloedingscomplica-
He verschilde nouwelijks tussen de twee types coumcrine, Wij concluderen det
voor trombosedienstpatiénten fenprocourmon de voorkeur heeft. Alleen indien
een patiéni veor een kerie pericde (<6 weken) orale cntistollingsbhehoandeling
behoeft, kan cecenocoumarol worden overwoger.

Ten slotte worden in hoofdstuk é de belangrijkste resultaten samengevat en
bespreken we de dgemene methodologische aspecten die inherent zijn acm het
besiuderen van risicofactoren voor het doorschieten van de amtistoliing. Vervol-
gens worden de consequenties voor orale antistollingsbehondeling besproken
en canbevelingen gedaan veoor verder onderzosk.
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