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ABSTRACT T 

AA great number of clinically significant drug interactions with vitamin K antagonists 

(VKA)) have been reported and are frequently mentioned as an explanation for under and 

overcoagulation.. In this study, we evaluated the influence of frequently administered co-

medicationss on the stability of the International Normalized Ratio (INR). The study 

populationn consisted of patients who participated in two randomised clinical trials on 

thee initial treatment of venous thromboembolism. The time spent in the different INR 

rangess between patients who continuously used one of the sixteen most frequently 

administeredd co-medications and two control groups was compared. After correction for 

multiplee testing, no differences in time spent in the INR ranges were observed for any of 

thee studied co-medications. Adjustments for baseline variables did not change these 

findings.. Therefore, although many pharmacological agents may interact with VKA's in 

clinicall practice, these drug interactions seem not to influence the stability of 

anticoagulationn to a significant extent can be safely prescribed in patients using VKA. 
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INTRODUCTION N 

Vitaminn K antagonists (VKA) are used for the treatment and prevention of 

thromboembolicc complications in patients with atrial fibrillation, venous 

thromboembolicc disease and mechanical heart valves1. There is a wide variability in the 

requiredd dose of VKA among patients2. In addition, since even the required dose in an 

individuall patient may vary over time, frequent INR monitoring is mandatory to ensure a 

stablee level of anticoagulation and dose-adjustments have to be made to maintain the 

INRR in the therapeutic range. The risk of side effects in terms of thromboembolic and 

hemorrhagicc complications are clearly related to the intensity of anticoagulation3. 

Consequently,, a level of anticoagulation can be found at which both complications are 

lowest,, defined as the optimal therapeutic range. The incidence of the thromboembolic 

andd bleeding events rises sharply below or above this therapeutic range, respectively4. 

Previouss studies have identified several disturbing factors responsible for over- or 

undercoagulation.. Underlying clinical disorders, for example congestive heart failure, 

malignancyy and intercurrrent infection, and genetic polymorphisms in the cytochrome 

P4500 CYP 2C9 responsible for the metabolisation of VKA are important causes of 

overanticoagulation56.. In addition, a considerable number of relevant drug interactions 

withh VKA have been described78. Antimicrobial agents are only one example of the 

extensivee list of co-medications which interfere with VKA910. However, the absence of an 

interactionn with VKA, which may provide useful information for daily clinical practice, is 

rarelyy reported. 

Thee aim of our study was to evaluate the influence of continuous use of frequently 

prescribedd co-medication on the stability of the INR and to detect potentially disturbing 

clinicallyy significant interactions. We used the datasets of two large clinical trials of 

patientss with venous thromboembolic disease and determined the percentage time 

spentt in the target range during the concomitant use of various co-medications. 

METHODS S 

Patients Patients 
Dataa for the present analysis were derived from the Tasman-study and Columbus-study 

database1112.. Briefly, in these two multicenter randomised clinical trials, the efficacy 

andd safety of two treatment strategies for the initial treatment of patients with 

symptomaticc venous thromboembolism was evaluated, i.e. intravenous unfractionated 

heparinn versus low molecular weight heparin. The presence of venous 

thromboembolismm was confirmed by objective methods. In both studies, patients were 

randomlyy assigned to receive study drug for at least 5 days. Treatment with VKA was 

startedd either directly or the next day and continued for al least three months with a 
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targett INR range between 2.0 and 3.0. An INR measurement was obtained every two or 

threee weeks or more often, if indicated. For the present study, we used the data from 

thee period between cessation of initial heparin treatment and the last INR 

measurementt before discontinuation. 

EstimationEstimation of time spent in the INR ranges 
Thee percentage time spent in the different INR ranges (INR < 2.0; INR 2.0-3.0; INR > 

3.0)) was calculated using linear interpolation1314. This method assumes that an INR 

valuee between two consecutive measurements varies linearly from the value of the first 

too the value of the second measurement. If the number of days between two 

consecutivee measurements exceeded 28, the INR was considered not predictable for 

thee middle part of this interval. For example, if the time between two consecutive INR 

measurementss was 32 days, the INR level in the 4 days in the middle was considered to 

bee missing. If the number of days spent in the target INR range could not be calculated 

att all, patients were excluded from analysis. 

Co-medication Co-medication 
Completee data on co-medication use was available for the entire cohort of patients 

participatingg in the two trials. Co-medication, which were administered continuously 

duringg the study period and which were prescribed in at least 30 patients were 

evaluated.. Topical co-medication and co-medication with a potential irregular or 

infrequentt use were excluded from the analysis. 

DefinitionDefinition of controls 
Controlss were defined in two ways. First, for each co-medication that was evaluated a 

separatee control group was composed. For example, when medication A was evaluated, 

alll other patients who did not use medication A served as controls. Consequently, the 

numberr of controls varied with this method for each medication evaluated. For the 

secondd method, the patient group without any co-medication served as the control 

group.. The number of controls in this case did not vary. All studied co-medications were 

comparedd with both the control methods. 

StatisticalStatistical analysis 
Differencess in the percentage time spent in three INR ranges (INR < 2.0; INR 2.0-3.0; 

INRR > 3.0) between two groups were evaluated using the Hotelling-Lawley Trace test. 

Sincee a large number of independent tests were performed, the family-wise error rate 

(FWER)) defined as the probability that there is a single type 1 error in the entire set of 

hypothesess tested, will increase substantially. Therefore, the False Discovery Rate 

proceduree was used to control the FWER15. A p-value of less than 0.05 was considered 

134 4 



Chapterr 9 

too indicate statistical significance. The SAS package (release 8.02 SAS Institute Inc, 

Cary,, NC, USA) was used for the statistical analysis. 

RESULTS S 

AA total of 1421 patients were included in the two randomised treatment studies. Of 

thesee patients, 92 (6%) patients were not included in the present analysis because it 

wass impossible to calculate the percentage time spent in target range, due to missing 

orr incomplete INR results (71 patients), missing cessation dates of heparin treatment (1 

patient)) or VKA treatment (21 patients). Baseline characteristics of the remaining 1329 

patientss are summarized in Table I. The mean observation period after cessation of 

heparinn treatment was 71 days (SD 20 days). The mean number of INR measurements 

perr patient was 11. 

Tablee I. Baseline and clinical characteristics of the 1329 study patients 

Characteristicc n (%) 

Meann age (SD) 61 (17) 

Malee sex 763 (57) 

Presencee of pulmonary embolism 245 (18) 

Presencee of cancer 272 (21) 

Typee of vitamin K antagonists 

warfarinn 922 (69) 

acenocoumaroll 285 (21) 

unknownn 122 (9) 

SDD = standard deviation; VTE = venous thromboembolism 

Inn Tables II and III the mean percentage time spent in INR zones are given for 

patientss with the sixteen different co-medications. The time spent in the therapeutic 

rangee varied for these patients between 50.1% and 59.4%. After adjustment for 

multiplee testing, no differences in the mean percentage time spent in the INR zones 

weree found between the groups with a specific co-medication and the controls for any of 

thee sixteen drugs. Correction for the baseline variables, age, gender, presence of cancer, 

typee of venous thromboembolism (PE or DVT) and type of vitamin K antagonists did not 

alterr these findings. 
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T a b l ee II. Time spent in INR-zones for sixteen co-medications compared to the control group 

(definedd as the group of patients who did not use that type of the medications) 

Co-medication n INRR (% time in range) p-valuee p-vatue (adjusted) 

<2.0 0 2.0-3.00 > 3.0 

atenololl (n=32) 
controlss (n=1295) 

captoprill (n=34) 
controlss (n=1295) 

digoxinn (n=70) 
controlss (n=1259) 

diltiazemm (n=45) 
controlss (n=1284) 

enalaprill (n=72) 
controlss (n=1257) 

ferrouss fumarate (n=38) 
controlss (n=1291) 

furosemidee (n=103) 
controlss (n=1226) 

hydrochlorothiazidee (n=47) 
controlss (n=1282) 

isosorbidee nitrate (n=40) 
controlss (n=1289) 

lorazepamm (rt=60) 
controlss (n=1269) 

nifedipinee (n=41) 
controlss (n=1288) 

omeprazoll (n=46) 
controlss (n=1283) 

oxazepamm (n=46) 
controlss (n=1283) 

prednisonee (n=42) 
controlss (n=1287) 

ranitidinee (n=107) 
controlss (n=1222) 

thyroxinn (n=42) 
controlss (n=1287) 

21.1 1 
22.5 5 

29.7 7 
22.3 3 

27.0 0 
22.3 3 

21.4 4 
22.5 5 

20.8 8 
22.6 6 

20.7 7 
22.6 6 

24.6 6 
22.3 3 

25.3 3 
22.4 4 

26.3 3 
22.4 4 

21.2 2 
22.6 6 

22.7 7 
22.5 5 

20.3 3 
22.6 6 

23.7 7 
22.5 5 

17.5 5 
22.7 7 

28.2 2 
22.0 0 

20.1 1 
22.6 6 

57.3 3 
55.3 3 

53.6 6 
55.4 4 

50.4 4 
55.7 7 

55.7 7 
55.4 4 

54.8 8 
55.4 4 

51.3 3 
55.5 5 

52.2 2 
55.7 7 

57.4 4 
55.3 3 

50.1 1 
55.6 6 

53.5 5 
55.5 5 

52.0 0 
55.5 5 

57.6 6 
55.3 3 

58.7 7 
55.3 3 

56.5 5 
55.4 4 

54.1 1 
55.5 5 

59.4 4 
55.3 3 

21.6 6 
22.1 1 

16.7 7 
22.2 2 

22.6 6 
22.1 1 

23.0 0 
22.1 1 

24.4 4 
22.0 0 

27.9 9 
21.9 9 

23.2 2 
22.0 0 

17.2 2 
22.3 3 

23.6 6 
22.1 1 

25.3 3 
21.9 9 

25.4 4 
22.0 0 

22.1 1 
22.1 1 

17.6 6 
22.3 3 

26.0 0 
22.0 0 

17.7 7 
22.5 5 

20.5 5 
22.2 2 

0.89755 0.9341 

0.13899 0.7054 

0.13322 0.7054 

0.93411 0.9341 

0.66077 0.8132 

0.29066 0.7054 

0.36488 0.7054 

0.33411 0.7054 

0.34322 0.7054 

0.55700 0.7851 

0.58888 0.7851 

0.75788 0.8661 

0.39688 0.7054 

0.29588 0.7054 

0.01477 0.2352 

0.55300 0.7851 
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Tab lee III. Time spent in INR-zones for sixteen co-medications compared to the control group 
withoutt anv co-medication. 

Co-medication n INRR (% time in range) p-valuee p-value (adjusted) 

<2.0 0 2.0-3.0 0 >3.0 0 

atenolptatenolpt (n=32) 
controlss (n=238) 

captopfill (n=34) 
controlss (n=238) 

digoxinn (n=70) 
controlss (n=238) 

diltiazemm (n=45) 
controlss (n=238) 

enalapri!! (n=72) 
controlss (n=238) 

ferrouss fumarate (n=38) 
controlss (n=238) 

furosemidee (n=103) 
controlss (n=238) 

hydrochlorothiazidee (n=47) 
controlss (n=238) 

isosorbidee nitrate (n=40) 
controlss (n=238) 

lorazepamm (n=60) 
controlss (n=238) 

nifedipinee (n=41) 
controlss (n=238) 

omeprazoll (n=46) 
controlss (n=238) 

oxazepamm (n=46) 
controlss (n=238) 

prednisonee <n=42) 
controlss (n=238) 

ranitidinee (n=107) 
controlss (n=238) 

thyroxinee (n=42) 
controlss (n=238) 

21.1 1 
21.2 2 

29.7 7 
21.2 2 

27.0 0 
21.2 2 

21.4 4 
21.2 2 

20.8 8 
21.2 2 

20.7 7 
21.2 2 

24.6 6 
21.2 2 

25.3 3 
21.2 2 

26.3 3 
21.2 2 

21.2 2 
21.2 2 

22.7 7 
21.2 2 

20.3 3 
21.2 2 

23.7 7 

21.2 2 

17.5 5 
21.2 2 

28.2 2 
21.2 2 

20.1 1 
21.2 2 

57.3 3 
55.8 8 

53.7 7 
55.8 8 

50.4 4 
55.8 8 

55.7 7 
55.8 8 

54.8 8 
55.8 8 

51.3 3 
55.8 8 

52.2 2 
55.8 8 

57.4 4 
55.8 8 

50.1 1 
55.8 8 

53.5 5 
55.8 8 

52.0 0 
55.8 8 

57.6 6 
55.8 8 

58.7 7 

55.8 8 

56.5 5 
55.8 8 

54.1 1 
55.8 8 

59.4 4 
55.8 8 

21.6 6 
23.0 0 

16.7 7 
23.0 0 

22.6 6 
23.0 0 

23.0 0 
23.0 0 

24.4 4 
23.0 0 

27.9 9 
23.0 0 

23.2 2 
23.0 0 

17.2 2 
23.0 0 

23.6 6 
23.0 0 

25.3 3 
23.0 0 

25.4 4 
23.0 0 

22.1 1 
23.0 0 

17.6 6 
23.0 0 

26.0 0 
23.0 0 

17.7 7 
23.0 0 

20.5 5 
23.0 0 

0.9447 7 

0.0815 5 

0.1045 5 

0.9987 7 

0.9239 9 

0.5047 7 

0.3079 9 

0.2769 9 

0.2609 9 

0.7837 7 

0.6513 3 

0.8973 3 

0.3836 6 

0.5102 2 

0.0160 0 

0.6810 0 

0.9987 7 

0.5573 3 

0.5573 3 

0.9987 7 

0.9987 7 

0.9070 0 

0.8211 1 

0.8211 1 

0.8211 1 

0.9987 7 

0.9905 5 

0.9987 7 

0.8768 8 

0.9070 0 

0.2560 0 

0.9905 5 
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Sixteenn different co-medications met our predefined criteria and were analysed. The 

numberr of patients using any of these drugs varied between 32 (atenolol) and 107 

(ranitidine).. The time spent in the therapeutic range (INR 2.0-3.0) for the controls not 

usingg any of the analysed agents varied between 55.3% and 55.7%. The group of 

controll patients without any co-medication consisted of 238 patients. The time spent in 

thee therapeutic range was 55.8% in this group. 

DISCUSSION N 

Wee studied the influence of co-medication on the stability of the INR in patients using 

VKA.. For this purpose, sixteen continuously prescribed medications were analysed 

comparingg the percentage time spent in the INR zones between patients who used one 

off these frequently administered drugs with two different control groups. The findings 

demonstratee that none of these medications induce relevant changes in the INR 

distribution. . 

Thee absence of a clean drug interaction between VKA and these regularly 

prescribedd co-medications reveals important information for clinical practice. First, it 

appearss that these medications can be safely administered to VKA users and second, 

theree will be no necessity for increased monitoring of the INR. 

Severall methodological aspects of our study design and findings require comment. 

Informationn for this analysis was obtained from two multicenter randomised trials 

comparingg two treatment strategies for the initial treatment of venous 

thromboembolism,, i.e. intravenous unfractionated heparin versus low molecular weight 

heparin.. The follow-up period in the trials was limited to 12 weeks after the start of the 

initiall treatment. Ideally, a prolonged observation period would be more sound to detect 

changess in INR levels. Recruitment for these trials was based on rigid criteria. This could 

havee led to a selective group of patients, which are less susceptible to changes in INR 

levels. . 

Eachh test has a chance of a false positive result when there is no real difference. 

Consideringg a p-value of less than 0.05 as statistical significant, the probability of a 

falsee positive test is 5% in a single independent test. Since this chance increases with 

multiplee testing, we used the false discovery rate (FDR)-controlling procedure. In our 

analysis,, one out of the sixteen frequently used co-medications (ranitidine) revealed a 

significantt INR change. However, after adjustment for multiple testing with the FDR-

method,, no differences were observed for any of the sixteen co-medications. 

Theree remain several conditions in which careful monitoring of the INR is 

mandatory.. In the present analysis we only studied patients with chronic use of co-

medication.. It is well known that the initiation or discontinuation of co-medication may 

bee associated with clinically relevant INR changes16. Mechanisms responsible for this 
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interactionn are diverse. Several medications alter the binding of VKA with albumin. By 

displacingg VKA f rom its binding site, a rise in concentration of free VKA may result in an 

increasedd anticoagulant effect. Metabolic interactions, particularly the inhibit ion or 

inductionn of the cytochrome P-450 system results in disturbances of circulating VKA 

levels7.. In addit ion, impaired liver funct ion, congestive heart fai lure, diarrhea and fever 

alsoo turned out to be independent risk factors for overcoagulation17 . In these conditions, 

thee use of phenprocoumon instead of acenocoumarol should be considered, since a 

long-actingg VKA may results in more stable ant icoagulat ion1 8 . 

Thee number of drug interactions between VKA and other medications is extensive. 

However,, it is diff icult to predict which interaction is clinically relevant. Serious 

interactionss have been reported with the the use of r i fampicin, amoxicil l in in 

combinat ionn with clavulanic acid and miconazole9 1 0 . Acetominophen is one of the most 

frequentlyy used medications. The absence of antiplatelet properties makes it an 

interestingg analgesic drug for patients using VKA, instead of NSAIDs. Hylek et al. 

identifiedd in a case-control study that intake of acetominophen of more than 5g /week 

wass associated with a 7 to 10-fold increased risk for having an INR greater than 6.0, but 

thiss observation was likely to be confounded by the illness necessitating the 

acetominophenn use19. Other studies did not conf irm this observation20 :21 . 

Inn conclusion, this study shows that the continuous use of frequently prescribed co-

medicationss was not associated with a change in INR values. Thus it appears that these 

co-medicationss can be safely prescribed in VKA-users without increased monitor ing of 

thee INR values. 
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