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Summary y 

Background:Background: It is yet unclear whether warfarin should be stopped either abrupt or 

graduallyy after an episode of venous thromboembolism. The mode of withdrawal 

mightt influence a potential development of a hypercoagulable state, which could 

influencee the risk for recurrent disease. 

Methods:Methods: We prospectively studied 37 consecutive patients in whom warfarin was 

discontinuedd either abrupt (18) or gradually (19) (2/3 and 1/3 of the initial dose for 

onee week). Blood sampling was performed on various time points up to 18 days 

afterr complete withdrawal and was analysed for INR, prothrombin fragment F1+2 

andd D-dimer. All patients were clinically followed-up for the assessment of the 

associationn between hypercoagulability and occurrence of diseases such as 

recurrentt venous thromboembolism or malignancy. 

Results:Results: An approximately four fold increase was observed (median increase 

fromm 0.3 to 1.3 nMol/L) in F1+2 levels after both abrupt and gradual withdrawal and 

inn D-dimer concentrations in the abrupt withdrawal group (0.10 to 0.44 mg/L), while 

thosee in whom warfarin was discontinued gradually D-dimer levels increased less 

pronouncedd (0.11 to 0.29 mg/L) (non significant). During follow-up one recurrent 

venouss thromboembolic event occurred in each group and four times a diagnosis of 

cancerr was made. All these patients constituted the highest D-dimer concentrations 

measuredd in the total study group. 

Conclusions:Conclusions: This study indicates the potential for a hypercoagulable state after 

warfarinn discontinuation, which was not prevented by tapering the warfarin dose. D-

dimer,, measured two to three weeks after warfarin withdrawal might be an important 

tooll to identify patients at risk for recurrent venous thromboembolism and/or for the 

presencee of an underlying malignancy. 
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Introduction n 

Initiall administration of unfractionated or low-molecular weight heparin for 

approximatelyy one week, followed by a course of vitamin K antagonists, such as 

warfarin,, is generally accepted as the appropriate therapy for patients with an 

episodee of venous thromboembolism (1,2). The rationale of this approach is that 

heparinn immediately inhibits thrombus formation, while the low levels of coagulation 

factorr II, VII, IX and X, induced by warfarin, prevents the recurrence of thrombosis. 

Withh the availability of sensitive and specific assays, such as the measurement of 

prothrombinn fragment F1+2 (F1+2) as a marker of thrombin generation or D-dimer, 

whichh detects degradation products of cross-linked fibrin, it has become feasible to 

carefullyy monitor changes in the hemostatic balance of patients with or without 

antithromboticc therapy (3-7,8). For example, it has been documented that after one 

monthh warfarin therapy F1+2 levels decreased below the normal range, while the 

levelss of D-dimer gradually decreased during the three month treatment period, 

suggestingg a long lasting fibrinolytic activity (8). 

Thee optimal duration of vitamin K antagonists is matter of debate (9-11). A 

secondd issue is the mode of warfarin withdrawal at the end of the treatment period. 

Itt can be discontinued either abruptly or by tapering the dose. At present, there is 

controversyy in the literature about which of these approaches is more appropriate. 

Ann argument in favor of the latter policy is the potential development of a rebound 

hypercoagulablee state after cessation of warfarin therapy (3,4), which in the 

comparativee study of Palareti et al was shown to be more intense after abrupt 

withdrawal.. However, no such rebound phenomenon was observed by Tardy et al 

(5).. The potential presence of a (rebound) hypercoagulable state will only be of 

clinicall relevance if it is an indicator for an increased risk of recurrent venous 

thromboembolicc disease. Again, there is uncertainty about this issue, since the 

studyy of Kyrle et al (6) found no association between hemostatic markers and 

recurrentt thromboembolic episodes, while two other investigations suggested that 

suchh a relationship may indeed exist (3,7). 

Independentt from the presence of thrombosis, raised concentrations of 

coagulationn and fibrinolysis activation markers have been associated with the 

presencee of cancer (12). If the identification of a hypercoagulable state after warfarin 

withdrawall could identify patients with not yet clinically manifest malignant disease, 

thenn determination of these markers will also be of clinical interest for this purpose. 
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Inn the present pilot study, we prospectively determined whether in patients with 

documentedd venous thromboembolism (rebound) hypercoagulability developed after 

cessationn of warfarin therapy and, if present, would be different for patients with 

graduall withdrawal or abrupt cessation of warfarin. Furthermore, all patients were 

clinicallyy followed-up for the assessment of the association between 

hypercoagulabilityy and occurrence of diseases such as recurrent venous 

thromboembolismm or malignancy. 

Patientss and Methods 

PatientsPatients and study design 

Betweenn February 1997 and March 1998, consecutive patients who were about 

too stop warfarin therapy (therapeutic range INR= 2-3) given for a first episode of 

documentedd venous thromboembolism, seen at the anticoagulation clinic of the 

Sophiaa Hospital Zwolle, The Netherlands, were eligible for the study. After given 

informedd consent, patients were randomly assigned to either abrupt or gradual 

discontinuationn of warfarin therapy. In case of the latter, patients received a warfarin 

dosagee in the first and second week of gradual discontinuation of two-third and one-

thirdd respectively of their warfarin dosage. At entry information regarding 

demographicc risk factors for venous thromboembolism, the presence of 

thrombophilicc abnormalities (APC resistance, factor V Leiden, Protein C/protein 

S/antithrombinn deficiency/lupus anticoagulant), duration of warfarin therapy and 

meann warfarin dosage were collected. In addition, shortly before warfarin 

withdrawal,, bilateral compression ultrasound investigation of the leg deep veins 

and/orr perfusion scintigraphy was performed depending on the initial venous 

thromboembolicc event, to be used for comparison in case for recurrent symptoms. 

Alll patients were followed-up until september 1999. They were instructed to 

contactt the study centre when signs or symptoms of venous thromboembolism 

occurred.. If a patient was readmitted to a hospital for any cause, their charts were 

reviewed.. Recurrence of venous thromboembolism was assessed by ultrasound 

imagingg (a new non compressible venous segment in case of deep vein thrombosis) 

and/orr a high-probability lung scintigraphy with segmental defects at locations other 

thann present at the time of cessation of warfarin therapy. 
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LaboratoryLaboratory studies 

Bloodd sampling was performed in both study groups on day 0 (TO), 4 (T1), 9 (T2) 

andd 18 (T3) after total cessation of warfarin therapy and also before starting the 2/3 

(T-1)) and 1/3 (T-2) week period in the gradual withdrawal study group. Venous 

bloodd was sampled during the described follow-up times between 7:30 until 9:00 

a.m.. after 10 minutes seated resting. After discarding the first 5 ml, blood was 

anticoagulatedd with sodiumcitrate (0.129 M, 1/10, vol/vol), centrifuged 20 minutes at 

20000 g at a temperature between 4 and 8  C. Plasma samples were immediately 

frozenn in aliquots and stored at -80  C. 

D-Dimerr tests were performed by commercial test Tina-quant™ (Roche 

Diagnostics,, the Netherlands). Protrombin time (Innovin™, Dade Behring the 

Netherlands)) and PT-INR values were performed according to standard laboratory 

procedures.. Protrombin fragment 1+2 were performed by commercial enzyme 

immunoassayy sandwich tests (Enzygnost F1+2™, Dade Behring the Netherlands) 

andd were performed in duplicate, the variation coefficient was always lower then 

15%% and controls were always within by the manufacturer specified limits (specified 

normall range 0.4-1.1 nMol/L ; 2.5% - 97.5% CI). 

StatisticalStatistical analysis 

Wee compared continuous variables by using the Student Mest (two-sided). All 

determinedd values for INR, D-dimer and F1+2 are given as median and range. 

Statisticall significance for the possible difference in the rate of increase in D-dimer 

andd F1+2 was calculated by determining the beta (p) and standard error (se) of the 

regressionn line for each individual in both the abrupt group and gradual withdrawal 

group.. Time points for the regression line were taken up to the the maximum value 

inn each patient. The z was calculated as (Pabrupt - Pgradual) I ^^^ standard error. All 

calculationss were performed with aid of SPSS statistical software. 

Results s 

Patients Patients 

AA total of 37 consecutive patients, 19 in the gradual and 18 in the abrupt withdrawal 

group,, were included in the study. The base-line clinical characteristics of these 

groupss were comparable (Table 1). The majority of patients were treated with 
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TableTable 1 Clinical characteristics of the two study groups with either gradual or abrupt 

withdrawall of warfarin therapy. 

patients,, n 

men,, n 

meann age, years (range) 

DVT,, n 

PE,, n 

mediann length warfarin therapy, 

monthss (range) 

RiskRisk factors for venous thromboembolism 

atat the time of the initial thrombotic event 

transientt risk factors $ 

orall contraceptive use 

thrombophiliaa t 

malignancy y 

nonee of the above risk factors 

Graduall withdrawal 

19 9 

9 9 

499 (21-69) 

16 6 

5# # 

4(3-13) ) 

8 8 

5 5 

4 4 

2 2 

5 5 

Abruptt withdrawal 

18 8 

8 8 

511 (18-76) 

12 2 

6 6 

44 (3-7) 

4 4 

4 4 

5 5 

2 2 

5 5 

PEE = pulmonary embolism ; DVT = deep venous thrombosis ; 

VTEE = venous thromboembolism 

## two patients had both pulmonary embolism and deep venous thrombosis 

tt transient risk factors for venous thromboembolism, such as recent surgery, trauma or 

immobilisation n 

tt defined as the presence of factor V Leiden mutation, lupus anticoaguians or a deficiency 

off AT, protein C or S 

warfarinn for deep venous thrombosis and the median duration of warfarin therapy 

wass similar in the two groups (4 months). All patients with thrombophilia had the 

factorr V Leiden mutation. Two patients in each group were known to have cancer at 

thee time of presentation with the venous thromboembolic event. 

LaboratoryLaboratory results 

Thee median values and ranges for INR, F 1+2 and D-dimer at the different time 

pointss are detailed in Table 2. The INR had nearly normalised on day zero in the 
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TableTable 2 INR, F1+2, TAT and D-dimer levels (median and range) on different time 

pointss during/after warfarin withdrawal. 

Dayy -14 Day -7 Day 0 Day 4 Day 9 Day 18 

INR R 

gradualgradual 2.7 1.5 1.1 1.0 1.0 1.0 

(1.5-4.0)) (1.2-2.0) (1.0-1.2) (0.9-1.1) (0.9-1.1) (0.9-1.1) 

abruptabrupt 2.5 1.1 1.0 1.0 

(1.6-4.6)) (0.9-1.3) (1.0-1.1) (0.9-1.1) 

F11 +2 

(nMol/L) ) 

gradualgradual 0.30 0.41 0.78 1.10 1.30 1.25 

(0.16-0.90)) (0.28-1.42) (0.38-2.10) (0.52-1.90) (0.57-2.30) (0.67-2.30) 

abruptabrupt 0.30 0.70 1.10 1.30 

(0.20-0.60)) (0.38-1.60) (0.72-1.90) (0.62-2.50) 

D-dimer r 

(mg/L) ) 

gradualgradual 0.11 0.12 0.21 0.23 0.29 0.26 

(0.03-0.81)) (0.03-1.04) (0.03-1.24) (0.08-1.21) (0.03-1.4) (0.03-1.84) 

abruptabrupt 0.10 0.18 0.29 0.44 

(0.033 - 0.47) (0.05 -112) (0.08 - 1.24) (0.10- 2.34) 

graduall withdrawal group, i.e. one week after taking a third of the initial warfarin 

dose.. In the abrupt withdrawal group the median INR was 1.1 four days after 

stopping. . 

Inn both groups the median F1+2 plasma concentration was comparably reduced 

duringg warfarin therapy (0.30 nMol/L). Regardless whether withdrawal was abrupt or 

graduall the F1+2 plasma levels increased to approximately 1.30 nmol/L after two to 

threee weeks with a similar slope, although a clear plateau was reached only in the 

graduall withdrawal group (Table 1, Figure 1). In each group about half of the 

patientss had F1+2 levels exceeding the upper normal limit, usually at the end of the 

observationn period. 

Thee median D-dimer level increased from 0.11 mg/L on day -14 to a maximum of 

0.299 mg/L on day 9 in the gradual withdrawal group, whereas in the abrupt 
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F1+22 gradual 

F1+22 abrupt 

D-dimerr gradual 

D-dimerr abrupt 

Day y 

FigureFigure 1 Evolution of F1+2 and D-dimer concentrations (median) after abrupt and gradual 

discontinuationn of warfarin therapy. 

22 5 

CRR

RR . CN * 

..

::
i i 

a a * * 

CP P 

RR . CN

C R " ' ' 

 : 

(Graduall withdrawal Abruptt withdrawal 

FigureFigure 2 Maximum D-dimer concentrations of all the individual study patients after abrupt 

andd gradual discontinuation of warfarin therapy and occurrence of recurrent venous 

thromboembolismm and/or cancer during follow-up ( R= recurrent venous thromboembolism : 

CRR cancer recurrence ; CN new diagnosis of cancer ; CP progression of already known 

activee cancer at study entry ). 
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withdrawall group D-dimer increased from 0.10 on day zero to 0.48 mg/L on day 18 

(Tablee 1, Figure 1). The time to the maximum D-dimer level (corresponding with the 

slopee for each individual patient) was significantly shorter in the abrupt withdrawal 

groupp (p=0.04). However, no significant differences between the two groups were 

foundd when the highest D-dimer level observed for each individual patient was taken 

intoo account (Figure 2). As was observed for F1+2, the D-dimer levels clearly had 

reachedd a plateau in the gradual withdrawal group, whereas this appeared not to be 

thee case in the abrupt withdrawal group. 

Follow-up Follow-up 

Thee follow-up period ranged from 18 to 31 {median 22) months. With respect to 

outcomee during the follow-up, the relation with D-dimers is presented first. Outcome 

eventss were observed in 5 of the 37 patients, one patient in the gradual withdrawal 

groupp and four patients in the abrupt withdrawal group (Figure 2). The patient in the 

formerr withdrawal group presented with an extensive venous thrombosis of the short 

saphenouss vein, two months after warfarin withdrawal. Furthermore, lung cancer 

wass diagnosed in this patient 13 months after the initial thromboembolic event, he 

diedd 5 months later of this disease. His highest D-dimer concentration during the 

initiall study period was 1.84 mg/L (Figure 2). In the abrupt withdrawal group one 

patientt developed recurrent pulmonary embolism, diagnosed by the presence of 

neww mismatched ventilation/perfusion defects, three months after cessation of 

warfarinn therapy. The follow-up of this patient was further complicated by a 

diagnosiss of colon cancer 11 months after the initial venous thromboembolic event. 

Inn this patient the highest D-dimer level after discontinuation of warfarin was 0.94 

mg/LL (Figure 2). The events in the remaining three patients in the abrupt withdrawal 

groupp were cancer related events. The patient with the highest D-dimer in the abrupt 

withdrawall group (2.34 mg/L) had a lobectomie in 1996 because of non-small cell 

lungg cancer. He presented shortly thereafter with pulmonary embolism without any 

signss of recurrence of lung cancer. Three months after cessation of warfarin therapy 

recurrentt lung cancer was diagnosed and he died one year later because of 

progressivee disease. The D-dimer level of 1.03 mg/L belonged to a patient with 

initiallyy deep venous thrombosis and concomitant lung cancer with liver metastases 

whoo died six months after warfarin withdrawal because of widely disseminated 

diseasee without signs of recurrent venous thromboembolism. The last patient with 
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oo gradual withdrawal 

 abrupt withdrawal 

00 0,5 1 1,5 2 2,5 3 

F1+2(nmol/L) ) 

FigureFigure 3 Correlation of maximum F1+2 with D-dimer concentrations of all the individual 

studyy patients after abrupt and gradual discontinuation of warfarin therapy, 

ann event during the follow-up period (D-dimer level of 0.83 mg/L during the initial 

observationn period) had a diagnosis of uterine cancer followed one year later by 

deepp venous thrombosis without signs of recurrent cancer. Two years later she 

developedd massive ascites caused by disseminated uterine cancer. 

Alll above described patients with events during the follow-up period had 

maximumm D-dimer levels after warfarin withdrawal of at least 0.82 mg/L. In the 

remainingg 32 patients clinical follow-up was uneventful and all had D-dimer levels < 

0.822 mg/L after warfarin withdrawal. No such cut-off value for an increased risk of 

eventss after warfarin withdrawal was observed for F1+2 plasma concentrations 

sincee no clear correlation was observed between the highest F1+2 and D-dimer 

afterr warfarin withdrawal (Figure 3). 

Discussion n 

Althoughh there is general consensus that warfarin is the drug of choice for 

secondaryy prophylaxis in patients with venous thromboembolism, it is unclear 

whetherr warfarin should be stopped either abrupt or gradually (3-7). The debate 

focussess on whether warfarin discontinuation after several months of therapy could 

£-.£-. o 

=dd 1,5 
e e 
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inducee a (rebound) hypercoagulable state and is associated with increased risk of 

recurrentt venous thromboembolism. 

Inn the present study we found an approximately four-fold increase (median 

increasee from 0.3 to 1.3 nMol/L) in F1+2 levels after both abrupt and gradual 

withdrawall (Table 1). Two-third of patients in both groups had maximum F1+2 

concentrationss exceeding the upper normal limit, whereas some patients reached a 

concentrationn of more than two times the normal limit (Figure 3). We cannot exclude 

aa further rise in F1+2 in the acute withdrawal group beyond day 18 in our study, 

sincee no further measurements were performed. However, the curve for F1+2 

concentrationss started levelling off and results from other studies indicate that in 

mostt cases a maximum is reached within three weeks after abrupt warfarin 

withdrawall (3,4,7). Therefore, taken together these findings indicate that after 

warfarinn withdrawal there appears to be a transient hypercoagulable state, which 

appearss not to be different between the two withdrawal groups. These observations 

aree in agreement with those of Palareti and associates (3). 

D-dimerr levels increased also approximately four fold in the abrupt withdrawal 

groupp (0.10 to 0.44 mg/L), while those in whom warfarin was discontinued gradually 

thiss was less pronounced (0.11 to 0.29 mg/L). Although a statistically significant 

differencee for the maximum D-dimer levels between the two groups was not 

observed,, the time to the maximum D-dimer level (corresponding with the slope for 

eachh individual patient) was significantly shorter in the abrupt withdrawal group 

(p=0.04)) (Figure 1). The discrepancy between D-dimer and F1+2 in the two 

withdrawall groups is not fully understood. Given the similarities in thrombin 

generationn as reflected by F1+2, the sharper rise of D-dimer concentrations 

observedd in the abrupt withdrawal group are more likely a reflection of an efficient 

fibrinolyticc activity rather than an expression of more fibrin formation. 

Ourr study is to small to determine the clinical relevance of changes in these 

markerss on recurrent venous thromboembolism. Only two recurrent venous 

thromboembolicc events occurred during the follow-up period, one patient in each 

studyy group. Interestingly both had high D-dimer levels and moderately elevated 

F1+22 levels, shortly after discontinuation of warfarin therapy (Figure 2 and 3). Since 

itt is known from other studies that clustering of thromboembolic events occurs within 

weekss after cessation of warfarin therapy, it may be useful to prospectively 

documentt the predictive value of increased D-dimer concentrations after cessation 
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off warfarin therapy for the risk of recurrent venous thromboembolism (11). This 

conceptt is supported by the observations in two other small studies which also 

foundd some predictive power of increased D-dimer concentrations (3,7). However, 

onee other large study, designed to analyse the potential use of F1+2 for 

identificationn of individuals at risk for recurrent venous thromboembolism, concluded 

thatt this monitoring was not helpful (6). D-dimer concentrations in that study were 

nott determined. 

Ourr follow-up findings suggest that high D-dimers may be caused by an 

underlying,, often occult, malignancy (Figure 2). In four patients cancer was 

diagnosedd (two recurrences and two de novo) of which no signs were present either 

att the onset of the venous thromboembolic event or at the time of warfarin 

withdrawal.. Another patient died because of known active cancer. All these patients 

hadd a D-dimer level of at least 0.82 mg/L and constituted the highest levels 

measuredd in the total study group. Although most of these patients also had 

elevatedd F1+2 levels after warfarin withdrawal, the discriminative power to indicate a 

possiblee complicated follow-up was less useful with F1+2 concentrations (Figure 3). 

Thiss interesting observation of D-dimer as a possible marker of underlying malignant 

diseasee should be tested in a larger cohort of patients who discontinue warfarin 

therapyy for an episode of venous thromboembolism. 

Inn conclusion, this study indicates the potential for a hypercoagulable state, which 

wass not prevented by tapering the warfarin dose. D-dimer, measured 2 to 3 weeks 

afterr warfarin withdrawal might be an important tool to identify patients at risk for 

recurrentt venous thromboembolism and/or for the presence of an underlying 

malignancy. . 
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