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Abstract t 

Treatmentt of patients with deep vein thrombosis and an antithrombin or pro-
teinn C or S deficiency is based on case reports and personal experience. The 
objectivee of this study was to systematically assess the risk of recurrence of 
venouss thromboembolism after a first venous thromboembolic episode in pa-
tientss with these deficiencies. For this purpose, a literature review and a ret-
rospectivee family cohort study were performed. For the literature review, the 
annuall  incidence of a first recurrent venous thromboembolism was assessed 
forr each deficiency by dividing the number of venous thromboembolic events 
byy the number of years at risk. For the family cohort study, 1- and 5-year 
cumulativee incidences of first recurrence were calculated based on medical 
historiess taken in relatives of consecutive patients in whom venous thrombo-
embolismm and a deficiency were diagnosed. For the literature review, the an-
nuall  incidence of a first recurrent venous thromboembolism in patients with 
antithrombinn or protein S deficiency ranged from 13% to 17% and 14% to 
16%,, respectively. For the family cohort study, the 1- and 5-year cumulative 
incidencess of recurrent venous thromboembolism were 10% (95% CI, 1%-19%) 
andd 23% (95% CI, 10%-36%), respectively. Warfarin sodium (Coumadin) pro-
phylaxiss was associated with 2 venous thromboembolic events in 141 years at 
riskk (1.4% per year), in constrast with 19 events in 709 years at risk (2.7% 
perr year) without prophylaxis (difference, -1.3%; 95% CI, -3.5% to 1.0%). In 
conclusion,, the annual incidence of recurrent venous thromboembolism is 
highh during the first years following a first episode, but seems to decline 
thereafter.. Therefore, our results challenge current practice of prescribing 
lifelongg warfarin therapy after a first or second episode of venous thrombo-
embolismm in patients with antithrombin, protein C or S deficiency. 
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Introductio n n 

Inn 1965, Egeberg described an inherited thrombophilic condition related to a 
deficiencyy of the natural anticoagulant antithrombin.1 Since then, many 
otherr biochemical abnormalities of the hemostatic system resulting in a ten-
dencyy for thrombosis have been described.2 A recent systematic review con-
firmedfirmed the association between the occurrence of venous thromboembolism 
andd deficiencies of antithrombin, protein C and protein S.3 The annual inci-
dencee of venous thromboembolism in asymptomatic carriers of an antithrom-
binn or protein C or S deficiency estimated herein and in 2 other studies,4-5 

variedd from 9 to 30 per 1000 patients per year. Approximately half of these 
episodess were preceded by surgery, trauma or childbirth. Hence, the low an-
nuall  incidence of a first spontaneous thrombotic episode of 5 to 15 per 1000 
patientss per year suggests that continuous use of anticoagulant prophylaxis 
iss not routinely indicated, since the risks for major and fatal bleeding associ-
atedd with warfarin sodium (Coumadin) therapy (at an international normal-
isedd ratio of 2-3) are 20 to 30 and 4 events, respectively, per 1000 patients per 
year.6 6 

Inn contrast, prophylactic strategy in deficient patients who have experienced 
11 or more episodes of venous thromboembolism is based on clinical experience 
ratherr than on empirical data on the long-term risk for recurrence, since this 
riskrisk has not been evaluated, and the benefits of warfarin therapy are specu-
lative.. To increase our knowledge of the risk for recurrent venous thrombo-
embolismm in patients with a prior episode and a deficiency of antithrombin, 
proteinn C or S, we performed 2 studies. First, a systematic literature review3 

wass performed to summarise evidence concerning these deficiencies available 
inn published family studies. Second, a retrospective family cohort study4 in 2 
Europeann centres was conducted in relatives of probands with these deficien-
cies. . 

Subjectss and methods 

LiteratureLiterature review 
AA MEDLINE search (January 1, 1965 to December 31, 1992) was performed 
too retrieve all clinical articles on hereditary antithrombin, protein C and S 
deficiencies.. For this search, the keywords were antithrombin, protein C, pro-
teinn S, thrombosis, and etiology. In addition, the reference lists of pertinent 
articless and review articles were scanned, and a computer-assisted search of 
CurrentCurrent Contents was used to retrieve the most recent articles. Articles were 
reviewedd independently by 2 of us (A.G.M.V. and M.H.P.). Discrepancies 
weree discussed to arrive at a unanimous decision. 
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Articless reporting on antithrombin and protein C and S deficiencies were eli-
giblee for inclusion in our study if the following criteria were fulfilled: the re-
portt presented 1 or more probands with thrombotic disease and 1 of the 3 
deficiencies;; the presence of the deficiency was assessed in family members 
independentt of a history of thrombotic disease; a history of thrombotic dis-
easee was assessed in all available family members; and a thorough and sys-
tematicc search for recurrent venous thromboembolism was implicitly 
performed.. A family was excluded if more than 1 biochemical deficiency was 
found. . 

Fromm each eligible report, we extracted information on the type of defect, 
eachh family member with a deficiency and a first episode of venous thrombo-
embolism,, age at time of publication, age at onset of thrombosis, and length 
off  follow-up after the first episode. Furthermore, the occurrence, number and 
timingg of recurrent thromboembolic events were recorded. Recurrence status 
wass classified as present, absent or unknown (if status was not reported or 
reportedd as unknown). 
Iff  ages were not specifically mentioned, data were extracted from the pre-
sentedd survival curve(s). Otherwise the ages were estimated, as previously 
reported,, by review of the pedigree, with a 20- and 25-year interval between 
generations,, and a 1- and 2-year interval between siblings.3 

Forr each type of deficiency, the annual incidence of recurrent venous throm-
boembolismm for patients at risk was calculated by dividing the number of pa-
t ientss with a recurrent event by the total length of follow-up. 
Sincee we included only studies in which a systematic search for recurrent ve-
nouss thromboembolism was implicitly performed, patients with unknown re-
currencee status were treated in the analysis as not having suffered a 
recurrence.. For all patients, the time from the first episode of venous throm-
boembolismm until the first recurrence or end of follow-up was estimated using 
thee age at the time of the first episode and the age at the time of the first re-
currencee or the (estimated) age at the end of follow-up. Since duration of fol-
low-upp was not specified in some patients, a conservative estimate (upper 
limit )) of the annual incidence of recurrent venous thromboembolism was cal-
culatedd by assigning 0 in all patients with unknown duration of follow-up. A 
lowerr limi t was assessed using the observed median in patients with a re-
portedd follow-up time for patients with a missing follow-up time. This re-
sultedd in a range for the annual incidence of the risk for recurrent venous 
thromboembolism. . 

FamilyFamily cohort study 
Thee study subjects were family members of consecutive patients presenting 
too 1 of the 2 participating centres and in whom venous thromboembolism and 
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aa deficiency of antithrombin or protein C or S was diagnosed. A medical his-
toryy was obtained in consenting relatives, with specific attention to episodes 
off  venous thromboembolism. The investigator who took the history (B.J.S. or 
P.S.)) was unaware of the deficiency status of the study subjects. An episode of 
venouss thromboembolism was counted only if it had been confirmed using 
objectivee methods (for deep vein thrombosis, using ultrasound, impedance 
plethysmography,, or venography; for pulmonary embolism, using pulmonary 
angiographyy or ventilation-perfusion scan) or anticoagulant treatment had 
beenn administered for at least 3 months in patients with clinically suspectd 
(undocumented)) venous thromboembolism. 
Afterr recording the history, blood samples were collected to determine the de-
ficiencyficiency status of the subject. Blood samples (20mL) were collected using 
venipuncturee with 21-gauge butterfly infusion sets in a plastic syringe con-
tainingg 3.8% (weight-volume) sodium citrate in a volume ratio of 0.1:0.9 (an-
ticoagulant-blood).. Platelet-poor plasma was obtained by centrifugation at 
2,0000 g for 20 minutes and stored at -80° Celsius until it was analysed. Anti-
thrombinn antigen concentrations were measured using the Asseraplate Anti-
thrombinn II I Ki t (Boehringer Mannheim, Mannheim, Germany) and 
antithrombinn activity was measured using Behrichrom ATII I (Behringwerke, 
Marburg,, Germany). Protein C antigen concentrations were measured with 
enzyme-linkedd immunosorbent assay with rabbit anti-protein C polyclonal 
(DAKO,, Glostrup, Denmark) as catching antibody. Rabbit anti-protein C 
polyclonall  horseradish peroxidase conjugated antibody (DAKO) was used as a 
secondd antibody according to the instructions of the manufacturer. Protein C 
activityy was measured using the FP Protein C Reagent-Kit (Behringwerke). 
Concentrationss of total and free protein S were measured using en-
zyme-linkedd immunosorbent assay, with rabbit anti-protein S polyclonal an-
tibodyy (DAKO). The 15C4 anti-protein S monoclonal antibody (Serbio, 
Gennevilliers,, France) was used as catching antibody, and the rabbit 
anti-proteinn S polyclonal horseradish peroxidase conjugated antibody 
(DAKO),, diluted 1:1000, was used as a second antibody. The 15C4 
anti-proteinn S monoclonal antibody recognised only free protein S antigen. 
Proteinn S activity was measured using the Protein S IL-Ki t (Instrumentation 
Laboratories,, Milan, Italy). 

AA subject was considered deficient if after repeated tests 1 month apart, sub-
normall  values were measured in the relevant laboratory test for that family. 
Thee following reference values were used: antithrombin antigen concentra-
tion,, 0.80 to 1.20 U/mL; antithrombin activity, 0.80 to 1.20 U/mL; protein C 
antigenn concentration, 0.70 to 1.30 U/mL; protein C activity, 0.70 to 1.30 
U/mL;; total protein S concentration, 0.70 to 1.20 U/mL; free protein S con-
centration,, 0.26 to 1.08 U/mL. The criteria used for the classification of anti-
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thrombin,, protein C and protein S deficiencies are in accordance with re-
portedd criteria.7 

Forr all patients, the time from the first episode of venous thromboembolism 
untill  the first recurrence or end of follow-up was estimated using the ages at 
firstfirst episode and first recurrence or time of screening. 
Sincee the number of patients with each deficiency was small, the groups were 
combined.. The cumulative incidence and its 95% confidence interval (CI) 
weree calculated according to the Kaplan-Meier method. 

MultipleMultiple recurrent venous thromboembolic events and prophylaxis 
Forr both studies, the total number of recurrences during follow-up and the 
intervall  between subsequent episodes were described for all patients (ex-
cludingg probands) with at least 1 recurrence. In the family cohort study, peri-
odss in which patients received warfarin therapy were recorded. Therefore, 
thee annual incidence of recurrences with and without warfarin therapy could 
bee estimated. The first 3 months of follow-up after an event were not in-
cludedd in the calculation of total years with and without oral anticoagulation. 
Thee difference in annual incidences and 95% CI were calculated using the 
normall  approximation to the binomial distribution. 

Results s 

LiteratureLiterature review 
Inn 31 of the 58 potentially eligible studies,1864 a systematic search for recur-
rencee was performed (17 studies with antithrombin deficiency;1'2843 8 with 
proteinn S deficiency;4855 and 6 with protein C deficiency5964). The number of 
patientss with a deficiency reported in these studies and their status with re-
gardd to the presence of (recurrent) venous thromboembolic episodes are pre-
sentedd in Figure 1. 
Thee observed years of follow-up and annual incidence rates of recurrent ve-
nouss thromboembolic episodes are given in the Table. For patients with a 
proteinn C deficiency, an annual incidence could not be assessed, since follow-
upp time was reported in only 1 patient. For patients with antithrombin or 
proteinn S deficiency, annual incidence ranged from 13% to 17%. 
Thee number of patients with multiple recurrences is presented in the Table. 
Thee interval between 2 episodes of venous thromboembolism varied widely in 
patientss with antithrombin and protein S deficiencies. In both groups, the 
timee between 2 episodes ranged from 1 to about 20 years. In the literature 
review,, no treatment data were available, and it was not possible to system-
aticallyy discern spontaneous from secondary thrombosis. 
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Figuree 1. Presence of first and recurrent venous thromboembolism (VTE) in 
patientss with antithrombin or protein C or S deficiency in the literature re-
view.. Mean age at first VTE was 26 years for patients with antithrombin de-
ficiency,ficiency, 29 years for patients with protein S deficiency, and 35 years for 
patientss with protein C deficiency. 

Antithrombinn deficiency 
noo recurrence 

(n=!4) ) 

att least I recurrence 
(n-38) ) 

unknownn recurrence status 

177 studies ( I 3 type I, and 4 type 2 ) 
1455 persons with deficiency ( 122 and 23, respectively ) 

Proteinn S deficiency 
noo recurrence 

(n=4) ) 

att least 1 recurrence 
(n=2l) ) 

88 studies 
unknownn recurrence status 

(n=4) ) 
500 persons with deficiency 

Proteinn C deficiency 
noo recurrence 

(n=7) ) 

att least I recurrence 
(nn = 28) 

66 studies 
933 persons with deficiency 

unknownn recurrence status 
(n=l5) ) 
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Table.. Recur rent venous thromboembolic episodes in pa t ien ts w i t h ant i throm-

binn and prote in S deficiency. 

Antithrombinn Protein S 

deficiencyy deficiency 

(nn = 57) (n = 29) 

Followw up time* 

Withh recurrent venous 

thromboembolism m 

No.. of patients with reported 

follow-upp time 

Mediann (range), y 

Withoutt recurrent venous 

thromboembolism m 

No.. of patients with reported 

follow-upp time 

Mediann (range), y 

Totall  reported follow-up time, y 

Annuall  incidence of recurrences, 

No.. (%)t 

Lowerr limi t 

Upperr limit 

Episodess during follow-up, 

No.. of patients 

>1 1 

1 1 

Unspecified d 

**  Indicates years at risk for recurrence. 

tt Indicates number of recurrences/number of years at risk. The annual incidence of recurrent 

venouss thromboembolism could not be estimated for protein C deficiency. 

FamilyFamily cohort study 
Amongg 181 patients with a deficiency, only 42 patients had suffered 1 or more episodes 

off  venous thrombembolism. Therefore, the 3 deficiencies were combined for the analysis. 

Dataa on patients included in the family cohort study and their status with regard to the 

presencee of (recurrent) venous thromboembolic episodes are summarized in Figure 2. 

Eightt (47%) of the 17 patients with a spontaneous first thromboembolic episode had a 

recurrence,, as did 7 (28%) of the 25 patients with a secondary first thromboembolic epi-

sode.. The cumulative incidence of recurrent venous thromboembolism was 10% (95% 

CI,, 1%-19%) after 1 year and 23% (95% CI, 10%-36%) after 5 years. This in-

166 17 

1 ( 0 - 4 1)) 2 ( 0 - 1 2) 

5 ( 0 - 3 5)) 8 . 5 ( 1 - 3 2) 

2255 130 

38/282(13.5)) 21/155(13.5) 

38/225(16.9)) 21/130(16.2) 

244 9 

66 8 

88 4 

48 8 



RecurrenceRecurrence ofVTE and inherited thrombophilia 

Figuree 2. Presence of first and recurrent venous thromboembolism (VTE) in 
patientss with antithrombin or protein C or S deficiency in the family cohort 
study.. Of the 15 patients with a recurrent episode(s), 4 had received warfarin 
sodiumm (Coumadin) therapy. Sixty-five families, including 181 persons with a 
deficiency,, were included in the study. Mean age at first VTE was 33 years. 
Totall  follow-up time was 599 years (median, 9.5 years). 

noo VTE 

noo recurrence 
(n=27) ) 

att least I recurrence 
(n=l5) ) 

dicatess a decline in the yearly incidence of recurrent venous thromboembo-
lismm after the first years following initial treatment. 
Onlyy 3 of the 27 patients without a recurrent event had received long-term 
warfarinn therapy until the time of observation (4-13 years). 
Tenn of a total of 31 recurrences occurred during the standard 3 months of 
warfarinn therapy following a thromboembolic episode. At least 8 of the 15 pa-
tientss at risk for further recurrences received 1 or more courses of prolonged 
orall  anticoagulation therapy. During the 141 years of prophylactic warfarin 
therapy,, 2 further events (1.4 % per year) occurred, while 19 recurrences oc-
curredd in the 709 years at risk in the absence of prolonged warfarin therapy 
(2.77 % per year) (difference, -1.3 percentage points in favour of warfarin ther-
apy;; 95 % CI, -3.5 to 1.0). 

Comment t 

Assessmentt of the true risk for recurrent venous thromboembolism in pa-
tientss with antithrombin or protein C or S deficiencies is difficult , due to the 
relativelyy low prevalence, approximately 7% to 10%, of these disorders among 
patientss with venous thromboembolism and the lack of prospective long-term 
follow-upp studies. Therefore, 2 approaches - a retrospective family cohort 
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analysiss and a literature review - were used to estimate the risk for recurrent 
venouss thromboembolism after a first episode in patients with antithrombin 
orr protein C or S deficiency. 
Inn the family cohort study, the 1- and 5-year cumulative incidences were 10% 
andd 23%, respectively. The annual incidence of recurrent venous thromboem-
bolismm showed a decline after the first years following the initial treatment 
fromm 10% to approximately 3%. The annual incidence of recurrences during 
follow-upp without warfarin therapy was 2.7% compared with 1.4% with pro-
longedd warfarin prophylaxis. This is a difference of -1.3 percentage points in 
favourr of warfarin therapy. In the literature review, annual incidence rates 
weree estimated based on 2 assumptions regarding duration of follow-up. This 
resultedd in an annual incidence of a first recurrent venous thromboembolism 
off  13% to 17% in patients with antithrombin deficiency and 14% to 16% in 
patientss with protein S deficiency. Although the estimates from the literature 
revieww and family cohort study have been derived using different methods, 
whichh hampers their comparison, the recurrence rate in the literature review 
seemss to be higher. This can be explained by several factors. First, there are 
differencess in treatment and methods of diagnosis of venous thromboembo-
lismm during the years reviewed. Whereas none of the patients in our family 
cohortt study had their first episode before the introduction of heparin sodium 
andd warfarin therapies, over 15% of first episodes in the literature review oc-
curredd during the years preceding the introduction of effective treatment. In 
addition,, during the last decades, warfarin therapy has been largely im-
proved.. Furthermore, whereas recurrent deep vein thrombosis was a clinical 
diagnosiss in virtually all patients in the literature review, approximately 50% 
off  patients in our family cohort study had an objective diagnosis of their re-
currentt disease. As the clinical diagnosis is known to be nonspecific,6566 and 
treatmentt has been shown to reduce recurrence rates by 50%,67-68 the esti-
matess in the literature review are likely to be higher than currently expected. 
Selection,, reporting, and publication bias in family reports published in peer-
reviewedd journals, missing data on duration of follow-up, conservative as-
sumptionss used to estimate the person-years at risk, and the fact that pa-
tientss in these reports with a less impressive history are likely to be 
describedd in less detail may have further contributed to the discrepancy be-
tweenn the estimates based on the literature review and family cohort study. 
Inn contrast, the risk for recurrence in our family cohort analysis could have 
beenn underestimated, since recurrent thromboembolic events were not as-
sessedd prospectively. 

Notwithstandingg their dissimilarities, both approaches show that the number 
off  recurrences during a lifetime vary between individual patients, and the in-
tervall  between 2 subsequent episodes of venous thromboembolism can be 
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veryy long without continuous prophylactic treatment. The estimated inci-
dencee of a first recurrence and decline in the recurrence rate after the first 
yearss following initial treatment in the family cohort study compares well 
withh the results of a recent prospective cohort study69 in which many patients 
receivedd warfarin therapy for 3 months. A 5-year cumulative incidence of re-
currencee among patients with these deficiencies of approximately 30% was 
reported,, which is slightly higher than the estimated 23% in our family co-
hortt analysis. Recurrence rate declined to approximately 3% per year. The 
50%% reduction in the number of events with warfarin therapy (from 2.7% to 
1.4%% per year) compares well with data from the literature as well.6768 

Basedd on the initial family reports, physicians may have been inclined to pre-
scribee lifelong warfarin therapy after a first or recurrent venous thromboem-
bolicc episode. Our data suggest that the use of warfarin therapy for 1 to 3 
yearss following a thromboembolic event may be justified, but that lifelong use 
certainlyy seems inappropriate in view of the reported risks for major bleeding 
off  2% to 3% per year. This recommendation is based on the assumption of a 
50%% reduction in the occurrence of venous thromboembolic events with war-
farinn therapy, which, during 100 patient-years of treatment, would prevent 4 
thromboticc events during the early years after a thrombotic episode and in-
ducee 2 major bleeding episodes. Thereafter, warfarin therapy would prevent 
11 to 2 thrombotic events during 100 patient-years of treatment and induce 2 
majorr bleeding events. 

Ideally,, such a management recommendation should be evaluated in a prop-
erlyy designed, prospective, randomised, controlled clinical trial in patients 
withh thrombophilia. However, based on the time and effort required to com-
pletee such a study, the use of clinical decision analysis may provide in an 
earlierr stage a more formal basis for the management recommendation in 
symptomaticc patients with hereditary thrombophilia. Such an analysis 
shouldd take into account that the risk for recurrence is not constant and 
shouldd include the incidences of fatal venous thromboembolic events and 
majorr and fatal bleeding associated with warfarin therapy. 
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