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Abstract t 

I tt has been reported that women with an inherited deficiency of antithrombin, 
proteinn C, or protein S have an increased risk for developing venous thrombo-
embolicc disease during pregnancy and the postpartum period. However, because 
thee available data on risk are flawed, it is difficult to define a rational, effica-
cious,, and safe policy about prophylaxis for venous thromboembolism in these 
women.. The objective of this study was to determine the frequency of venous 
thromboembolismm during pregnancy and the postpartum period in women with 
heritablee deficiencies of anticoagulant factors. The design of the study was that 
off  a retrospective cohort study performed in university outpatient clinics in the 
Netherlandss and Italy. 129 otherwise asymptomatic female family members of 
patientss with a history of venous thromboembolism and an established defi-
ciencyy of antithrombin, protein C or protein S participated in the study. A medi-
call  history, with specific attention to episodes of venous thromboembolism and 
obstetricc history, was taken. The anticoagulant factor status of the study par-
ticipantss was determined. If a patient had an episode of venous thromboembo-
lism,, subsequent pregnancies in that patient were not analysed. Of the 129 
womenn who participated in the study, 60 had anticoagulant factor deficiency 
andd 69 did not. In the nondeficient group, 198 pregnancies occurred; 1 of these 
(0.5%)) was complicated by an episode of venous thromboembolism during the 
postpartumm period. In the deficient group, 169 pregnancies occurred; 7 of these 
(4.1%)) were complicated by an episode of venous thromboembolism during the 
thirdd trimester of pregnancy (2 pregnancies [1.2%]) and the postpartum period 
(55 pregnancies [3.0%]). The risk for venous thrombembolism was increased 
eightfoldd in deficient women compared with nondeficient women (hazard ratio, 
8.00 [95% CI, 1.2 to 184). We conclude that anticoagulant factor-deficient women 
havee an increased risk for venous thromboembolism during pregnancy and the 
postpartumm period. Although data from an appropriate randomised clinical trial 
aree lacking, the frequency of venous thromboembolism seen in deficient women 
mightt justify the use of anticoagulative prophylaxis during the third trimester 
off  pregnancy and the postpartum period. 
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Introductio n n 

Deepp venous thrombosis is an important, although relatively infrequent, prob-
lemm during pregnancy and the postpartum period. Pulmonary embolism, a 
much-dreadedd complication of deep venous thrombosis of the leg, is one of the 
mostt frequent causes of maternal illness and death.1-2 

Amongg women in the general population between 20 and 40 years of age, the 
annuall  frequency of deep venous thrombosis is 0.18A.3 In other observational 
studies,477 the frequency of venous thromboembolism has varied from 0.13A. to 
0.7XX during pregnancy and from 0.61X to 2.3X during the postpartum period. 
Thesee findings indicate that the risk for venous thromboembolism might be 
increasedd only moderately during pregnancy but that it is clearly enhanced 
duringg the postpartum period. However, the absolute frequencies during both 
off  these periods remain low. 
Inn contrast, in women who have an inherited deficiency of a naturally occurring 
anticoagulantt - antithrombin, protein C or protein S - it has been reported that 
pregnancyy and the postpartum period are associated with a greatly increased 
riskk for venous thromboembolism.811 During pregnancy, the observed frequency 
off  venous thromboembolism per woman per pregnancy varied from 12% to 48% 
inn antithrombin-deficient women and from 2% to 8% in protein C-deficient 
women;; no thrombosis was seen in protein-S deficient women. During the post-
partumm period, the following frequencies were seen: 28% to 47% in antithrom-
bin-deficientt women, 11% to 20% in protein C-deficient women, and 14% in 
proteinn S-deficient women. 
However,, the usefulness of these data for clinical decision making is limited 
becausee the studies that produced the data lacked appropriate control groups 
andd included many patients who were identified because they presented with 
venouss thrombosis, either associated with or unrelatedd to pregnancy. In addi-
tion,, most of the identified thrombotic events were diagnosed on the basis of 
clinicall  findings only, which are known to be nonspecific, particularly during 
pregnancy.122 Hence, the frequencies reported previously are likely to be overes-
timates. . 
Ass a result, the best approach to anticoagulative prophylaxis for venous throm-
boembolismm in anticoagulant factor-deficient women during pregnancy and the 
postpartumm period is actively debated. Advocated regimens range from surveil-
lancee combined with noninvasive tests for deep venous thrombosis only to pro-
phylaxiss with therapeutic doses of heparin and oral anticoagulants throughout 
pregnancyy and the postpartum period 13>14 combined with intravenous admini-
strationn of the lacking proteins. 
Alsoo debated are the maternal and fetal adverse effects associated with the use 
off  heparin and oral anticoagulants during pregnancy. The administration of 
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coumarinss during pregnancy may cause embryopathy,15 and the use of heparin 
hass been associated with osteoporosis, which may result in bone fractures.1617 

Bothh of these drugs may also induce hemorrhagic complications, especially 
duringg delivery.1518 

Becausee the lack of accurate clinical data on the frequency of venous thrombo-
embolismm contributes to a wide variation in clinical practice regarding this 
event,, physicians obviously need better information about the frequency of 
venouss thromboembolism in anticoagulant factor-deficient women. We therefore 
soughtt to determine the frequency of venous thromboembolism during preg-
nancyy and the postpartum period among otherwise asymptomatic women with 
aa deficiency of antithrombin, protein C or protein S. We investigated all female 
familyy members of probands known to have a deficiency of one of these factors 
andd assessed the frequency of pregnancy-related venous thromboembolism in 
thiss group. The deficiency status of the female family members was determined 
onlyy after a careful, structured history was obtained. The female family mem-
berss found to be nondeficient were used as a representative control group. 

Methods s 

Patients Patients 
Femalee members of 69 families that had a documented deficiency of antithrom-
bin,, protein C, or protein S were investigated. The study participants were 
identifiedd through the family trees of unselected patients who had an objective 
diagnosiss of venous thromboembolism and were referred to the participating 
centress (Academic Medical Center, Amsterdam, the Netherlands; Institute of 
Medicall  Semeiotics, Padua, Italy). These probands were excluded from further 
study. . 
Al ll  of the women were interviewed by an investigator blinded to anticoagulant 
factor-deficiencyy status. A medical history, with attention to episodes of venous 
thromboembolismm and to events in the obstetric history (such as pregnancy, 
childbirth,, and postpartum periods), was obtained from each participant. An 
episodee of venous thromboembolism was considered to have occurred only if it 
hadd been documented by objective tests (ultrasonography, impedance plethys-
mographyy or venography for deep venous thrombosis; ventilation-perfusion lung 
scanningg or pulmonary angiography for pulmonary embolism) or if it had been 
clinicallyy diagnosed and the patient had been treated with anticoagulative drugs 
forr at least 3 months. If a patient reported having had a venous thromboembolic 
event,, further medical information was sought and reviewed by one of the inves-
tigatorss to establish the methods that had been used to diagnose the event. 
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VenousVenous thromboembolic events 
AA venous thromboembolic event was considered to be pregnancy related if it 
occurredd during pregnancy or within 3 months after childbirth. Episodes of 
pregnancy-relatedd venous thromboembolism were classified according to the 
periodd in which they occurred: first trimester of pregnancy, second trimester of 
pregnancy,, third trimester of pregnancy, puerperium ([7 days after delivery), 
andd the remaining postpartum period. If a patient had an episode of venous 
thromboembolism,, all subsequent pregnancies were excluded from the analysis 
too avoid risk enhancement and because anticoagulative prophylaxis is often 
givenn after such an episode. 

LaboratoryLaboratory assays 
Afterr the history was recorded, blood samples were collected for the determina-
tionn of anticoagulant factor status. Blood samples (20mL) were collected by 
venipuncturee with 21-gauge butterfly infusion sets into a plastic syringe con-
tainingg 3.8% sodium citrate; the ratio of the volume of anticoagulant to the 
volumee of blood was 0.1:0.9. Platelet-poor plasma was obtained by using cen-
trifugationn at 2,000 g for 20 minutes and was stored at -80°C until it was ana-
lysed. . 
Antithrombinn antigen concentrations were measured using the Asseraplate 
Antithrombinn II I  Ki t (Boehringer Mannheim, Mannheim, Germany); anti-
thrombinn activity was measured using Berichrom ATII I (Behringwerke, Mar-
burg,, Germany). 
Proteinn C antigen concentrations were measured with enzyme-linked immuno-
sorbentt assays (ELISA) using rabbit anti-protein C polyclonal antibody (DAKO, 
Glostrup,, Denmark) as catching antibody. Rabbit anti-protein C polyclonal 
horseradishh peroxidase conjugated antibody (DAKO) was used as the second 
antibodyy according to the manufacturer's instructions. Protein C activity was 
measuredd using the Protein C Reagent Ki t (Behringwerke). 
Concentrationss of total and free protein S were measured by ELISA using rabbit 
anti-proteinn S polyclonal antibody (DAKO). The 15C4 anti-protein S monoclonal 
antibodyy (Serbio, Gennevilliers, France) was used as catching antibody, and the 
rabbitt anti-protein S polyclonal horseradish peroxidase conjugated antibody 
(DAKO),, diluted 1:1000, was used as the second antibody. The 15C4 anti-protein 
SS monoclonal antibody recognised only free protein S antigen. Protein S activity 
wass measured using the Protein S IL-Ki t (Instrumentation Laboratories, Milan, 
Italy). . 

AA participant was considered to be deficient if repeated tests done 1 month apart 
showedd values that were subnormal for the protein deficiency in that par-
ticpant'ss family. The following reference values were used: antithrombin antigen 
concentration,, 0.80 to 1.20 U/mL; antithrombin activity, 0.80 to 1.20 U/mL; 
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proteinn C antigen concentration, 0.70 to 1.30 U/mL; protein C activity, 0.70 to 
1.300 U/mL; total protein S concentration, 0.70 to 1.20 U/mL; and free protein S 
concentration,, 0.26 to 1.08 U/mL. The criteria used to classify antithrombin, 
proteinn C, and protein S deficiencies accord with those reported in the current 
literature.19 9 

Activatedd partial thromboplastin time and prothrombin time were determined 
inn an effort to exclude vitamin K deficiency. Activated partial thromboplastin 
timee was measured by using ActinFS (Dade, Miami, USA) (normal range, 25 to 
366 seconds); prothrombin time was measured by using Thromboplastin IS 
(Dade)) (normal range, 11 to 14 seconds.). During the time of the laboratory 
investigation,, none of the study participants were pregnant or in the postpartum 
period.20-23 3 

Thee participants were categorised according to deficiency status into a nondefi-
cientt group and a deficient group. The deficient group was further subdivided 
accordingg to specific deficiency. 

StatisticalStatistical analysis 
Inn each group, the frequency of venous thromboembolism was calculated by 
dividingg the number of pregnancy-related venous thromboembolic episodes by 
thee total number of recorded pregnancies and by the total number of women. 
Thee percentages of deficient and nondeficient women who had thromboembolic 
episodess were compared using the Fisher exact test. Using a Cox model, we 
calculatedd the hazard ratio (and its mid-p corrected 95% CI) for pregnancy-
relatedd venous thromboembolism in deficient women compared with nondefi-
cientt women (SAS, Inc., version 6.11, Cary, North Carolina). The P values were 
calculatedd by using the exact log-rank test. For this purpose, a pregnancy was 
regardedd as the unit of time and women who had not had a venous thromboem-
bolicc event by the end of their last pregnancy were considered to be censored. 

Resul ts s 

Off  the female members of the 69 families, 282 women were potentially eligible 
forr the study. Of these, 52 could not be contacted because they lived abroad 
(n=12)) or had lost contact with the family (n=40). Twenty others refused to 
participate.. Thus, 210 women were interviewed. Of these, 129 had been preg-
nantt at least once. Sixty-nine participants (53%) were nondeficient and 60 (47%) 
weree deficient (13 had antithrombin deficiency, 19 had protein C deficiency, and 
288 had protein S deficiency). Mean age at the time of first childbirth was 25 
yearss (range, 16 to 40 years) in the nondeficient group and 26 years (range, 17 
too 43 years) in the deficient group. Similar findings were obtained separately in 
thee groups with deficiency of antithrombin, protein C and protein S. 

62 2 



Pregnancy-relatedPregnancy-related VTE and inherited thrombophilia 

too -^ T1 
n-- S i 

CC Co a? 
GOO " - Ï " 1 
(I )) *  ft> 

ss i < 
a-- S EL 
o'' » c 
OO r* (0 
»» 3- » 
enn «e
»» 2 (K 
ff.ff. B »* 
<< O- 3* 
-- T « 

«?? F ? 

8*3,8. . 
oss "-' 2 
aa ffi. o 

3-- "> a crr » _ 

§§ 3 " 
<** -o s* 
fSS S- 8 
''  3 * 

a>a> < 

XX 3 

a .. as 

ii  § 
" OO 00 
£.. «ff.ff. cr 

£3 3 
(BB 3 

|i i 
0-- »
gg H 
<< II 

oo &. 
cc 5 

-.. ° 
Érr » 
E,, » 
<JB B 
5''  £_ 
33 B 
c c 
ET T 

B B 
cr r o o 

FT T 

0 0 
0 0 
3 3 
(D D 
3 3 
t - i --

£0 0 

O O 
3 3 
O O 
tn n 
01 1 

13 3 
0 0 

*: : 
3 3 
CO O 

<< < Tl l CD D 

K K 
sr r 
0 0 
0 0 
3 3 
n n 
n n 
3 3 
r* * 
as s 

0 0 
3 3 
0 0 
S I I 
CO O 

*0 *0 
0 0 
cr! ! 

3 3 
CO O 

"-«! ! n n CB B 

33 S 

33 << 
STT "33 » 

S"" T3 S" 'TO g 
yy 4 y N n 

~ ££ <. 
88 g ' * 
33 «5 CO 

33 » c 
3 3 

SB' ' 
SS co 
**  r+ 
33 "< 

33 » 

»» CO > 5* 
&& 3 3 O 
S"£T-- ff- 3 

5-- TO f*  O 
33 3 «< 3 -ï 

s i i 33 ™ 

rr ff. 

G G 

PP 8 
* .. 3 
GOO O 

33 3 ' 
rr ET. 

o o 
3 3 
© © 

G G 
B B 

roo Z. 

5? ? 05 5 
3* * 
c-1--

ST T 
crq q 

5 5 

13 3 RT T 

T5 5 

a a 
3 3 
"E. . 
c* * 
CD D 

T3 3 
M M ST T 

» » 3 3 

1 1 
TO TO 

cr r 
ct--
S" " 

a a 

0 0 
Cr; ; 
3 3 
0 0 

» » -+ + 

O O 
3! ! 
3 3 
0 0 
CO O 
^t--

> > 
3 3 
<n n 
0 0 

Cfq q 

O O 

< < 
n n 
3 3 

a a 
3* * 

-3 3 

r) ) 

hoo ITS 
OO C 

CO O 

ST T 
P P 

flq flq 

U U 
H H 

» » 
TO TO 
r r r 

<T9 9 

a a 
5 5 

rrr T3 
crr as 
*»» C 
ss s HH 3 
0-- ^ 
00 to 
(6(6 <jq 
gg 0 
crr a» 
00 «
PP < 
CDD fl) 
33 g 
^^  g 
Érr  2? 
00 s> 

^^  2, 

5--crr c 

EE ü n 
" oo cr: 
- ll  T3 3 
CDD ^— r i 
OO fD CO 
33 *i - r 
o o 
CO O 
a a 
cr r 

crr  o 

Cf» » 

^3 3 
CT T 

- 3 3 cr r 
o o 
3 3 
cr r 
o o 
rt> > 

3 3 
o--
o^ ^ 
o ' ' 

< < 

CD D 

a--
O O 
e e 
-t -t 
CD D 

crq q 
3 3 
c» » 
0 0 

63 3 



ChapterChapter 5 

Thee 129 women who participated in the study had a total of 367 qualifying 
pregnanciess (pregnancies that occurred before a thrombotic event occurred). In 
thee nondeficient group, 198 pregnancies (54%) were recorded; 169 pregnancies 
(46%)) were recorded in the deficient group. Thirty-three pregnancies were re-
cordedd in the antithrombin-deficient group, 60 were recorded in the protein C-
deficientt group, and 76 were recorded in the protein S-deficient group. 
Inn eight cases, pregnancy or the postpartum period was associated with an 
episodee of venous thromboembolism (Table 1). In three of these eight cases, the 
diagnosiss had been established by objective testing; in the other five cases, the 
diagnosiss had been made on the basis of clinical signs and symptoms and had 
beenn followed by at least 3 months of anticoagulative drug therapy. One of the 
1988 pregnancies (0.5%) in the nondeficient group was complicated by an episode 
off  venous thromboembolism, whereas thromboembolism occurred in 7 of 169 
pregnanciess (4.1%) in the deficient group (1 of 33 pregnancies in the antithrom-
bin-deficientt group [3.0%], 1 of 60 pregnancies in the protein C-deficient group 
[1.7%],, and 5 of 76 pregnancies in the protein S-deficient group [6.6%]). Thus, 
overall,, 1 of the 69 women in the nondeficient group (1.5% [95% CI, 0.0% to 
7.8%])) and 7 of the 60 women in the deficient group (11.7% [CI, 4.8% to 22.6%]) 
hadd an episode of pregnancy-related venous thromboembolism (P=0.02 for the 
difference).. In the deficient group, 2 episodes of venous thromboembolism oc-
curredd during pregnancy, resulting in a frequency of 1.2% of pregnancies, and 
fivefive episodes occurred during the postpartum period, resulting in a frequency of 
3%% of pregnancies. The risk for venous thromboembolism during pregnancy and 
thee postpartum period was increased eightfold in deficient women compared 
withh nondeficient women (hazard ratio, 8.0 [CI, 1.2 to 184]; P < 0.03). The as-
sumptionss underlying the Cox model were met, and no observations had an 
undulyy high influence on the model. The occurrence of a first thromboembolic 
eventt in consecutive pregnancy and postpartum periods is shown in Table 2. 
Inn the single nondeficient patient (patient 1; Table 1) with deep venous throm-
bosis,, the event occurred during immobilisation that resulted from a fracture of 
thee pelvic bone that occurred during childbirth. This patient was treated with 
heparinn and oral anticoagulants. She had several more subsequent episodes of 
venouss thromboembolism. 

Thee one antithrombin-deficient patient with deep venous thrombosis (patient 
2)) had this event during the third trimester of pregnancy. Three weeks later, 
shee had a stillbirth at 38 weeks of pregnancy. Two years after that event, the 
patientt had a recurrent period of deep venous thrombosis. In the one protein C-
deficientt patient who had deep venous thrombosis (patient 3), the event occurred 
duringg the third trimester of pregnancy and was followed by pulmonary embo-
lismm 3 days later. Al l five of the protein S-deficient patients who had venous 
thromboembolismm (patients 4 to 8) had this event during the postpartum 
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Tablee 2. Occurrence of thromboembolic events during pregnancies. 

Pregnancyy Women without anticoagulant Women with anticoagulant 

factorr deficiency factor deficiency 

n/n* * 

1st t 

2nd d 

3rd d 

4th h 

5th h 

6th h 

7th h 

8th h 

0/69 9 

0/60 0 

0/37 7 

1/19 9 

0/8 8 

0/3 3 

0/1 1 

0/1 1 

2/60 0 

3/49 9 

1/27 7 

0/15 5 

0/9 9 

176 6 

0/3 3 

--

**  Values are number of thromboembolic events/number of pregnancies 

period;; two of these episodes (those in patients 4 and 7) occurred during the 
puerperium.. Two of the patients (patients 2 and 7, who were deficient in protein 
CC and protein S, respectively) had several episodes of recurrent deep venous 
thrombosis. . 

Discussion n 

Wee sought to obtain a more accurate understanding of the frequency of venous 
thromboembolismm during pregnancy and the postpartum period in anticoagulant 
factor-deficientt women who had not previously had an episode of venous throm-
boembolism. . 
Venouss thromboembolism was seen, overall, in 4.1% of pregnancies in antico-
agulantt factor-deficient women; two episodes (1.2%) occurred during the third 
trimester,, and five episodes (3.0%) occurred during the postpartum period. 
Overalll  frequencies for women with specific deficiencies were 3.0% of pregnan-
ciess for women with antithrombin deficiency, 1.7% of pregnancies for women 
withh protein C deficiency, and 6.6% of pregnancies for women with protein S 
deficiency.. The estimated overall hazard ratio of 8.0 (CI, 1.2 to 184) for venous 
thromboembolismm during pregnancy among deficient women compared with 
nondeficientt women is close to 1) the odds ratios (9.8 to 13.7) for all cases of 
venouss thromboembolism reported in a literature review24 that included avail-
ablee cross-sectional family studies and 2) the odds for venous thromboembolism 
outsidee of pregnancy and the postpartum period that have been found in other 
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studiess of families with anticoagulation factor deficiencies.25 27 However, the 
absolutee frequencies are substantially lower than those reported earlier, which 
weree 12% to 48% in antithrombin-deficient women, 2% to 8% in protein C-
deficientt women, and 0% in protein S-deficient women during pregnancy and 
28%% to 47% in antithrombin-deficient women, 11% to 20% in protein C-deficient 
women,, and 14% in protein S-deficient women during the postpartum period. 
Thee most likely explanation for this discrepancy is the avoidance of selection 
biass in our study. We accomplished this by excluding the probands from the 
analysiss and including participants in the study before deficiency status or 
historyy of previous thrombotic events was known. Similar studies in women 
withh Factor V Leiden mutation are currently being done, but the data from 
thesee studies are not yet available. 

Severall  important methodological issues in our study warrant comment. In the 
groupp with anticoagulant factor deficiency, three thromboembolic episodes had 
beenn diagnosed with objective tests and the other four (as well as the single 
episodee in the nondeficient group) had been diagnosed on the basis of clinical 
groundss alone. This method of diagnosis was used because, in most patients, the 
diagnosiss had been established before objective diagnostic testing was generally 
available.. Because it has been shown that the clinical diagnosis of venous 
thromboembolismm is inaccurate, especially during pregnancy, the low frequen-
ciess found in our study could be overestimates. However, the relative risk can 
bee considered accurate and realistic because we included an appropriate control 
groupp and determined the deficiency status of participants only after the medi-
call  history was taken. Moreover, because our study was retrospective, our re-
sultss could have been biased by the presence of undetected excess mortality in 
thee deficient group (that is, some women at high risk for thromboembolism may 
nott have survived to become pregnant). However, recent reports 28,29 have not 
shownn excess mortality among anticoagulant factor-deficient persons. 
Too what extent do our results help physicians decide whether to administer or 
withholdd anticoagulative prophylaxis during pregnancy and the postpartum 
periodd in asymptomatic women with a deficiency of antithrombin, protein C or 
proteinn S ? The observed overall frequency of pregnancy-related symptomatic 
venouss thromboembolism - 4.1% - is low relative to previously reported frequen-
ciess per pregnancy, but it is similar to the frequency of symptomatic venous 
thromboembolismm that was seen in patients having hip surgery who had not 
receivedd anticoagulative prophylaxis.30-31 

Givenn the efficacy of subcutaneous low-molecular-weight heparin in the preven-
tionn of deep venous thrombosis in patients having major surgery,32 prophylaxis 
withh this agent could be advocated for pregnant, anticoagulant factor-deficient 
womenn who have not previously had venous thromboembolism. Such an ap-
proachh is likely to avoid the reported hemorrhagic complications during child-
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birthh that are associated with high-dose unfractionated heparin,1518 provided 
thatt the low-molecular-weight heparin therapy is discontinued in a timely 
mannerr before delivery. 
Intrinsicc to the decision about administering anticoagulative prophylaxis during 
pregnancyy is the selection of a proper time to start this prophylaxis. In our 
study,, venous thromboembolism primarily occurred during the postpartum 
period;; this agrees with data reported earlier.1011 Ginsberg and colleagues, who 
studiedd pregnant women with deep venous thrombosis whose deficiency status 
wass not assessed, reported an equal distribution of venous thromboembolism 
overr all trimesters of pregnancy.33 Currently available data suggest that the 
highestt prophylactic effectiveness would be obtained with the use of anticoagu-
lativee prophylaxis around the period of childbirth. Because the prevention of 
venouss thromboembolism throughout the entire pregnancy would necessitate 
thee administration of anticoagulants for a much longer period, the added benefi-
ciall  effect, expressed as episodes of venous thromboembolism prevented per 
monthh of treatment, would be relatively small. The therapeutic option of using 
prophylacticc dosages of low-molecular-weight heparin around the time of deliv-
eryy is considered valid because it is assumed that the risk for major hemorrhagic 
complicationss associated with the use of low-molecular-weight heparin during 
thee third trimester of pregnancy and the postpartum period is similar to the 1% 
riskk seen in patients having hip surgery.32 However, one might argue that if this 
drugg is administered for a period longer than the third trimester and the post-
partumm period combined, this risk for major hemorrhage wil l be higher and thus 
mayy outweigh the benefits of treatment. Given this consideration, the alterna-
tivee strategy of surveillance combined with noninvasive tests for deep venous 
thrombosiss (watchful waiting) throughout pregnancy may constitute an option 
too be considered. 

Inn conclusion, the risk for venous thromboembolism during pregnancy and the 
postpartumm period is increased in women with a deficiency of antithrombin, 
proteinn C or protein S compared with women without these deficiencies. On the 
basiss of the absolute risk for venous thromboembolism in the period surrounding 
childbirth,, we suggest that anticoagulant factor-deficient patients should receive 
anticoagulativee prophylaxis with low-molecular-weight heparin during the third 
trimesterr and postpartum period. In the absence of data from randomised trials, 
however,, these recommendations must be considered tentative. Such trials are 
neededd to convert this preliminary advice into a well-defined, evidence-based 
guideline. . 
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