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COMMENTS AND RESPONSES

Incidence of Pregnancy-Associated Venous
Thromboembolism

TO THE EDITOR: We congratulate Heit and colleagues (1) on their
study on the incidence of venous thromboembolism during preg-
nancy and the puerperium. However, we take issue with their state-
ment that the venous thromboembolic incidence was 3.6% and
1.5% in the first and second weeks postpartum, respectively, similar
to the 2% to 5% incidence of symptomatic venous thromboembo-
lism after elective hip replacement in patients not receiving prophy-
laxis. This seems unlikely when only 105 maternal cases of venous
thromboembolism were diagnosed during pregnancy or postpartum
in 50 000 births.

This discrepancy relates to the method the authors have used to
calculate the incidence. For some purposes, it makes sense to com-
pare incident rates per person-year at risk, as the authors have done.
In this instance, in consideration of the possible benefit of thrombo-
embolic prophylaxis, it is more relevant to know the chance of an
individual having an event postpartum. It is misleading of the au-
thors to compare the 2 types of measure. The incidence rate per
100 000 person-years in week 1 postpartum is 3573 per 100 000.
However, this is not 3.6% of pregnant women who have an event in
the first week postpartum. Because by this point women have only
been at risk for 1 week out of 52 in a year, only 68 per 100 000 or
0.68 per 1000 will have had an event in that week. In the authors’
Table 1, the postpartum risk for venous thromboembolism in
women older than age 35 years (the highest-risk group) is reported as
approximately 900 per 100 000 person-years. Because the postpar-
tum period defined by the authors is 3 months, the risk to a woman
who has delivered is approximately 225 per 100 000 (13 of 52 of the
rate per 100 000 person-years). This is approximately 2 per 1000,
one tenth of the rate of 2% to 5% for developing symptomatic
thrombosis after elective hip surgery.
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TO THE EDITOR: Heit and colleagues’ population-based study (1)
identifies age and postpartum period as key issues in incidence of
venous thromboembolism during and after pregnancy. In the past
few decades, incidence of cesarean section in the United States has
been 21% (2). The authors do not identify women undergoing ce-
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sarean sections as a separate high-risk group. A previous study (3)
identified operative vaginal delivery, emergency cesarean section dur-
ing labor, high body mass index, previous venous thromboembolism,
and family history as major risk factors. In 1 small study, thrombo-
embolism incidence was very low in women with no additional risk
factors when the rate of cesarean sections was 20% (4). Although
there is no consensus on prophylaxis after cesarean section, Heit and
colleagues’ study could have given more guidance for further research
and clinical trials involving older women undergoing this procedure.
The STOP CLOT Pilot Study (5), a phase III clinical trial, is now
under way to assess the effectiveness and safety of low-molecular-
weight heparin in women who are at moderate to high risk for
venous thromboembolism after cesarean section.
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TO THE EDITOR: Heit and colleagues (1) stated that there are few
data regarding the relative risks for venous thromboembolism during
pregnancy. After examining 105 patients with deep venous throm-
bosis (DVT) or pulmonary embolism (PE) during pregnancy or
postpartum, the authors estimated that the incidence of DVT during
pregnancy remained essentially unchanged over the 30-year period of
study and that the incidence of postpartum DVT declined. The
authors speculated that early mobilization and shorter hospitalization
after delivery may have contributed to this result. This apparently
advantageous observation, based on a limited database, may cause
physicians to become complacent.

We reported on a much larger database, the National Hospital
Discharge Survey (NHDS), which showed that pregnancy-related
DVT occurred in 24 000 women throughout the United States from
1979 through 1999 (2). Pregnancy-associated DVT clearly increased
over the past 2 decades, whereas nonpregnancy-associated DVT
among hospitalized women declined. Of importance, older age,
black ethnicity, and delivery by cesarian section were associated with
higher rates of pregnancy-associated DVT (2).

During this period of study (1979-1999), the NHDS was
based on data abstracted annually from 181 000 to 307 000 sampled
patient abstracts from 400 to 480 nonfederal, short-stay, noninstitu-
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tional hospitals in 50 states and the District of Columbia (2, 3). This
represented approximately 8% of all such hospitals and 1% of all
discharges (3). Strengths of the NHDS include the huge number of
patients, the widely varying regions in which patients were hospital-
ized, the extended period over which data were collected, and the
broad spectrum of patients evaluated. Weaknesses include an inabil-
ity to determine the basis of the diagnosis of DVT and PE, whether
antithrombotic prophylaxis or treatment was administered, or
whether patients were hospitalized more than once in a given year.

On the basis of the data we reported (2), there is good reason
for continued vigilance concerning pregnancy-associated DVT.
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IN RESPONSE: Dr. MacCallum and coworkers argue that we incor-
rectly reported our venous thromboembolism incidence rates for the
first and second postpartum weeks as 3.6% and 1.5%, respectively,
because of incorrect denominator calculations. The denominator cal-
culations were based on the total number of live births in Olmsted
County (7 = 50 080) and “period at risk” definitions of 9 and 3
months for pregnancy and the postpartum period, respectively. A
1-week period of risk is 1/52 of a year (0.019), such that the woman-
years at risk during the first postpartum week were 0.019 times the
number of live births (0.019 X 50080 = 951 woman-years).
Thirty-four women had documented incident venous thromboem-
bolism during this week, providing an incidence of 0.036 (34 of
951), or 3.6 per 100 woman-years (i.e., 3.6%). The incidence rate
for the second postpartum week was calculated similarly. However,
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although the incidence rates are correct as reported, we incorrectly
compared these rates with the proportion of patients developing ve-
nous thromboembolism after total hip replacement. According to
data reported from the California Patient Discharge Data Set, among
56 720 patients undergoing elective total hip replacement between 1
January 1992 and 30 September 1996, 1358 developed symptomatic
venous thromboembolism within 3 months (0.25 year) after surgery
(1). Thus, there were 14 180 person-years at risk (56 720 X 0.25),
and the venous thromboembolism incidence was 0.096 (1358 of
14 180), or 9.6 per 100 person-years. While this rate is similar to our
incidence rates for the first and second postpartum weeks, at least
some of the patients who had hip replacement probably received
prophylaxis such that the incidence in the absence of prophylaxis
could have been higher.

Drs. Rajput and Rana suggest that cesarean section is a risk
factor for venous thromboembolism. Our present study was not de-
signed to address this question. However, in a previous population-
based case—control study specifically addressing risk factors for preg-
nancy-associated venous thromboembolism (2), we could not
identify cesarean section as a postpartum risk factor (univariate odds
ratio, 1.17 [95% CI, 0.39 to 3.47)).

Dr. Stein and coworkers cite their study reporting an analysis
of administrative data from NHDS and indicate that rates of
pregnancy-associated DVT increased between 1979 and 1999 (3).
Pregnancy-associated PE was too infrequent to analyze for trends. In
contrast, we found a decrease in the overall incidence of pregnancy-
associated venous thromboembolism, mostly due to a decrease in
postpartum PE; the incidence of pregnancy-associated DVT declined
slightly and nonsignificantly. These differences may be explained by
different study designs. The time frame of our study was longer
(1966-1995). Moreover, we only included women with a first life-
time event, while the NHDS database does not separate incident
from recurrent events. Finally, almost 70% of women coded by the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) as having pregnancy-associated DVT
may be miscoded (4). Nevertheless, we certainly agree that there is a
need for continued vigilance regarding pregnancy-associated venous
thromboembolism.
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CORRECTIONS

Correction: Trends in the Incidence of Venous
Thromboembolism during Pregnancy or Postpartum:

A 30-Year Population-Based Study

In the Discussion section of an article on venous thromboembolism
during pregnancy or postpartum (1), the incidence rates for the first
and second postpartum weeks were incorrectly compared with the
proportion of patients developing venous thromboembolism after
total hip replacement in another study (2). According to data re-
ported from the California Patient Discharge Data Set, among
56 720 patients undergoing elective total hip replacement between 1
January 1992 and 30 September 1996, 1358 developed symptomatic
venous thromboembolism within 3 months (0.25 year) after surgery
(3). Thus, there were 14 180 person-years at risk (56 720 X 0.25),
and the venous thromboembolism incidence was 0.096 (1358 of
14 180), or 9.6 per 100 person-years. While this rate is similar to the
incidence rates reported by Heit and colleagues for the first and
second postpartum weeks (3.6% and 1.5%, respectively), at least
some of the patients who had hip replacement probably received
prophylaxis such that the incidence in the absence of prophylaxis
could have been higher.
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Correction: Acute Pain Management for Patients Receiving
Maintenance Methadone or Buprenorphine Therapy

In an article on acute pain management for patients receiving main-
tenance methadone or buprenorphine therapy (1), the third bold-
faced heading in Table 2 should have read as follows: “If the patient
is receiving methadone maintenance therapy and requires opioid an-
algesics.” The text “2 options are available” is incorrect and should
not have appeared.
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Trends in the Incidence of Venous Thromboembolism during
Pregnancy or Postpartum: A 30-Year Population-Based Study

John A. Heit, MD; Catie E. Kobbervig, MD; Andra H. James, MD; Tanya M. Petterson, MS; Kent R. Bailey, PhD; and L. Joseph Melton Ill, MD

Background: The risk for venous thromboembolism during
pregnancy or postpartum is uncertain.

Objectives: To estimate the relative and absolute risk for deep
venous thrombosis and pulmonary embolism during pregnancy
and postpartum and to describe trends in incidence.

Design: Population-based inception cohort study using the re-
sources of the Rochester Epidemiology Project.

Setting; Olmsted County, Minnesota.

Patients: Women with deep venous thrombosis or pulmonary
embolism first diagnosed between 1966 and 1995, including
women with venous thromboembolism during pregnancy or the
postpartum period (defined as delivery of a newborn no more than
3 months before the deep venous thrombosis or pulmonary em-
bolism event date, including delivery of a stillborn infant after the
first trimester).

Measurements: The authors obtained yearly counts of live
births in Olmsted County between 1966 and 1995 from the Min-
nesota Department of Health.

Results: The relative risk (standardized incidence ratio) for ve-
nous thromboembolism among pregnant or postpartum women
was 4.29 (95% Cl, 3.49 to 5.22; P< 0.001), and the overall
incidence of venous thromboembolism (absolute risk) was 199.7

per 100 000 woman-years. The annual incidence was 5 times
higher among postpartum women than pregnant women (511.2
vs. 95.8 per 100 000), and the incidence of deep venous throm-
bosis was 3 times higher than that of pulmonary embolism (151.8
vs. 47.9 per 100 000). Pulmonary embolism was relatively uncom-
mon during pregnancy versus the postpartum period (10.6 vs.
159.7 per 100 000). Over the 30-year study period, the incidence
of venous thromboembolism during pregnancy remained relatively
constant whereas the postpartum incidence of pulmonary embo-
lism decreased more than 2-fold.

Limitations: Because the Olmsted County population was 98%
white and of non-Hispanic ethnicity, the results may not be gen-
eralizable to other ethnicities.

Conclusions: Among pregnant women, the highest risk period
for venous thromboembolism and pulmonary embolism in partic-
ular is during the postpartum period. Any prophylaxis against
these events should be particularly targeted to postpartum
women. Although the incidence of pulmonary embolism has de-
creased over time, the incidence of deep venous thrombosis re-
mains unchanged, indicating the need to better identify pregnant
women at increased risk.

Ann Intern Med. 2005;143:697-706.
For author affiliations, see end of text.
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Knowledge of the relative risk and incidence (absolute
risk) of venous thromboembolism among pregnant
and postpartum women is important for identifying pa-
tients who would benefit from prophylaxis. However, there
are few data regarding the relative risk for venous thrombo-
embolism during pregnancy (1), and the reported inci-
dence of venous thromboembolism among pregnant or
postpartum women varies widely. Previous studies reported
incidence rates ranging from 18 to 95 events per 100 000
woman-years during pregnancy and from 199 to greater
than 1900 per 100 000 woman-years during the postpar-
tum period (2-7). Substantial variation also exists in the
reported incidence of venous thromboembolism by trimes-
ter and by time after delivery (8—14). Given the markedly
worse survival rate after pulmonary embolism compared
with that after deep venous thrombosis alone (15), identi-
fication of those pregnant or postpartum women at high
risk for pulmonary embolism is especially important. How-
ever, the incidence by type of venous thromboembolic
event during pregnancy and during the postpartum period
is uncertain (8, 10, 13, 14, 16-21).

The wide variability in reported rates probably reflects
differences in study design. For example, published studies
identified cases from a variety of sources, including hospital
inpatient databases (2, 3, 16, 22), the United Kingdom’s

National Health Service (4, 23), and hospital discharge and
maternity registries (5, 6). Because of diagnostic uncer-
tainty or misclassification, data from these sources possibly
underestimated or overestimated the actual incidence rate.
Incidence rates derived from hospital inpatient databases
potentially missed venous thromboembolism events that
occurred after discharge (2, 3, 5, 7, 22), and rates possibly
varied when data were reported by selected strata (23) or
when only patients referred to tertiary care centers were
included (7). Moreover, most studies did not separate in-
cident from recurrent events or include autopsy-discovered
events (13, 24, 25). Finally, only a few studies reported
trends in pregnancy-associated venous thromboembolism
incidence over time (5, 6, 23).
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Context

The risk for venous thromboembolism during pregnancy
and in the postpartum period has not been well defined
by previous studies.

Contribution

Using 30 years of data, these investigators found that the
risk for a first episode of venous thromboembolism is 5
times higher in the postpartum period than during preg-
nancy. The risk for pulmonary embolism is 15 times
greater during the postpartum period than during preg-
nancy.

Implications

Women at high risk for venous thromboembolism may
require special consideration for anticoagulation in the
postpartum period.

Cautions

The ethnicity of the study population was 98% white. The
findings may not be generalizable to other ethnic groups.

—The Editors

Because of these limitations, we performed a popula-
tion-based study to estimate the relative risk and incidence
of venous thromboembolism during pregnancy and the
postpartum period within a well-defined geographic area,
and we sought to describe trends in incidence over time.
We examined the incidence of pregnancy-associated deep
venous thrombosis and pulmonary embolism in women
living in Olmsted County, Minnesota, between 1966 and
1995. We calculated incidence during pregnancy, inci-
dence during the first 3 postpartum months, and total in-
cidence.

MEeTHODS
Study Setting and Design

Using the data resources of the Rochester Epidemiol-
ogy Project (26), we identified the inception cohort of
Olmsted County residents with a first lifetime deep venous
thrombosis or pulmonary embolism diagnosed between
1966 and 1995. We included all female residents of Olm-
sted County who had a venous thromboembolism during
pregnancy or the postpartum period; the postpartum pe-
riod was defined as delivery of a newborn within 3 months
before the deep venous thrombosis or pulmonary embo-
lism event date, including delivery of a stillborn infant after
the first trimester (27). The institutional review board of
the Mayo Clinic approved the study.
Definition of Deep Venous Thrombosis and Pulmonary
Embolism

A diagnosis of deep venous thrombosis was confirmed
by venography, computed tomography, magnetic reso-
nance imaging, impedance plethysmography, continuous-

69815 November 2005 | Annals of Internal Medicine | Volume 143 ® Number 10

wave Doppler ultrasonography (performed in the Mayo
Clinic Vascular Laboratory), compression venous duplex
ultrasonography, radionuclide venography, radiolabeled fi-
brinogen leg scan, or pathologic examination of a throm-
bus removed at surgery or autopsy. A patient was also in-
cluded when 1) the medical record indicated that a
physician diagnosed deep venous thrombosis (or possible
deep venous thrombosis); 2) signs and symptoms consis-
tent with deep venous thrombosis were present; and 3) the
patient received a course of anticoagulant therapy with
heparin, warfarin, or a similar agent or underwent a surgi-
cal procedure for treatment of deep venous thrombosis
(27). A diagnosis of pulmonary embolism was confirmed
by pulmonary angiography, computed tomography, mag-
netic resonance imaging, a perfusion or ventilation—perfusion
lung scan indicating high probability for pulmonary em-
bolism, or pathologic examination of a thrombus removed
at surgery or autopsy. A patient was also included when 1)
the medical record indicated that a physician made a diag-
nosis of pulmonary embolism; 2) signs and symptoms con-
sistent with pulmonary embolism were present; and 3) the
patient received a course of anticoagulant therapy with
heparin, warfarin, or a similar agent or underwent a surgi-
cal procedure for treatment of pulmonary embolism, such
as placement of an inferior vena cava filter. We did not
include patients who received only short-term anticoagula-
tion while awaiting results of diagnostic evaluation for sus-
pected deep venous thrombosis or pulmonary embolism.

Statistical Analysis

We also used the resources of the Rochester Epidemi-
ology Project to calculate Olmsted County pregnancy
rates. We determined the denominator by using Olmsted
County census data from 1970, 1980, 1990, and 2000 for
the population estimates, with linear interpolation for the
years between censuses. Yearly counts of live births, fetal
deaths, and neonatal deaths in Olmsted County from 1966
to 1995 were obtained from published documents from
the Minnesota Department of Health (Minnesota Health
Statistics Annual Summary). Counts were derived from the
residence of the mother rather than the place of birth. We
were able to obtain maternal ages for live births in Olmsted
County but not for fetal or neonatal deaths. We restricted
our study to pregnant women who did not have spontane-
ous or therapeutic abortions, but we did include stillbirths.
We calculated age-specific rates of live births by using the
number of live births as the numerator; for the denomina-
tor, we used age-specific census estimates of the female
population of Olmsted County to estimate person-years at
risk.

Each mother who gave birth was assumed to have a
single year of time within which to have a venous throm-
boembolism event (9 months during gestation and 3
months postparcum). Although the standard duration of
the postpartum period is 6 weeks, we used a duration of 3
months for this analysis because we wished to include all
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venous thromboembolism events that could possibly be
related to pregnancy. We were able to calculate age-specific
woman-years for each year (for example, number of live
births in Olmsted County); therefore, woman-years could
be summed over the relevant time interval to calculate the
correct denominator for the estimates of venous thrombo-
embolism incidence. To calculate the incidence of venous
thromboembolism during pregnancy and postpartum sep-
arately, we separated the denominator data by multiplying
the total number of woman-years by 0.75 for pregnancies
and by 0.25 for postpartum women. When determining
incidence by trimester, half-trimester, and week, we multi-
plied by 0.25, 0.125, and 0.019, respectively (13 of 52
weeks, 6.5 of 52 weeks, and 1 of 52 weeks). We also cal-
culated age-specific incidence rates for deep venous throm-
bosis alone and for pulmonary embolism (with or without
deep venous thrombosis) among pregnant and postpartum
women. Age-specific incidence rates were calculated overall
(1966 to 1995) and for 3 time periods: 1966 to 1975,
1976 to 1985, and 1986 to 1995. Overall incidence rates
over time were directly adjusted to the age distribution of
total woman-years during the entire time period (1966 to
1995).

Finally, we estimated the incidence of venous throm-
boembolism in Olmsted women of child-bearing years (age
15 to 45 years) that was not associated with pregnancy by
subtracting pregnancy-related and postpartum-related ve-
nous thromboembolism cases from the total number of
cases (numerator) and by subtracting the number of live
births between 1966 and 1995 from the total person-years
at risk for all Olmsted County women between the ages of
15 and 45 years (denominator). We estimated the relative
risk (standardized incidence ratio) for venous thromboem-
bolism among pregnant/postpartum  Olmsted County
women by dividing the observed number of venous throm-
boembolism events by the expected number of venous
thromboembolism events determined using the incidence
among nonpregnant Olmsted County women. We esti-
mated the relative risk for venous thromboembolism dur-
ing pregnancy or in the 3-month postpartum period by
dividing the observed number of patients with venous
thromboembolism during pregnancy or the postpartum
period by the expected number with venous thromboem-
bolism. The latter number was estimated by multiplying
the age-specific incidence of venous thromboembolism at-
tributable to other causes by the age-specific woman-years
observed among the pregnant and postpartum women in
Olmsted County between 1966 and 1995. We calculated
exact 95% confidence intervals for all venous thrombo-
embolism rates by assuming that the observed number of
venous thromboembolism events followed a Poisson distri-
bution.

We modeled the overall venous thromboembolism in-
cidence, the incidence of deep venous thrombosis, and the
incidence of pulmonary embolism among pregnant women
and among postpartum women. To assess the relationships

www.annals.org
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of crude incidence rates to year of diagnosis, to age at
diagnosis, and to postpartum status, we used generalized
linear models that assumed a Poisson error structure with a
log-link function and a log(woman-years) offset (28). We
modeled a categorical version and a functional (usually lin-
ear) version of each variable. When modeling functional
forms of calendar year at diagnosis and age at diagnosis, we
used the midpoint of the categorical interval. If the linear
version of age or calendar year fit as well as the categorical
version, we used the linear version, fitting higher-order
terms (quadratic or interactions) if the model-scaled devi-
ance suggested that they might explain the data better.

Model goodness-of-fit was assessed by model-scaled
deviance, which has a limiting chi-square distribution with
degrees of freedom equal to the number of cells minus the
number of model parameterized. We also used Pearson
chi-square residuals from the models with the most param-
eterized models (overall and within each postpartum sub-
group) divided by the degrees of freedom to estimate dis-
persion parameters (¢). We had no biological reason to
think there was overdispersion, and ¢ was less than 1.3 for
all saturated models assessed; therefore, we decided that
inflation of the model variance estimates was unnecessary.
Among the models that fit, we assessed a variable’s contri-
bution by examining the change in deviance between the 2
nested models. The change in deviance has a chi-square
distribution with degrees of freedom equal to the difference
between the number of parameters in each of the 2 models.
A P value of less than 0.05 was considered significant.

Role of the Funding Sources

The funding sources, the National Institutes of Health
and the Mayo Foundation, had no role in the design, con-
duct, or analysis of this study or in the decision to submit
the manuscript for publication.

REsuLTS

Altogether, 50 080 births occurred among Olmsted
County women who were 15 years of age or older during
the 30-year study period, 1966 to 1995. Within this time
frame, both the population of Olmsted County and the
number of pregnancies increased. However, the pregnancy
rate (births per female population) decreased in the early
1970s but remained stable thereafter (Figure 1). A shift
toward older maternal age also occurred during the study
period. Among women of childbearing age, the rate of live
births ranged from a low of 590.6 per 100 000 for women
35 years of age or older to a high of 14280.3 per 100 000
for those 25 to 29 years of age.

During this same time period, 105 cases of deep ve-
nous thrombosis or pulmonary embolism were identified
in women who were either pregnant or postpartum. Five
events occurred among women with spontaneous or ther-
apeutic abortions and were excluded from further analysis
because maternal age was unavailable in the Minnesota
State Department of Health tables. Of the remaining
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Figure 1. Pregnancy rate (births per female population) in
Olmsted County, Minnesota, 1966-1995, by calendar year.
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events, 76 represented deep venous thrombosis alone and
24 were cases of pulmonary embolism with or without
deep venous thrombosis. This was over 4 times higher than
the expected number of 23.3 venous thromboembolism
events for nonpregnant women of the same age (standard-
ized incidence ratio, 4.29 [CI, 3.49 to 5.22]; P < 0.001).
The overall median age of pregnant or postpartum women
with a venous thromboembolism event was 27.6 years
(range, 16.8 to 43.8 years); the median age at diagnosis was
27.6 years for deep venous thrombosis and 28.5 years for
pulmonary embolism cases. Two of the 100 women with
venous thromboembolism during the postpartum period
had pregnancies that ended in stillbirths at 36 weeks™ ges-
tation or later.

When all pregnant and postpartum women were con-
sidered together, the unadjusted incidence rates for any
venous thromboembolism event, deep venous thrombosis
alone, and pulmonary embolism with or without deep ve-
nous thrombosis were 199.7, 151.8 and 47.9 per 100 000
woman-years, respectively (Table 1); incidence rates were
292.8, 167.0 and 125.8 per 100 000 woman-years directly
adjusted to the age distribution of the population of white

women in the United States in the year 2000. The overall
incidence of venous thromboembolism was higher in the
postpartum period than during pregnancy (511.2 vs. 95.8
per 100 000). Not only was the overall incidence of deep
venous thrombosis higher in the postpartum period than
during pregnancy (351.4 vs. 85.2 per 100 000), but the
observed incidence of pulmonary embolism was more than
15 times higher in the first 3 postpartum months (159.7
vs. 10.6 per 100 000).

The highest incidence of venous thromboembolism
during pregnancy occurred within the youngest age group
(15 to 19 years) (Table 1), and most events were cases of
deep venous thrombosis alone. In contrast, the incidence
of venous thromboembolism during the postpartum period
increased with advancing maternal age and was highest in
women in the oldest age group (35 years of age or older).
Moreover, the incidence of pulmonary embolism was strik-
ingly increased for postpartum women within the oldest
age group. Of the postpartum women with pulmonary em-
bolism, one 38-year-old woman died suddenly and pulmo-
nary embolism was discovered at autopsy.

Only 4 venous thromboembolism events occurred
during the first trimester. The overall incidence and the
incidence of deep venous thrombosis and pulmonary em-
bolism individually were nonsignificantly higher during
the third trimester compared with the second trimester for
all maternal age groups except for women from age 25 to
29 years (P > 0.30 univariately, P2 > 0.60 for interactions)
(Table 2). Fourteen of 36 events occurred during the sec-
ond trimester (weeks 13 to 26; incidence rate, 111.8 per
100 000 woman-years), whereas 18 of 36 events occurred
during the third trimester (week 27 or later; incidence rate,
143.8 per 100 000 woman-years). However, the incidence
rates were relatively constant for the last 20 weeks of preg-
nancy (incidence rate, 143.8 per 100 000 woman-years).
The overall incidence and the incidence of deep venous
thrombosis and pulmonary embolism individually were
highest during the first postpartum week (25-fold higher in
the first postpartum week than in the last trimester of preg-
nancy) and progressively decreased thereafter (Table 2).

Table 1. Incidence of Deep Venous Thrombosis and Pulmonary Embolism among Pregnant, Postpartum, and Nonpregnant Women in

Olmsted County, Minnesota, 1966-1995

Age Deep Venous Thrombosis Pulmonary Embolism
Group, y
Pregnancy Postpartum Total Pregnancy Postpartum

Women, Rate Women, Rate Women, Rate Women, Rate Women, Rate

n (95% CI)* n (95% CI)* n (95% CI)* n (95% CI)* n (95% CI)*
15-19 5] 200.6 2 240.7 7 210.6 1 40.1 0 0.0
20-24 7 71.5 11 337.0 18 137.8 0 0.0 5 153.2
25-29 8 56.2 19 400.6 27 142.3 0 0.0 7 147.6
30-34 8 95.5 10 358.2 18 161.2 3 35.8 2 71.6
=35 4 149.8 2 224.7 6 168.5 0 0.0 6 674.2
All agest 32 85.2 (58.3-120.3) 44 351.4 (255.4-471.8) 76 151.8(119.6-190.0) 4 10.6 (2.9-27.3) 20 159.7 (97.6-246.7)

* Incidence per 100 000 woman-years.
T Incidence per 100 000 woman-years unadjusted.
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Sixty-two of 64 events occurred during the first 6.5 post-
partum weeks (incidence rate, 990.4 per 100 000 woman-
years), whereas only 2 events (at postpartum weeks 8 and
10) occurred in the second 6.5 postpartum weeks (inci-
dence rate, 31.9 per 100 000 woman-years). In general, the
incidence by week after delivery was highest among moth-
ers who were 35 years of age or older.

Over the 30-year study period, the overall incidence of
venous thromboembolism decreased by half, with most of
the observed decrease occurring during the 1970s (Table 3
and Figure 2). This decline was noted in all age groups
except in patients 15 to 19 years of age, where the inci-
dence more than doubled from the first to last decades
(data not shown). The greatest decrease occurred among
postpartum women, whereas the incidence among preg-
nant women remained essentially constant over the last 2
study decades. The overall incidence of deep venous
thrombosis decreased from the earliest study decade to the
last (from 223.8 to 148.9 per 100 000 woman-years),
mainly because of a reduced incidence during the postpar-
tum period. The incidence of deep venous thrombosis dur-
ing pregnancy remained essentially unchanged for the en-
tire period. The incidence of pulmonary embolism during
pregnancy, postpartum, and overall was constant for the
first 2 decades of study, but of particular note, there were
no pulmonary embolism events among pregnant or post-
partum women in the last study decade.

In the univariate analyses, the relative risk for venous
thromboembolism was more than 5 times higher during
the first 3 postpartum months versus during pregnancy
(5.33 [CI, 3.55 to 8.02]; P < 0.001). The best fitting
model included interactions between postpartum status
(pregnancy vs. postpartum) and age, and between postpar-
tum status and calendar year (Figure 3). During preg-
nancy, the risk for venous thromboembolism was signifi-
cantly related to maternal age, with a higher risk for both
younger and older mothers (P = 0.044) (Table 4). The
risk for postpartum venous thromboembolism decreased
significantly by calendar year (P < 0.001) and increased
nonsignificantly with increasing maternal age (P = 0.068).
The relative risk for deep venous thrombosis alone was

Table I—Continued
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more than 4 times higher during the first 3 postpartum
months versus during pregnancy (2 < 0.001). The relative
risk for pulmonary embolism was significantly and directly
related to the postpartum period and increasing maternal
age and inversely related to calendar year.

Discussion

We have described the incidence of deep venous
thrombosis and pulmonary embolism among pregnant and
postpartum women in a well-defined geographic popula-
tion from 1966 to 1995. Previously, we estimated that the
incidence of venous thromboembolism among Olmsted
County women from 1966 to 1990 ranged from 27 to 84
per 100 000 woman-years for women 15 to 19 years of age
and 40 to 44 years of age, respectively (27). Of the women
in these age groups, 25% had venous thromboembolism
during or immediately following pregnancy. The incidence
of venous thromboembolism in women of childbearing age
(15 to 45 years of age) attributable to other causes was
17.1, 35.0, 46.5, 57.4, and 62.6 per 100 000 woman-
years, unadjusted, for women 15 to 19, 20 to 24, 25 to 29,
30 to 34, and 35 years of age or older, respectively. The
overall incidence was 48.1 (directly adjusted to the age
distribution of the population of white women in the
United States in the year 2000). In the current study,
which captures an additional 5 years of data and specifi-
cally addresses the frequency of venous thromboembolism
among pregnant or postpartum women, the true incidence
is much higher than previously published estimates: 240.7
per 100 000 woman-years for women between the ages of
15 and 19 years and 337.1 per 100 000 for women 35
years of age and older.

Previous reports of the incidence of deep venous
thrombosis and pulmonary embolism during pregnancy
versus postpartum are inconsistent (2-4, 6-8, 11, 13, 18,
21, 25). Most studies of pregnancy-associated venous
thromboembolism used the number of deliveries (or ma-
ternities) as the denominator, which does not adjust for the
different duration of risk for pregnancy versus the postpar-
tum period (2-7). Furthermore, the definition of the post-

Pulmonary Embolism

All Venous Thromboembolism

Total Pregnancy Postpartum Total Not Pregnant or Postpartum

Women, Rate Women, Rate Women, Rate Women, Rate Women, Rate

n (95% CI)* n (95% CI)* n (95% CI)* n (95% CI)* n (95% CI)*

1 301 6 240.7 2 240.7 8 240.7 19 171

5 38.3 7 71.5 16 490.1 23 176.1 40 35.0

7 36.9 8 56.2 26 548.2 34 179.2 53 46.5

5 44.8 11 131.3 12 429.8 23 206.0 64 57.4

6 168.5 4 149.8 8 898.9 12 3371 117 62.6

24 479 (30.7-71.3) 36 95.8 (67.1-132.7) 64 511.2 (393.7-652.8) 100 199.7 (162.5-242.9) 293 46.0 (40.9-51.5)
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Table 2. Incidence of Venous Thromboembolism among Pregnant or Postpartum Women in Olmsted County, Minnesota, by

Trimester and by Week for First 6 Postpartum Weeks, 1966-1995

Age Group, y Pregnancy Postpartum

2nd Trimester 3rd Trimester Week 1 Week 2

Women, n  Rate (95% CI)* Women, n  Rate (95% CI)* Women, n  Rate (95% CI)t Women, n  Rate (95% CI)t

15-19 2 240.7 3 361.0 2 3166.8 0 0
20-24 3 91.9 4 1225 4 1612.2 7 2821.4
25-29 4 84.3 2 42.2 16 4438.9 4 1109.7
30-34 4 143.3 6 214.9 8 3770.5 1 471.3
=35 1 112.4 3 3371 4 5913.7 2 2956.8
All agest 14 111 (61.1-187.6) 18 143.8 (85.2-227.2) 34 3573.2 (2474.6-4993.2) 14 1471.3 (804.4-2468.6)

* Incidence per 100 000 woman-years where the denominator is the number of live births divided by 4 (trimester set to 0.25 year).
T Incidence per 100 000 woman-years where the denominator is the number of live births divided by 52 (52 weeks per year).

¥ Incidence per 100 000 woman-years unadjusted.

partum period differed among studies. In general, our
overall venous thromboembolism incidence rates, as well as
the rates for deep venous thrombosis and pulmonary em-
bolism per se, were 1.6 to 2.6 times higher than previously
reported (2-7). We believe our community-wide medical
records linkage system, which offered a more thorough case
ascertainment, probably accounts for this difference. Be-
cause the Olmsted County population was 98% white and
of non-Hispanic ethnicity, the results may not be general-
izable to other ethnicities.

Although the incidence of venous thromboembolism
is higher among pregnant or postpartum women than
among women of similar age in the general population, our
study cannot address whether prophylaxis during preg-
nancy or the postpartum period is indicated. However, our
data can provide guidance to physicians who are consider-
ing prophylaxis for women who are believed to be at high
risk for pregnancy-related venous thromboembolism. For
example, the incidence of venous thromboembolism over-
all, and of pulmonary embolism in particular, was signifi-
cantly higher among postpartum women, especially older
postpartum women. Therefore, physicians who are con-
templating venous thromboembolism prophylaxis should
give strongest consideration to patients who fall into this
category. For example, the overall venous thromboembo-
lism incidences of 3.6% and 1.5% for the first and second
postpartum weeks, respectively (Table 2), are at least com-
parable to the 2% to 5% incidence of symptomatic venous

thromboembolism after elective total hip replacement in
patients who did not receive prophylaxis (29). Our find-
ings suggest that prophylaxis for a minimum of the first 2
postpartum weeks (ideally, for the first 6 weeks) will pro-
tect women during the highest period of risk. These sug-
gestions are supported by a recent study showing that, of
events occurring in the first 6 postpartum weeks, 50% oc-
curred in the first 2 weeks and 50% occurred in the next 4
weeks; only 2 events occurred within postpartum weeks 7
through 12 (30).

In contrast, the incidence of venous thromboembo-
lism in pregnant women was higher among the youngest
(15 to 19 years) and the oldest (35 years of age or older)
women. We could not estimate the incidence of venous
thromboembolism during the first trimester because preg-
nancies of less than 13 weeks™ duration are not uniformly
captured by the Minnesota Department of Health. How-
ever, only 4 events occurred during the first trimester, sug-
gesting that the incidence is low compared with that dur-
ing the second and third trimesters. Because many women
are unaware of a pregnancy until relatively late into the first
trimester, one could consider providing prophylaxis during
the period of conception for women considered at high risk
for pregnancy-associated venous thromboembolism. How-
ever, our data suggest that such a practice is unnecessary.
Although the incidence was higher in the third trimester
than the second trimester, the incidence rates were rela-
tively constant for the last 20 weeks of pregnancy, as sug-

Table 3. Trends by Decade for Incidence of Venous Thromboembolism among Pregnant or Postpartum Women in Olmsted County,

Minnesota, =15 Years of Age, 1966-1995

Time Deep Venous Thrombosis
Period

Pulmonary Embolism

Pregnancy Postpartum

Total Pregnancy Postpartum

Women, Rate (95% CI)* Women, Rate (95% CI)*
n n n

103.8 (40.2-167.5) 21 583.5 (328.1-838.9) 32
76.5(26.1-126.8) 10 243.2 (91.2-395.3) 19
94.0 (38.8-149.2) 13 313.8 (135.1-492.4) 25

1966-1975 11
1976-1985 9
1986-1995 12

Women, Rate (95% CI)*

Women, Rate (95% CI)* Women, Rate (95% CI)*
n n

19.1 (0-46.8) 10
18.1(0.0-43.2) 10
0.0 (0.0-7.4) 0

223.8 (144.0-303.5) 2
118.2 (64.6-171.7) 2
1489 (88.0-209.8) 0

245.1 (90.8-399.4)
278.8 (103.7-453.9)
0.0 (0.0-7.4)

* Incidence per 100 000 woman-years directly adjusted to the overall age distribution of pregnant and postpartum woman-years in Olmsted County, 1966-1995.

70215 November 2005 | Annals of Internal Medicine | Volume 143 * Number 10

www.annals.org



Table 2—Continued

Venous Thromboembolism Incidence in Pregnancy ARTICLE

Postpartum

Week 3 Week 4 Week 5 Week 6
Women, n Rate (95% CI)t Women, n Rate (95% CI)t Women, n Rate (95% CI)t Women, n Rate (95% CI)t
0 0 0 0 0 0 0 0
1 403.1 1 403.1 2 806.1 0 0
3 832.3 1 277.4 0 0 2 554.9
1 471.3 0 0 0 0 1 471.3
1 1478.4 1 1478.4 0 0 0 0
6 630.6 (231.4-1372.5) 3 315.3 (65.0-921.4) 2 210.2 (25.4-759.3) 3 315.3 (65.0-921.4)

gested in a previous report (18). However, contrary to 1
previous report (21), we observed no spike in venous
thromboembolism incidence in the last week of pregnancy
(data not shown). Therefore, our data suggest that prophy-
laxis during pregnancy should be particularly directed to
women in the youngest and oldest age groups and those in
the second and third trimesters, particularly in the last 20
weeks of pregnancy.

The incidence of venous thromboembolism in the
general population is strongly and directly related to ad-
vancing patient age (27). Previous studies found a similar
relationship between venous thromboembolism incidence
and maternal age (23). Consequently, we were surprised to
find that the youngest women had a significantly higher
incidence of deep venous thrombosis and venous throm-
boembolism overall during pregnancy. Recent analyses of
the Nationwide Inpatient Sample (Healthcare Cost and
Utilization Project, Agency for Healthcare Research and
Quality) reached a similar conclusion (James AH. Personal
communication). In a previous population-based case—
control study, we tested many baseline and pregnancy-
related characteristics as potential risk factors for venous
thromboembolism (20). In univariate analyses, smoking,
previous supetficial venous thrombosis, and varicose veins
were associated with venous thromboembolism during
pregnancy or the postpartum period, whereas maternal age,
body mass index, parity, gravidity, preeclampsia, bed rest,
surgery or anesthesia, anticoagulant prophylaxis, and hor-
mone therapy were not. In multivariate analyses, only

smoking (odds ratio, 2.4 [CI, 1.2 to 4.6]) and previous

Table 3—Continued

superficial venous thrombosis (odds ratio, 9.4 [CI, 1.2 to
75.4]) were independent risk factors for venous thrombo-
embolism during pregnancy or postpartum. Within our
cohort of women with venous thromboembolism during
pregnancy, the proportion of the youngest women who
were current or former smokers was similar to that of older
women. Futhermore, none of the women within the
youngest age group had previous superficial venous throm-
bosis, preeclampsia, hypertension, placenta previa, hy-
peremesis gravidarum, or a history of prolonged bed rest.
Therefore, we could not identify any recognized provoca-
tion that might have caused a higher incidence of venous
thromboembolism during pregnancy among the youngest
age group.

The overall incidence of pregnancy-associated venous
thromboembolism decreased over the 30-year study pe-
riod, predominantly because of a decrease in the postpar-
tum incidence of pulmonary embolism. Among pregnant
women, there was little change in the overall rate of venous
thromboembolism. When all women were considered, the
incidence of deep venous thrombosis declined slightly and
nonsignificantly, but the incidence of pulmonary embo-
lism decreased dramatically during the last 10 years of the
study. Indeed, no pregnancy-associated pulmonary embo-
lism events occurred during this latter period. This obser-
vation is unlikely to have occurred by chance (assuming a
Poisson distribution; P < 0.02). The observed decline in
pulmonary embolism incidence was not attributable to a
decrease in the number of pregnancies, loss of Olmsted
County population, or a decrease in the pregnancy rate

Pulmonary Embolism

All Venous Thromboembolism

Total Pregnancy
Women, Rate (95% CI)* Women, Rate (95% CI)*
n n
12 75.6 (31.8-119.4) 13 122.9 (53.5-192.3)
12 83.3 (35.6-130.9) 11 94.6 (38.3-150.8)
0 0.0 (0.0-7.4) 12 94.0 (38.8-149.2)

Postpartum Total
Women, Rate (95% CI)* Women, Rate (95% CI)*
n n
31 828.6 (530.2-1127.0) 44 299.3 (208.4-390.3)
20 522.0 (290.1-753.9) 31 201.4 (129.7-273.1)
13 313.8 (135.1-492.4) 225 148.9 (88.0-209.8)
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Figure 2. Adjusted incidence per 100 000 woman-years of
venous thromboembolism among pregnant or postpartum
women in Olmsted County, Minnesota, adjusted to the overall
age distribution of pregnancy and postpartum years from
1966-1995, by calendar year (3-year moving window of time).
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(Figure 1). Because most pulmonary embolism events oc-
curring between 1976 and 1985 were objectively diag-
nosed, an improved ability to rule out pulmonary embo-

lism is unlikely to account for the observed absence of
pulmonary embolism events during the last study decade.
Instead, we speculate that this observation may be related
to earlier mobilization of the mother associated with pro-
gressively shorter hospitalizations after delivery in the re-
cent decade. Further studies are required to test this hy-
pothesis.

In summary, we have shown that the incidence of
venous thromboembolism among pregnant or postpartum
women exceeds the incidence among nonpregnant women
of similar age after correctly accounting for the time at risk.
The postpartum period is the highest-risk period for ve-
nous thromboembolism and pulmonary embolism in par-
ticular. This risk can be further stratified by maternal age
and time since delivery. For uncertain reasons, the inci-
dence of postpartum venous thromboembolism, particu-
larly pulmonary embolism, appears to be declining over
time. In contrast, the overall incidence of venous thrombo-
embolism (and deep venous thrombosis in particular) dur-
ing pregnancy appears unchanged over time. The inci-
dence of venous thromboembolism during pregnancy is
highest during the last 20 weeks of pregnancy, particularly
among the youngest and the oldest mothers. Our study
results have significant implications for prophylaxis consid-

Figure 3. Poisson regression models of venous thromboembolism incidence rates by year of maternal age among pregnant or

postpartum women in Olmsted County, Minnesota, 1966-1995.
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Table 4. Relative Risk for Venous Thromboembolism by Pregnancy Status, Calendar Year, and Maternal Age among Women from

Olmsted County, Minnesota, 1966-1995

Age 40y vs. 25y
Age40yvs. 15y

Venous thromboembolism during postpartum period

Comparison Model Estimates Model Goodness of Fit
Relative Risk (95% CI) P Value Deviance Divided by P Value
Degrees of Freedom
Venous thromboembolism during pregnancy
Age 15y vs. 25y 5.22 (1.34-20.36) 0.044* 0.995 0.45

5.46 (1.31-22.78)
1.05 (0.29-3.80)

Risk per increasing calendar year 0.95 (0.92-0.98) <0.001 1.185 0.29
Risk per 10 years of age 1.57 (0.97-2.55) 0.068
Deep venous thrombosis
Postpartum vs. pregnancy 4.12 (2.62-6.50) <0.001 1.285 0.143
Pulmonary embolism
Postpartum vs. pregnancy 15.00 (5.13-43.89) <0.001 1.327 0.123
Risk per increasing calendar year 0.90 (0.85-0.96) <0.001
Risk per 10 years of age 2.99 (1.37-6.52) 0.006

* Two degrees of freedom chi-square (quadratic form of age).

erations in pregnant and postpartum women. Whereas ma-
ternal mortality has declined dramatically in the past 70
years, pulmonary embolism remains 1 of the most com-
mon causes of maternal death in the United States and the
United Kingdom (31-34). The rate of pulmonary embo-
lism—related maternal death remains at about 2 to 3 per
100 000 live births in the United States (17, 33). By better
directing prophylaxis to women considered at high risk for
pregnancy-related venous thromboembolism, health care
providers may be able to reduce the rate of maternal deaths
resulting from pulmonary embolism. Additional studies are
needed, however, to identify risk factors for venous thrombo-
embolism during pregnancy.
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Thromhoembolism in Pregnancy: A Continuing Conundrum

linicians have known for years that pregnancy places

women at increased risk for thromboembolism. In
1878, Angus MacDonald described pulmonary embolism
and infarction in postmortem examinations of women dy-
ing during pregnancy and the postpartum period (1). He
commented on the frequency of embolic events in women
with cardiovascular disease who died. Our understanding
of the pathophysiology and the natural history of throm-
boembolic disease in pregnant and postpartum patients has
been expanding ever since 1856, when Virchow (2) postu-
lated that hypercoagulability, vessel wall injury, and alter-
ations in blood flow foster thrombus formation.

Since the observations of MacDonald and Virchow,
the location, timing, and epidemiology of gestational and
parturitional thromboembolism were largely in the realm
of clinical impressions until our ability to diagnose hered-
itary and acquired thrombophilias enlarged our capacity to
identify treatable patients at risk (3, 4). For the past 30
years, epidemiologic and molecular biologic studies have
elucidated the complex relationship between pregnancy
and thromboembolism. These studies have not substan-
tially simplified the clinical management of pregnant pa-
tients, which would require clinical trials that are difficult
to perform in a low-incidence illness.

The literature on managing thromboembolic states
during pregnancy and the postpartum period has serious
shortcomings. The main problem is that authors fail to
adopt consistent case definitions (5-9). Authors must spec-
ify the patient’s age, the timing of thromboembolic events
during pregnancy or the weeks and months after delivery,
the location of the thrombotic or embolic event, and the
patient’s history of thromboembolic disease or predisposi-
tion. Studies have failed to answer several important ques-
tions. What is the study sample? Women with first epi-
sodes of thromboembolism, women with repeated
episodes, or both? Did the thrombosis involve proximal
veins, distal veins, or both? What was the patient’s throm-
bophilic status or predisposition? Did the study include
valid comparison samples of nonpregnant patients and
pregnant patients without thromboembolism? In this issue,
Dr. Heit and colleagues at the Mayo Clinic (10) have man-
aged to address many of these questions in their 30-year
study of venous thromboembolism in pregnant and post-
partum women. They used the resources of the Rochester
Minnesota Epidemiology Project to establish a cohort
drawn from Olmsted County, Minnesota, between 1966
and 1995.

The study sample was women experiencing their first
episode of deep venous thrombosis (DVT), thrombophle-
bitis, or pulmonary embolism during pregnancy or the
postpartum period. The authors used Olmsted County
records to create comparison groups of age-matched preg-
nant and nonpregnant women with and without DVT or
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pulmonary embolism. The authors did not describe the
location of the venous thrombotic event.

Dr. Heit and colleagues have provided solid clinical
evidence to confirm current clinical wisdom: Pregnancy
increases the risk for thromboembolism. No time during
pregnancy is without thromboembolic risk. The risk is low
in the first trimester, remains relatively constant for the rest
of gestation, and increases sharply after delivery. The man-
ifestations of thromboembolic disease also change. Ante-
partum DVT without pulmonary embolism is more com-
mon than DVT with pulmonary embolism or pulmonary
embolism without identifiable DVT. Intrapartum and dur-
ing the postpartum period, pulmonary embolism has a
much higher incidence than during pregnancy and often
occurs without symptomatic DVT.

The occurrence of DVT during gestation was signifi-
cantly higher in the youngest (15 to 19 years) and the
oldest (=40 years) age groups relative to the 25-year-old
women, findings that will not surprise experienced clini-
cians. Relative to pregnancy, the incidence of DVT was
much higher in the postpartum period in women during
their most active reproductive years (20 to 34 years). The
increase in incidence of pulmonary embolism in this group
was much less impressive. Among women 35 years of age
or older, the incidence of pulmonary embolism was higher
than DVT alone. The validity of these comparisons is un-
certain because of the small number of patients in the
subgroups (10). In another study (11), the location of
DVT varied with the patient’s age; iliofemoral DVT was
especially common in adolescents during the first complete
pregnancy, and popliteal or saphenous DVT was common
in older patients.

In a previous publication (9) that cited data from the
Rochester Minnesota Epidemiology Project study popula-
tion, the authors provided limited information to help
stratify patients according to their risk for thromboembo-
lism. Smoking and previous episodes of superficial venous
thrombosis were independent risk factors for DVT or pul-
monary embolism during pregnancy and the postpartum
period. In contrast to other studies (4—7) and reviews (11),
several other factors, including obesity, bed rest, surgery,
preeclampsia, gestational age at delivery, and obstetric
complications, were not associated with higher rates or
risks for DVT or pulmonary embolism. Their findings sug-
gest that superficial venous thrombosis or thrombophlebi-
tis may not be a benign nuisance in pregnancy but rather
an important clinical clue to underlying acquired or hered-
itary thrombophilias. The authors, however, did not iden-
tify patients with a thrombophilic propensity by taking
family history or by testing for acquired or hereditary
thrombophilias. Important questions remain to be asked
about the biology and natural history of thromboembolism
during pregnancy and postpartum.
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Practitioners face 2 crucial clinical questions. First, are
pregnancy-related thromboembolic events preventable?
Second, can clinicians identify the patients who are at
greatest risk and who therefore might benefit from prophy-
lactic anticoagulation? The answer to the first question
would need to be determined by a multicenter, random-
ized trial of prophylaxis in women at high risk for preg-
nancy-related venous thromboembolism. No one has yet
performed this clinical trial with sufficient power, so we
must seek other, less powerful forms of evidence about the
effect of prophylaxis (12).

Perhaps the greatest barrier to advancing our knowl-
edge of management is the relatively low incidence of ve-
nous thromboembolism in pregnancy and the postpartum
period. In Heit and colleagues’ population-based study,
only 105 cases occurred over 30 years. Trends in the inci-
dence of pulmonary embolism and DVT may provide a
clue to the effect of prevention. The incidence of postpar-
tum DVT and pulmonary embolism decreased during the
last decade of the study, whereas the incidence of DVT
during pregnancy did not change over the entire 30-year
study. Although this finding suggests increasingly effective
prevention of venous thromboembolism in the postpartum
period, we need stronger evidence that prevention did im-
prove and better knowledge of what interventions were
responsible.

During the past 20 to 30 years, pulmonary embolism
has overtaken all other causes of maternal death (13, 14).
Given the increased capacity to diagnose deep venous
thrombosis, clinical emphasis must shift to diagnosing or
preventing silent venous thrombi, which are the most
likely to propagate and embolize. For women with no his-
tory of venous thromboembolic events, laboratory screen-
ing for acquired or hereditary thrombophilias is prohibi-
tively expensive in both time and money. Other risk factors
for venous thromboembolism that have become indica-
tions for prophylactic anticoagulation in postpartum pa-
tients (obesity, varicose veins, operative delivery, and such
obstetric complications as preeclampsia) require further ep-
idemiologic study to prove that they identify patients at
increased risk. Before we routinely prescribe heparin or
fractionated heparin derivatives for prophylaxis, we must
have strong supporting evidence from randomized trials
and well-validated predictive models that use carefully
defined thrombophilic risk factors to identify high-risk
patients.

This study of women experiencing their first lifetime
episode of DVT or pulmonary embolism provides little or
no guidance about the risk for recurrence in future preg-
nancies or effective management strategies. Studies of
smaller cohorts of women with a previous episode of
thromboembolism during pregnancy indicate that throm-
bophilic conditions are associated with increased risks for
recurrence (15). Should all women who have experienced a
pregnancy-related thromboembolic event be evaluated for
thrombophilias? Should we routinely manage such patients
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with anticoagulation when they become pregnant? At
present, we cannot answer these questions. Although Heit
and his colleagues have provided a good model for rigorous
population-based study of pregnancy-related VTE, their
study did not address many key questions about clinical
management. Clinicians need large, high-quality studies
that do address the management of thromboembolic risks
in pregnant and postpartum women.

Richard V. Lee, MD
State University of New York at Buffalo
Buffalo, NY 14214

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Richard V. Lee, MD, 7664 East Quaker
Road, Orchard Park, NY 14127; e-mail, dmdrvl@buffalo.edu.

Ann Intern Med. 2005;143:749-750.

References

1. MacDonald A. The Bearings of Chronic Disease of the Heart upon Preg-
nancy, Parturition, and Childbed. London: ] & A Churchill; 1878:43-61.

2. Lowe GD. Virchow’s triad revisited: abnormal flow. Pathophysiol Haemost
Thromb. 2003;33:455-7. [PMID: 15692260]

3. Seligsohn U, Lubetsky A. Genetic susceptibility to venous thrombosis. N Engl
] Med. 2001;344:1222-31. [PMID: 11309638].

4. Kyrle PA, Eichinger S. Deep vein thrombosis. Lancet. 2005;365:1163-74.
[PMID: 15794972]

5. Treffers PE, Huidekoper BL, Weenink GH, Kloosterman GJ. Epidemiolog-
ical observations of thrombo-embolic disease during pregnancy and in the puer-
perium, in 56, 022 women. Int ] Gynaecol Obstet. 1983;21:327-31. [PMID:
6141088]

6. Lee RV, McComb LE, Mezzadri FC. Pregnant patients, painful legs: the
obstetrician’s dilemma. Obstet Gynecol Surv. 1990;45:290-8. [PMID: 2186317]
7. Ginsberg JS, Brill-Edwards P, Burrows RF, Bona R, Prandoni P, Buller HR,
et al. Venous thrombosis during pregnancy: leg and trimester of presentation.
Thromb Haemost. 1992;67:519-20. [PMID: 1519211]

8. Ray JG, Chan WS. Deep vein thrombosis during pregnancy and the puerpe-
rium: a meta-analysis of the period of risk and the leg of presentation. Obstet
Gynecol Surv. 1999;54:265-71. [PMID: 10198931]

9. Danilenko-Dixon DR, Heit JA, Silverstein MD, Yawn BP, Petterson TM,
Lohse CM, et al. Risk factors for deep vein thrombosis and pulmonary embolism
during pregnancy or post partum: a population-based, case-control study. Am J
Obstet Gynecol. 2001;184:104-10. [PMID: 11174488]

10. Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR, Melton 1]
III. Trends in the incidence of venous thromboembolism during pregnancy or
postpartum: a 30-year population-based study. Ann Intern Med. 2005;143:697-
706.

11. De Swiet M. Thromboembolic disease. Current Obstet Med 1993;2:163-82.
12. Barbour LA, Pickard J. Controversies in thromboembolic disease during
pregnancy: a critical review. Obstet Gynecol. 1995;86:621-33. [PMID:
7675391]

13. De Swiet M. Maternal mortality, a vindication of obstetric medicine. ] Ob-
stet Gynaecol. 2003;23:535-9. [PMID: 12963516]

14. Lee RV. What maternal mortality statistics tell us: high-risk pregnancy, a
consequence of medical progress. ] Obstet Gynaecol. 2003;23:532-4. [PMID:
12963515]

15. Brill-Edwards P, Ginsberg JS, Gent M, Hirsh J, Burrows R, Kearon C, et
al. Safety of withholding heparin in pregnant women with a history of venous
thromboembolism. Recurrence of Clot in This Pregnancy Study Group. N Engl
J Med. 2000;343:1439-44. [PMID: 11078768]

© 2005 American College of Physicians

www.annals.org





