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Introduction: The risk of venous thromboembolism (VTE) is higher during pregnancy, with an incidence between
0.05 and 0.2%, and among personswith sickle cell disease (SCD), yet the rates and risk factors, such as pneumonia,
vasooclusive crisis (VOC), and acute chest syndrome (ACS), associatedwith pregnancy-relatedVTE are not firmly
established in SCD.
Methods: Inpatient hospital discharge data from 2007-2011 were obtained from the Pennsylvania Health Care
Cost Containment Council to estimate the rate of VTE among African American delivery hospitalizations with
SCD and to compare pregnancy complications and medical comorbidities among pregnant women with SCD.
Results: Among 212 hospitalized deliveries in African-Americanwomenwith SCD, 6 (2.8%, 95% CI 1.0%-5.9%) had
VTE compared to 0.05 to 2.0% in the general population. Risk factors for VTE included pneumonia and diabetes

mellitus. Overall, the prevalence of VTE, among hospitalized deliveries in SCD women with pneumonia, VOC,
and/or ACS, 6.6%, was significantly greater than among those without these conditions, 2.2%, p b 0.001.
Conclusion: Pregnancy-related VTE in women with SCD appears to be 1.5 to 5 times greater than pregnancy-
related VTE in the general population. The higher prevalence of VTE among pregnant women with pneumonia,
VOC, and/or ACS, and their potential clinical overlap, suggests that VTE may be missed in such women. We con-
clude that VTE in pregnant women with SCD may bemore common than previously reported, and such women
might be candidates for thromboprophylaxis.
© 2014 Elsevier Ltd. All rights reserved.
Introduction

Sickle cell disease (SCD) and pregnancy are each individually associ-
ated with thrombosis. During pregnancy, women have a 4- to 5-fold in-
creased risk of thromboembolism [1,2], and up to 80 percent of
thrombotic events are venous [3]. Furthermore, 80% of pregnancy-
associated venous thromboembolic events are due to deep venous
thrombosis (DVT) with the remaining 20% percent due to pulmonary
embolism (PE) [4,5]. The absolute risk of venous thromboembolism
(VTE) during pregnancy is between 0.5 and 2.0 per 1000 deliveries
and is associated with 1.1 deaths per 100,000 deliveries [6]. VTE risk is
greatest in the postpartum period, increasing 20- to 80-fold during the
first 6 weeks postpartum [1,2]. VTE risk during pregnancy is related to
increased venous distention, decreased venous outflow, decreased mo-
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bility, and a decrease in anticoagulant proteins, such as protein S, with a
simultaneous increase in procoagulant proteins, such as factor VIII, von
Willebrand factor, and fibrinogen [7].

An association between SCD and VTE has been established in several
studies. The incidence of PE in hospitalized SCD patients is 50- to 100-
fold higher compared with the general population [8], and among hos-
pitalized African-Americans with SCD, PE prevalence is 3.6-fold higher
than in age-matched controls [9]. Further, among patients with acute
chest syndrome (ACS), the prevalence of pulmonary artery thrombosis
is 17% [10], and, at autopsy, PE is found in over a third, 38.1%, andmicro-
vascular pulmonary thrombi, although small (b1millimeter) and unde-
tected by computed tomography, are noted in over a quarter, 28.5% [11].

The risk of DVT and PE in pregnant women with SCD is not firmly
established, but among pregnancy-related discharges, DVT and PE are
more common, but not significantly so, in women with SCD, OR 2.5
(95% CI 1.5-4.1), than in women without SCD, OR 1.7 (95% CI 0.9-3.1),
respectively [12]. Further, among delivery hospitalization, the preva-
lence of DVT and PE is more common in women with SCD, 2.0% and
1.1%, respectively, than among women without SCD, 0.3%, p b 0.001,
and 0.1%, p b 0.001, respectively (p b [13].
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Table 1
Pregnancy Complications and Medical Comorbidities in Women with Sickle Cell Disease.

ICD-9 codes SCD and VTE SCD and no VTE p value

Number of admissions - 7 (0.4%) 251 (12.8%)
Age - 26.9 ± 3.2 25.5 ± 6.0 0.561
Length of stay - 8.3 ± 8.5 5.1 ± 7.1 0.247
Inpatient mortality - 0 (0.0%) 0 (0.0%) -

Pregnancy Complications
Preeclampsia/gestational HTN 642.0-642.5, 642.7, 642.9 1 (14.3%) 49 (19.5%) 0.999
Eclampsia 642.6 0 (0.0%) 0 (0.0%) -
Gestational diabetes mellitus 648.8 1 (14.3%) 6 (2.4%) 0.177
Placental abruption 641.2 0 (0.0%) 1 (0.4%) 0.999
Preterm labor 644 1 (14.3%) 33 (13.1%) 0.999
Caesarean delivery 74 3 (42.9%) 74 (29.5%) 0.429
Intrauterine fetal death 656.4 0 (0.0%) 19 (7.6%) 0.999
Intrauterine fetal growth restriction 656.5 0 (0.0%) 6 (2.4%) 0.999
Postpartum infection 670, 672-677 1 (14.3%) 19 (7.6%) 0.436

Medical Complications
Obesity 278, 649.1 0 (0.0%) 4 (1.6%) 0.999
Smoking 305.1, 649.0, V1582 0 (0.0%) 19 (7.6%) 0.999
Hypertension 401-405 0 (0.0%) 5 (2.0%) 0.999
Hyperlipidemia 272.4 0 (0.0%) 0 (0.0%) -
Diabetes mellitus 250, 648.0, 648.8 2 (28.6%) 9 (3.6%) 0.031
Myocardial infarction 411-415 0 (0.0%) 1 (0.4%) 0.999
Stroke 431, 434, 436, 674.0 0 (0.0%) 0 (0.0%) -
Cardiomyopathy 425, 648.5 0 (0.0%) 0 (0.0%) -
Renal failure 586 0 (0.0%) 0 (0.0%) -
HIV infection 42 0 (0.0%) 0 (0.0%) -
Pneumonia 480-486 2 (28.6%) 11 (4.4%) 0.043
Sepsis 995.91-995.92 0 (0.0%) 1 (0.4%) 0.999
Anemia 280-281, 648.2 5 (71.4%) 243 (96.8%) 0.026
Vasooclusive crisis 282.62 4 (57.1%) 62 (24.7%) 0.073
Acute chest syndrome 517.3 1 (14.3%) 6 (2.4%) 0.177

HTN is hypertension.
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An increased risk of VTE in SCD and pregnancy is consistentwith the
potential causal role of thrombosis in SCD. Nearly every component of
hemostasis is altered in SCD, in the direction of a procoagulant pheno-
type [14], including enhanced platelet function, and procoagulant, anti-
coagulant, and fibrinolytic systems [14]. The pathogenesis of SCD
involves all three aspects of Virchow’s triad: increased coagulability, en-
dothelial dysfunction, and impaired blood flow, resulting in a
thrombogenic environment [15].

Based on these findings, we hypothesize that the risk of VTE is in-
creased in pregnant women with SCD, and that VTE contributes to the
complications of SCD, including pneumonia, vasooclusive crisis (VOC),
and ACS, which may be indistinguishable from VTE.

Therefore, we obtained inpatient hospital discharge data for the
most recent 5-year period available, 2007-2011, from the Pennsylva-
nia Health Care Cost Containment Council (PHC4) to estimate
the prevalence of pregnancy-related VTE in SCD and the prevalence
of other pregnancy complications, medical comorbidities, andmortal-
ity among hospitalized deliveries in African-American women with
SCD [16].

Methods

Inpatient hospital discharge data for hospitalized pregnancies in
African American women with SCD for the most recent 5-year period
available, 2007-2011, were obtained from the PHC4. The PHC4 is an in-
dependent agency that collects inpatient hospital discharge data and
ambulatory/outpatient procedure records each year from hospitals
and freestanding ambulatory surgery centers in Pennsylvania in order
to assess rapidly growing health care costs [16]. An independent broker
removed all patient identifying information from PHC4 abstracted data.
We estimated the prevalence of VTE among African-American women
with SCDwith a hospitalized delivery. The time frame for each delivery
included the entire antepartum and 3 months postpartum. ICD-9 codes
were used to define the following: pregnancy 630-639 (ectopic and
molar pregnancy and other pregnancy with abortive outcome), 640-
648 (complications mainly related to pregnancy), 650-659 (normal de-
livery, and other indications for care in pregnancy, labor, and delivery),
670-677 (complications of the puerperium), V27, V270-277, and V279
(outcome of delivery), and 72-74 (delivery); SCD 282.60-282.64 and
282.68-282.69; and VTE 415.11, 415.19, 451.1-451.2, 671.3-671.4, and
673.2. Individuals with more than one hospital admission for VTE
were counted only once.

To assess risk factors for VTE and differential outcomes, we com-
pared age, medical comorbidities, the prevalence of pregnancy compli-
cations, length of stay, and mortality among hospitalized deliveries in
African-American women with SCD with and without VTE beginning
with the onset of pregnancy until 3 months postpartum (length of
stay refers to the delivery hospitalization only). These variables were
also evaluated among hospitalized deliveries in African-American
women with SCD according to the presence or absence of pneumonia
(ICD-9 codes 480-486), VOC (ICD-9 code 282.62), and ACS (ICD-9
code 517.3), beginning with the onset of pregnancy until 3 months
postpartum. Pregnancy complications included any diagnosis of pre-
eclampsia/gestational hypertension, eclampsia, gestation diabetes
mellitus, placental abruption, preterm labor, caesarean delivery, intra-
uterine fetal growth restriction, intrauterine fetal death, and postpar-
tum infection. Medical comorbidities included any diagnosis of
obesity, smoking, hypertension, hyperlipidemia, diabetes mellitus,
myocardial infarction, stroke, cardiomyopathy, renal failure, HIV infec-
tion, pneumonia, sepsis, anemia, VOC, and ACS (Table 1). Additionally,
given the shared clinical characteristics of pneumonia, VOC, and ACS
with VTE, we estimated the prevalence of VTE among hospitalized de-
liveries in women with SCD with and without pneumonia, VOC, and/
or ACS.



Table 2
Pregnancy Complications in Women with Sickle Cell Disease and Pneumonia, Vasooclusive Syndrome, or Acute Chest Syndrome.

SCD and PNA SCD and no PNA p value SCD and VOC SCD and no VOC p value SCD and ACS SCD and no ACS p value

Number of admissions 20 (1.0%) 238 (12.1%) 102 (5.2%) 156 (8.0%) 14 (0.7%) 244 (12.4%)
Age 25.7 ± 6.0 25.6 ± 5.9 0.917 25.6 ± 5.6 25.5 ± 6.1 0.876 24.9 ± 5.3 25.6 ± 6.0 0.647
Length of stay 12.5 ± 15.0 4.6 ± 5.7 0.030 7.7 ± 9.4 3.6 ± 4.5 b .001 7.6 ± 6.4 5.1 ± 7.1 0.188
Inpatient mortality 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -

Pregnancy Complications
Preeclampsia/gestational HTN 6 (30.0%) 44 (18.5%) 0.238 29 (28.4%) 21 (13.5%) 0.003 2 (14.3%) 196 (19.7%) 0.999
Eclampsia 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Gestational diabetes mellitus 1 (5.0%) 0 (0.0%) 0.078 1 (1.0%) 0 (0.0%) 0.395 1 (7.1%) 0 (0.0%) 0.054
Placental abruption 2 (10.0%) 5 (2.1%) 0.095 5 (4.9%) 2 (1.3%) 0.117 1 (7.1%) 6 (2.5%) 0.327
Preterm labor 3 (15.0%) 31 (13.0%) 0.734 18 (17.7%) 16 (10.3%) 0.086 2 (14.3%) 32 (13.1%) 0.999
Caesarean delivery 9 (45.0%) 68 (28.6%) 0.123 31 (30.4%) 46 (29.5%) 0.877 6 (42.9%) 71 (29.1%) 0.367
Intrauterine fetal death 2 (10.0%) 4 (1.7%) 0.071 3 (2.9%) 3 (1.9%) 0.684 2 (14.3%) 4 (1.6%) 0.036
Intrauterine fetal growth restriction 3 (15.0%) 16 (6.7%) 0.173 8 (7.8%) 11 (7.1%) 0.812 3 (21.4%) 16 (6.6%) 0.074
Postpartum infection 4 (20.0%) 16 (6.7%) 0.057 9 (8.8%) 11 (7.1%) 0.603 4 (28.6%) 16 (6.6%) 0.016

Medical Complications
Obesity 0 (0.0%) 4 (1.7%) 0.999 0 (0.0%) 4 (2.6%) 0.155 0 (0.0%) 4 (1.6%) 0.999
Smoking 0 (0.0%) 19 (8.0%) 0.376 8 (7.8%) 11 (7.1%) 0.812 2 (14.3%) 17 (7.0%) 0.275
Hypertension 1 (5.0%) 4 (1.7%) 0.334 2 (2.0%) 3 (1.9%) 0.999 0 (0.0%) 5 (2.1%) 0.999
Hyperlipidemia 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Diabetes mellitus 2 (10.0%) 9 (3.8%) 0.206 6 (5.9%) 5 (3.2%) 0.352 1 (7.1%) 10 (4.1%) 0.465
Myocardial infarction 0 (0.0%) 1 (0.4%) 0.999 0 (0.0%) 1 (0.6%) 0.999 1 (7.1%) 0 (0.0%) 0.054
Stroke 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Cardiomyopathy 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Renal failure 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
HIV infection 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) -
Pneumonia - - - 16 (15.7%) 4 (2.6%) 0.001 7 (50.0%) 13 (5.3%) b .001
Sepsis 0 (0.0%) 1 (0.4%) 0.999 0 (0.0%) 1 (0.6%) 0.999 0 (0.0%) 1 (0.4%) 0.999
Anemia 16 (80.0%) 232 (97.5%) 0.004 97 (95.1%) 151 (96.8%) 0.523 13 (92.9%) 235 (96.3%) 0.433
Vasooclusive crisis 16 (80.0%) 86 (36.1%) 0.001 - - - 13 (92.9%) 89 (36.5%) b .001
Acute chest syndrome 7 (35.0%) 7 (2.9%) b .001 13 (12.8%) 1 (0.6%) b .001 - - -

PNA is pneumonia; VOC is vasooclusive syndrome; ACS is acute chest syndrome; HTN is hypertension.
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Statistical analysis

We compared categorical variables among hospitalized deliveries
in African-American women with SCD with and without VTE and ac-
cording to the presence or absence of pneumonia, VOC, and ACS
using Chi-square or Fisher’s exact test, and, similarly, compared
means for continuous variables such as age and length of stay, using
the two-sample Student’s t-test.
Fig. 1. Prevalence of venous thromboembolism in hospitalized African-American women
with sickle cell disease and venous thromboembolism according to the presence or ab-
sence of pneumonia (PNA), vasooclusive crises (VOC), or acute chest syndrome (ACS).
Results

The hospital discharges for VTE among hospitalized deliveries in
African-American females in the state of Pennsylvania are shown in
Table 1. Among hospitalized deliveries in African-American women
with SCD, the prevalence of VTE between 2007 and 2011 was 2.8%
(95% CI 1.0%-5.9%), which is 1.5 to 5 times greater than the 0.5 to
2.0% incidence of VTE in the general pregnancy population [6].
66.7%, 16.7%, and 16.7% of patients with VTE were identified as having
PE, DVT, and both, respectively. 28.6% and 71.4% of VTE episodes were
identified as having occurred in the antepartum and postpartum pe-
riods, respectively. When comparing VTE and non-VTE groups, age
and length of stay did not differ (Table 1). The frequencies of pneumo-
nia, 28.6% vs. 4.4%, p = 0.043, and diabetes mellitus, 28.4% vs. 13.5%,
p = 0.003, were higher among those with an admission indicating
VTE (Table 1). The prevalences of VOC, 57.1% vs. 24.7.1%, p = 0.073,
and ACS, 14.3% vs. 2.4%, p = 0.177, were also greater in the VTE
group, but did not reach statistical significance (Table 1). Anemia
was more common, 96.8% vs. 71.4% in the non-VTE group (Table 1).
The prevalences of pregnancy complications and other medical co-
morbidities were similar between VTE and non-VTE groups. We
also explored potential overlap among the occurrence of pneumonia,
VOC, and ACS. Frequencies of VOC, 80.0% vs. 36.1%, p = 0.001;
ACS, 35.0% vs. 2.9%, p b 0.001; and length of stay, 12.5 vs. 4.6 days,
p = 0.030, were significantly greater in those with pneumonia com-
pared to those without (Table 2). Among those with VOC, the preva-
lences of ACS, 12.8% vs. 0.6%, p b 0.001; length of stay, 7.7 vs.
3.6 days, p b 0.001; and preeclampsia, 28.4% vs. 13.5%, p = 0.003,
were significantly more common than in those without VOC
(Table 2). The subset with ACS had significantly higher frequencies
of intrauterine fetal death, 14.3% vs. 1.6%, p = 0.036; and postpartum
infection, 28.6% vs. 6.6%, p = 0.016, than in those without ACS
(Table 2). Overall, the prevalence of VTE among hospitalized
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deliveries in SCDwomenwith pneumonia, VOC, and/or ACS, 6.6%, was
significantly higher than among those without these conditions, 1.9%,
p = 0.006 (Fig. 1).

Conclusion

This analysis of hospital discharge data from the PHC4 database
demonstrates that the prevalence of VTE among hospitalized deliveries
in African-American women with SCD is 1.5 to 5 times greater than in
the general pregnancy population [6]. These findings are consistent
with the trends of VTE in the non-pregnant SCD population [8] and
raise important questions regardinghealthcaremanagement of this vul-
nerable population. These findings are also consistent with those of two
other studies of pregnancy-related discharges, including one by Villers
et al. which found a 6.7 fold increased risk of VTE in those with SCD
[12], and James et al. which reported a 2.5-fold increased risk of DVT
and a 1.7-fold increased risk of PE, respectively, in those with SCD [6].
In contrast to previous reports [1], however, we found no differences
in the frequencies of pregnancy and medical complications between
the VTE and non-VTE SCD groups.

Our data also demonstrate that among subsets of pregnant SCD
women, specifically among those with pneumonia, VOC, or ACS, the
prevalence of VTE was 3.5-fold greater than among those without
these SCD complications. Given the potential overlap in symptoms of
these SCD complications, our findings underscore the potential difficul-
ty in making a diagnosis of VTE in this population, and suggest our find-
ings may underestimate the true prevalence of VTE in pneumonia, VOC,
and ACS. Further, it is not possible in this analysis to attribute causality,
but these results suggest VTE may contribute to or arise as a result of
pneumonia, VOC, and/or ACS. Finally, the higher prevalence of VTE we
observed among pregnant women with SCD-related complications, i.e.
pneumonia, VOC, and ACS, and the potential clinical overlap with VTE,
suggest that VTE may be missed in such women, and that the presence
of VTE in pregnantwomenwith SCDmay bemore common than herein
reported or previously recognized.

Interestingly, anemiawas less frequent in the non-VTE group for un-
known reasons. It is certainly plausible that the decreased hemocritmay
reduce serum viscosity; thereby, reducing the risk of VTE similar to
what is observed in patients with SCD and genotype SC.

This study has several limitations. First, this was a discharge data-
base and the accuracy of VTE diagnosis depends on the accuracy of
ICD-based hospital discharge reporting, and thus, ascertainment bias
cannot be excluded. Secondly, the prevalence of VTE may likely be
underestimated as clinical overlap in symptoms may interfere with di-
agnosis, such as when VTE occurs in the setting of pneumonia, VOC, or
ACS. Thirdly, the source of our data is from hospitalized patients only,
whichmay exclude patients with DVT diagnosed and treated in an out-
patient setting with no hospital admission. We anticipate this number
to be small if practice patterns in other areas are similar to those in
our region. Fourthly, given the construction of the PHC4 database, we
are unable to identify other important factors, such as SCD genotype,
number of previous episodes of VTE, and timing of SCD complications
in relation to VTE. Finally, the absence of statistically significant differ-
ences in pregnancy andmedical complications in pregnant SCD patients
may be related to the limited number of SCD patients in the PHC4 data-
base available for analysis, limiting detection of true differences be-
tween the populations. Future studies to confirm our findings in this
population using larger national databases will be of interest.

Despite these limitations, the study does have somemajor strengths.
Using a statewide database,wewere able to show the prevalence of VTE
is increased among hospitalized deliveries in African-American women
with SCD, and also increased among those with pneumonia, VOC, and
ACS. Thus, these conditions may be potential markers of VTE occur-
rence. Prospective studies, however, are needed to determine the inci-
dence of VTE in pregnant women with SCD with and without
complicating pneumonia, VOC, and/or ACS. We conclude that
pregnancy-related VTE may be more common than previously recog-
nized in pregnant women with SCD and, if confirmed, such women
might be candidates for thromboprophylaxis.
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