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Abstract
Background: Venous thromboembolism (VTE) affects approximately 1–2 individuals 
per 1000 annually and is associated with an increased risk for pulmonary hyperten-
sion, postthrombotic syndrome, and recurrent VTE.
Objective: To determine risk factors, incidence, treatments, and outcomes of VTE 
through a 2-year surveillance program initiated in Durham County, North Carolina 
(population approximately 280,000 at time of study).
Patients/Methods: We performed a retrospective analysis of data actively collected 
from three hospitals in Durham County during the surveillance period.
Results: A total of 987 patients were diagnosed with VTE, for an annual rate of 1.76 
per 1000 individuals. Hospital-associated VTE occurred in 167 hospitalized patients 
(16.9%) and 271 outpatients who were hospitalized within 90 days of diagnosis 
(27.5%). Annual incidence was 1.98 per 1000 Black individuals compared to 1.25 per 
1000 White individuals (p < 0.0001), and Black individuals with VTE were younger 
than White individuals (p < 0.0001). Common risk factors included active cancer, pro-
longed immobility, and obesity, and approximately half were still taking anticoagulant 
therapy 1 year later. A total of 224 patients died by 1 year (28.5% of patients for whom 
outcomes could be confirmed), and Black patients were more likely to have recurrent 
VTE than White patients during the first 6 months following initial presentation (9.4% 
vs. 4.1%, p = 0.01).
Conclusions: Ongoing surveillance provides an effective strategy to identify patients 
with VTE and monitor treatment and outcomes. We demonstrated that hospital-
associated VTE continues to be a major contributor to the burden of VTE and con-
firmed the higher incidence of VTE in Black compared to White individuals.
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Essentials

•	 Venous thromboemboli (VTEs) are blood clots that form in the deep veins and can travel to the lungs.
•	 We monitored for all new cases of VTE diagnosed in a racially diverse population in North Carolina.
•	 More than 40% of patients with VTE were either hospitalized or recently discharged from the hospital.
•	 New VTEs occurred more frequently in Black individuals than White individuals.

1  |  INTRODUC TION

Venous thromboembolism (VTE), which includes deep vein 
thrombosis (DVT) and pulmonary embolism (PE), has an annual 
incidence reported between 1.04 and 2.47 individuals per 1000 
each year.1-9 The long-term clinical burden associated with VTE 
includes chronic thromboembolic pulmonary hypertension, af-
fecting approximately 3% of PE survivors,10,11 and postthrom-
botic syndrome, occurring in 30%–50% of patients with proximal 
DVT,12,13 with severe manifestations in 5%–10%.13,14 For patients 
with no VTE risk factors at the time of the event, indefinite anti-
coagulation is recommended because of the high risk for recur-
rence.15,16 Estimates of the economic burden associated with 
VTEs in the United States range from a conservative annual value 
of $7–$10 billion (2014 US dollars) for incident VTE,17 to as high 
as $32.1–$69.3 billion (2011 US dollars) for all events, including 
indirect societal costs.18

Despite the large disease burden and associated economic im-
pact of VTE, there is no systematic national surveillance program 
for VTE currently in the United States. The surgeon general of the 
United States issued a Call-to-Action to prevent DVT and PE in 2008, 
suggesting that a national surveillance program would be useful.19 A 
systematic surveillance of DVT and PE was also recommended by 
a National Workshop in 2008, sponsored by the American Society 
of Hematology and the Centers for Disease Control and Prevention 
(CDC).20

Several limitations exist with currently available population-
based incidence data for VTE. Older studies reported lower event 
rates than more recent studies.21-23 Whether older studies underre-
ported VTE, however, or more recent studies included events that 
were of uncertain clinical relevance, is unclear. Depending on the 
geographic location studied, certain racial and ethnic groups were 
underrepresented in some reports.2,4 Additional data to distinguish 
patients with provoked versus unprovoked VTE, as well as treatment 
strategies and outcomes, were not consistently collected across dif-
ferent studies, which would be useful when considering long-term 
burdens of VTE.

This study is a retrospective analysis of results from a population-
based VTE surveillance program conducted by active review of the 
electronic medical record (EMR) at three hospitals within a single 
county in central North Carolina. We highlight how a surveillance 
program can be used to monitor therapeutic interventions and clin-
ical outcomes, including reporting on different populations within 
the community.

2  |  PATIENTS,  MATERIAL S,  AND 
METHODS

2.1  |  Materials and methods

As part of a population-based surveillance strategy, we identified 
patients with VTE from Duke University Hospital (DUH), Duke 
Regional Hospital (DRH), and the Durham Veterans' Administration 
Medical Center (VAMC), the three health care institutions within 
Durham County, North Carolina.24 Patients were included if they 
lived within Durham County at the time of diagnosis with VTE, be-
tween April 1, 2012, and March 31, 2014. This report is a retrospec-
tive review of the data collected during the study.

2.1.1  |  Identification of the patient cohort

In 2012, the population of Durham County, North Carolina, in-
cluded ~280,000, with 52% White, 37% African American, 4% 
Asian, and 3% two or more races (https://www.census.gov/
en.html). Patients with VTE were identified by screening the EMRs 
at DUH, DRH, and the Durham VAMC for new diagnoses of DVT 
and PE, defined by International Classification of Diseases, Ninth 
Revision (ICD-9) and Current Procedural Terminology (CPT) codes, 
during the surveillance period. An automated search strategy 
using the Duke Enterprise Data Unified Content Explorer, a re-
search portal developed to provide access to clinical data stored 
in the data repository for the EMR, was used at DUH and DRH.24 
All cases identified by EMR screening were confirmed by review 
of imaging studies and clinical records by trained research staff 
and clinicians. Cases were also identified by review of all autopsy 
records at DUH. Patients living outside Durham County at time of 
diagnosis, or at time of death for autopsy cases, were not included. 
A detailed description of the surveillance strategy, including the 
relevant ICD-9 and CPT codes used to identify patients with VTE, 
has been previously reported.24

2.1.2  |  Definition of DVT and PE

Deep vein thrombosis included all thrombotic events involving the 
inferior vena cava (IVC); the deep veins of the pelvis and proximal 
and distal lower extremity; the superior vena cava (SVC); and the 
deep veins of the upper thorax, neck, and upper extremity. PE 

https://www.census.gov/en.html
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included all thromboembolic events involving the pulmonary artery 
and its branches. VTEs were classified as being definite (identified by 
diagnostic imaging data as an acute DVT and/or PE, or by autopsy re-
port), probable (identified by inconclusive imaging data but evidence 
for acute clinical management by thrombectomy, thrombolysis, and/
or IVC filter placement), or possible (clinical diagnosis of DVT and/or 
PE and treatment with anticoagulation). DVT and PE were character-
ized as symptomatic or not, based on EMR review. Prior DVT and/or 
PE were defined as occurring before the surveillance period.

2.1.3  |  Data collection

The following information was collected from the medical record for 
each patient with a new VTE during the surveillance period: (1) de-
mographic information; (2) comorbid medical conditions; (3) charac-
teristics of the VTE, including location of DVT/PE; provoked versus 
unprovoked; and symptomatic or incidental finding; (4) risk factors 
for VTE; (5) prior VTE; (6) treatment; and (7) outcomes.

Risk factors were separated into major (e.g., active cancer, 
hospitalization, and/or major surgery/procedure within 90 days, 
and prolonged immobility, defined as confinement to bed for 3 or 
more consecutive days) and minor (e.g., minor surgery, estrogen-
containing oral contraceptives, or hormone replacement ther-
apy).25 Active cancer was defined as having a positive pathology 
report for cancer and current evidence of disease (based on imag-
ing, biopsy, etc.).25,26 Major surgery was defined as a surgery or 
procedure that lasted 60 min or more, and minor surgery lasted 
less than 60 min. Other minor risk factors included obesity (body 
mass index [BMI] of 30 or higher), current tobacco use, extended 
travel (more than 4 h), pregnancy and the postpartum period, cen-
tral venous catheter, transvenous pacemaker, systemic corticoste-
roids, myocardial infarction within previous 3  months, ischemic 
stroke, nephrotic syndrome, superficial vein thrombosis/throm-
bophlebitis, nonfracture trauma o-r tissue injury, and an active 
autoimmune disorder.25,27-31 Patients with ≥1 major and/or minor 
risk factors were considered to have a provoked VTE, in contrast 
to patients with no risk factors, who were considered to have an 
unprovoked VTE.

Inpatient VTEs were defined as thrombotic events that were di-
agnosed 2 or more days after admission and while the patient was 
still in the hospital. Outpatient VTEs were defined as thrombotic 
events diagnosed either (i) within 2 days of hospital admission (i.e., 
clinically suspected on admission) or (ii) in the outpatient setting, in-
cluding in the emergency department and observation unit but not 
admitted to the hospital. Hospital-associated VTE included (i) all in-
patient VTE, and (ii) the subset of outpatient VTE associated with a 
prior hospitalization within 90 days of the VTE diagnosis.

Outcome data were collected by reviewing the EMR at prespec-
ified intervals after diagnosis. All events occurring within 7 days of 
diagnosis were defined as occurring at the time of diagnosis. Events 
occurring more than 7 days after diagnosis and by the 6-month time 
point were included in the outcomes at 6 months, and all events 

occurring after the 6-month time point and by the 12-month time 
point were included in the outcomes at 12 months. Data collected 
included whether anticoagulant therapy was still being administered 
and whether the patient had developed a recurrent VTE, defined 
as a new DVT/PE or clear demonstration of thrombosis extension 
on a subsequent imaging study; major bleeding complications as 
defined by the ISTH32; and/or all-cause death. Patients who were 
not seen by a prespecified time point, and when death could not be 
confirmed, were considered lost to follow-up and not included in the 
subsequent analyses.

All data were reviewed by research staff for accuracy, duplicate 
entries removed, and final data entered into a REDCap database be-
fore analysis.33

2.1.4  |  Data analysis

Summary statistics, means/standard deviations/medians/ranges for 
continuous variables, and counts/percentages for categorical vari-
ables were used to summarize data. Comparison between groups 
and continuous variables were conducted using either t test or 
the Kruskal-Wallis test, depending on whether the variables were 
normally or nonnormally distributed, respectively. Associations be-
tween any categorical variables were examined using chi-squared 
tests or Fisher's exact test. No adjustment was made for multiple 
testing. Statistical significance was examined at alpha = 0.05. The 
statistical significance of the difference in incidence rates between 
any two groups was assessed using Fisher's exact test as well as 
based on Z-score test. Statistical analyses were performed using SAS 
9.4 statistical software (SAS Institute Inc.).

2.1.5  |  Institutional Review Board Review

This population-based surveillance study, a public health activ-
ity performed according to guidance from the CDC and the U.S. 
Department of Health and Human Services,34 was deemed exempt 
from review by the Duke Institutional Review Board, and patient in-
formed consent was waived.

3  |  RESULTS

3.1  |  Patient cohort

A total of 987 patients were diagnosed with VTE affecting the 
pelvis, limbs, neck, upper thorax, SVC, and/or IVC while living in 
Durham County during the surveillance period (Table  1). Twelve 
patients were diagnosed with VTE at autopsy only; an additional 
five patients were diagnosed before death by imaging studies, 
with autopsy confirming the imaging findings. Thirty-two patients 
were diagnosed with VTE at the Durham VAMC, four of whom 
were separately identified through surveillance at DUHS. All other 
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patients were diagnosed at DUH or DRH. A total of 975 patients 
met criteria for definite VTE (98.8%), with a single probable event 
(0.1%) and 11 possible events (1.1%), primarily related to a diagno-
sis made at another location, with the report unavailable to pro-
viders at the Durham County facility.

Among individuals diagnosed with VTE, slightly more than half 
were women, and the mean age was 60.2 years (Table 1). About 10% 
were residents in a long-term care facility, and 18.5% had a history 
of VTE before the surveillance period (Table  1). Most individuals 
were Black or White, representing over 97% of all patients with 
VTE during the surveillance period. Only four individuals were Asian 
(0.4%), and most of the remaining individuals were identified as un-
known race or “other” (Table 1).

3.2  |  Comorbid conditions and VTE characteristics

Black patients were younger than White patients with VTE, and were 
more likely to have clinical diagnoses of hypertension, renal insuffi-
ciency, or obesity, whereas White patients were more likely to have an 
underlying respiratory disease (Table 2). Almost half the patients had 
PE (with or without DVT) at presentation, and most patients with PE 
were symptomatic at time of diagnosis. PE was an incidental finding in 
7.4% of patients. Most DVTs involved the lower extremities, although 
25% affected an upper extremity (Table 2).

3.3  |  Hospital-associated VTE

One-hundred sixty-seven inpatients were hospitalized at one of 
the three hospitals in Durham County for ≥2 days before being 

diagnosed with VTE (16.9% of all patients with VTE; Table 3). More 
than half were not receiving thromboprophylaxis, pharmacologic or 
mechanical, at the time of diagnosis. Aspirin was frequently admin-
istered, although we did not determine whether this was for VTE 
prophylaxis or an alternative clinical indication (Table 3).

An additional 271 patients (27.5% of all patients with VTE) who 
were diagnosed in the outpatient setting had been hospitalized 
within 90 days of VTE diagnosis (Table 4), resulting in 438 patients 
(44.4%) with new VTE in Durham County during the surveillance 
period being hospital-associated events. Most prior hospitalizations 
were for nonsurgical indications (Table 4).

3.4  |  Other risk factors for VTE

A variety of additional risk factors were present in individu-
als diagnosed with VTE in the outpatient setting (Table  4). 
Approximately half had at least one major risk factor (Table  4). 
Estrogen-containing oral contraceptives or hormonal replacement 
therapy were being used by 9.3% and 0.8% of women with VTE, 
respectively, and 2.8% of women were diagnosed while pregnant 
or during the postpartum period. Black patients were more likely 
to have a BMI ≥30 and current tobacco use, whereas White pa-
tients were more likely to have recently been on a trip with a travel 
time of more than 4 h (Table 4).

3.5  |  Prior VTE

One or more prior DVTs/PEs had occurred in 183 patients (18.5%) 
diagnosed with a new VTE during the surveillance period (Table 5). 
Most patients had a single prior event. Approximately half of the 
patients with prior VTE had one or more events that occurred in the 
same vascular distribution as the event diagnosed during the surveil-
lance period (Table 5). For those patients in whom a date for the prior 
event could be identified (n = 99), the most recent event occurred a 
mean of 4.8 years (range, 1.8 months to 52 years) before the VTE di-
agnosed during the surveillance period. At the time of diagnosis with 
VTE, 9.5% of patients were being treated with an anticoagulant, but 
less than half were being treated for prior VTE (Table 5).

3.6  |  Annual incidence of VTE

Given the estimated population in Durham County at the start of 
the surveillance period, the annual rate for VTE was 1.76 per 1000 
individuals (including patients with initial and recurrent events). 
Removing patients with prior VTE, the annual incidence of VTE dur-
ing the surveillance period was 1.44 per 1000 individuals living in 
Durham County. A total of 411 Black, 369 White, and 4 Asian indi-
viduals were diagnosed with a first event during the 2-year surveil-
lance period, for an annual incidence of 1.98 per 1000 Black, 1.27 
per 1000 White, and 0.18 per 1000 Asian individuals. The increased 

TA B L E  1 Baseline characteristics of all patients with VTE in 
Durham County, North Carolina, 2012–2014

Characteristic
N (Total 
n = 987)

Age, years, mean (range) 60.2 (<1 to 
101 )

Sex, female, n (%) 512 (51.9)

Race, n (%)

Black 508 (51.5)

White 452 (45.8)

Asian 4 (0.4)

Native Hawaiian or Pacific Islander 3 (0.3)

American Indian or Alaska Native 1 (0.1)

Unknown/Other 19 (1.9)

BMI (n = 857), mean (SD) 29.7 (9.5)

Resident at a long-term health care facility, n (%) 95 (9.6)

Diagnosis at autopsy, n (%) 17 (1.7)

Diagnosis at autopsy only 12 (1.2)

History of prior venous thromboembolism, n (%) 183 (18.5)

Abbreviations: BMI, body mass index; VTE, venous thromboembolism.
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incidence of VTE in Black individuals compared to White individuals 
was observed across all adult age groups (Figure 1).

3.7  |  Treatment

Most patients were treated with an anticoagulant, with warfarin 
being used most commonly, slightly more frequently in Black indi-
viduals than White individuals (56.3% vs. 49.6%, p = 0.04; Table 5). 
Rivaroxaban was the most commonly used direct oral anticoag-
ulant, reflecting approval by the Food and Drug Administration 
during the surveillance period. Slightly more than a quarter of the 
patients were treated with enoxaparin only at the time of initial 

data collection (Table 5). Few patients received thrombolytic ther-
apy or thrombectomy, but an IVC filter was implanted in 7% of 
patients (Table 5).

3.8  |  Outcomes

Within 7 days of diagnosis, hemorrhagic complications occurred in 
22 patients (2.2%) and recurrent thromboembolic events in 25 pa-
tients (2.5%; Table 6). In addition to the 12 patients found to have 
VTE at autopsy, 31 patients died within 7 days of VTE diagnosis 
(Table  6). At the 6-month time point, follow-up information was 
available for 817 patients (82.8% of the total population with VTE; 

Condition
Total 
(n = 987)

Black 
(n = 508)

White 
(n = 452) p

Age, years, mean (range) 60.2 (<1–101) 58.3 (1–99) 63.2 (<1–101) <0.0001*

Female sex, n (%) 512 (51.9) 273 (53.7) 224 (49.6) 0.20

Comorbid conditions, n (%)

Diabetes mellitus 249 (25.2) 141 (27.8) 102 (22.6) 0.08

Heart disease 175 (17.7) 80 (15.7) 91 (20.1) 0.06

Congestive heart failure 102 (10.3) 51 (10.0) 49 (10.8) 0.69

Hemoglobinopathy 11 (1.1) 9 (1.8) 1 (0.2) 0.02

Hypertension 582 (59.0) 330 (65.0) 243 (53.9) 0.0004

Renal insufficiency 116 (11.8) 82 (16.1) 32 (7.1) <0.0001

Obesity 243 (24.6) 146 (28.7) 93 (20.6) 0.004

Peripheral arterial 
disease

32 (3.2) 17 (3.3) 15 (3.3) 0.98

Respiratory/pulmonary 
disease

240 (24.3) 109 (21.5) 126 (27.9) 0.02

Venous varicosities 8 (0.8) 2 (0.4) 5 (1.1) 0.20

Venous thromboembolic event, n (%)

PE (with or without DVT) 461 (46.7) 246 (48.4%) 203 (44.9%) 0.28

Symptomatic 427 (92.6) 229 (93.1%) 189 (93.1%) 0.99

DVT (with or without PE) 638 (64.6) 318 (62.6%) 301 (66.6%) 0.20

Symptomatic 585 (91.7) 289 (90.9%) 279 (92.7%) 0.41

Locationa

Right upper 
extremity

100 (10.1) 51 (10.0) 45 (10.0) 0.97

Left upper 
extremity

62 (6.3) 28 (5.5) 30 (6.6) 0.47

Right lower 
extremity

220 (22.3) 110 (21.7) 104 (23.0) 0.61

Left lower extremity 260 (26.3) 125 (24.6) 132 (29.2) 0.11

Otherb 41 (4.2) 22 (4.3) 16 (3.5) 0.52

Note: Diagnoses are clinical diagnoses applied to the patient. *All p values, comparing results for 
Black and White patients, were calculated by chi-square test for homogeneity except for those 
marked by (*), which were determined by the Kruskal–Wallis test.
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.
aIndividual patients may have had more than one location of DVT on presentation.
bOther thrombotic events included: internal jugular (24); inferior vena cava/pelvic (12); superior 
vena cava/right atrium (3).

TA B L E  2 Clinical characteristics of 
patients with VTE
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Table  6). The proportions of men compared to women, and Black 
patients compared to White patients, without a 6-month encounter 
were similar (Table S1). Almost two-thirds were still taking antico-
agulant therapy at the time of the first 6-month follow-up (Table 6). 
Black patients were more likely to have recurrent VTE than White 
patients during this period (9.4% vs. 4.1%, p = 0.01; Table 6), a dif-
ference driven by a higher risk of recurrent VTE among Black male 
patients than White male patients (25/191 Black males compared to 
13/205 White males). There were otherwise no differences in the 
sexes between the two groups. An additional 147 patients died dur-
ing the first 6 months after the initial period (Table 6).

At the 12-month time point, follow-up information was available 
for 596 patients (60.4% of the total population with VTE; Table 6). The 
proportions of men compared to women, and Black patients com-
pared to White patients, without a 12-month encounter were similar 
(Table S1). At the 12-month follow-up, 302 patients (50.8%) were still 
taking an anticoagulant. There were no differences in the proportions 
of Black and White patients who were diagnosed with major bleeding 
events, recurrent VTE, and/or who died during the second 6-month 
interval (Table 6). In total, 224 patients died within 1 year of the VTE 
event (28.5% of patients for whom death or follow-up through the 12-
month surveillance period could be confirmed).

4  |  DISCUSSION

A key objective of this study was to determine whether our VTE 
surveillance program could provide incidence and overall rate data 

for VTE in Durham County, North Carolina, as well as a means to 
identify comorbid conditions, potential risk factors, and document 
therapeutic management and outcomes. We identified several areas 
where adaptations to the program could provide additional informa-
tion to monitor results associated with management changes. This 
report summarizes data collected during this 2-year surveillance 
period.

The annual incidence of VTE in Durham County was 1.44 per 
1000 individuals, similar to previously reported rates, which have 
ranged from 1.04 to 2.47 per 1000.1,2,5,7-9,21 Hospitalization, par-
ticularly in association with major surgery, is one of the strongest 
risk factors for VTE.26 Almost 17% of the patients in our sur-
veillance cohort were hospitalized at the time of diagnosis, and 
one-third of individuals diagnosed in the outpatient setting had 
been hospitalized within 90 days of diagnosis. Multiple studies 
have documented the value of thromboprophylaxis during hos-
pitalization, yet many patients still do not receive recommended 
preventive therapy.35,36 Of the patients who were diagnosed with 
VTE while hospitalized, half were not receiving thromboprophy-
laxis at the time of diagnosis (Table 3). The increased risk for VTE 
associated with hospitalization has been shown to persist for 
up to several months after discharge,37,38 and certain high-risk 
patients may benefit from an extended course of thrombopro-
phylaxis following discharge from the hospital.39,40 These results 
confirm that our surveillance program captured a population of 
VTE patients similar to prior reported cohorts, and that hospital-
associated VTE continues to represent a substantial number of 
VTE patients.

Characteristic
Total 
(n = 167)

Black 
(n = 80)

White 
(n = 75) p

Venous thromboembolic event, n (%)

DVT only 117 (70.1) 54 (67.5) 54 (72.0) 0.54

PE with or without DVT 50 (29.9) 26 (32.5) 21 (28.0)

Days from admission, mean (SD) 11.3 (10.9) 10.8 (9.8) 12.1 (12.5) 0.77†

Antithrombotic strategy at time of event, 
n (%)a

76 (45.5) 37 (46.3) 34 (45.3) 0.91

Intermittent compression device 4 (5.3) 4 (10.8) 0

Graduated compression stockings 3 (3.9) 1 (2.7) 2 (5.9)

Enoxaparin 10 (13.2) 2 (5.4) 6 (17.6)

Unfractionated heparin 13 (17.1) 5 (13.5) 6 (17.6)

Fondaparinux 1 (1.3) 1 (2.7) 0

Warfarin 7 (9.2) 2 (5.4) 5 (14.7)

Aspirin 50 (65.8) 27 (73.0) 22 (64.7)

Other 3 (3.9) 2 (5.4) 1 (2.9)

Note: Defined as hospitalized for 2 days or longer, and still in the hospital, at the time of the 
diagnosis by imaging data. All p values, comparing results for Black and White patients, were 
calculated by Chi square test for homogeneity except for those marked by (†), which were 
determined by the Kruskal Wallis test.
Abbreviations: DVT, deep venous thrombosis; PE, pulmonary embolism; SD, standard deviation; 
VTE, venous thromboembolism.
aPatients could be on one or more of the treatment options listed below at the time of diagnosis 
with VTE.

TA B L E  3 Patients hospitalized for 
≥2 days at the time of diagnosis with a 
new VTE
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Racial differences in the incidence of VTE have been noted in 
several studies,9,41-43 although one study observed that the rate 
in Black individuals varied in different regions within the United 
States.42 During the surveillance period, we found that Black indi-
viduals in Durham County had a higher rate of VTE compared to 
White individuals (1.98 per 1000 vs. 1.27 per 1000). There were no 
differences related to the proportions of Black and White individ-
uals with hospital-associated VTE, however, or whether thrombo-
prophylaxis was used or not. We found that Black individuals with 
VTE were younger, and were more likely to have clinical diagnoses of 
hypertension and kidney disease as well as a higher BMI than White 
individuals with VTE. We had previously observed increased rates 
of hypertension, renal disease, and obesity in Black patients with 
VTE compared to White patients in a cross-sectional study con-
ducted through the CDC Thrombosis and Hemostasis Research and 
Prevention Network.44 This increased frequency of VTE risk factors, 
including hypertension and a higher BMI, has been identified as con-
tributing to the increased frequency of VTE in Black individuals.45

Several studies have reported a lower rate of VTE in Asian indi-
viduals, with event rates in Asians living in the United States ranging 
from 0.29 to 0.63 per 1000.9,41 A recent systematic review reported 
that the incidence of VTE in Asian populations was approximately 
15%–20% of the level reported in Western countries.46 The ob-
served rate in Asian individuals was 14% of what was observed in 
White individuals in Durham County, consistent with this finding. 

We also observed an increase in the risk for VTE with aging, as noted 
in prior studies,1,2,4,5,9,46 which occurred similarly for Black and 
White individuals. There were too few individuals from other races 
identified during the surveillance period to include in this analysis.

We also documented that a surveillance program could be en-
hanced by monitoring therapeutic management and clinical out-
comes in patients with VTE. Anticoagulant therapy is the preferred 
treatment for patients with VTE,47,48 and over 90% of patients in 
our cohort were treated this way. Unfractionated heparin or a low-
molecular-weight heparin bridged to warfarin was the primary 
therapeutic approach for most patients. Several of the direct oral 
anticoagulants were approved for treatment of VTE during the sur-
veillance period, and we observed an increased use of these agents 
over time. IVC filters were implanted in 7% of patients, most com-
monly in those not receiving anticoagulant therapy or with bleeding 
complications, consistent with guideline recommendations.47 More 
aggressive interventions were infrequently used.

A primary variable that is critical for decision making concerning 
the duration of anticoagulant therapy is whether the VTE is con-
sidered provoked, particularly by a transient risk factor, or unpro-
voked.25,47 In our cohort, about half had one (or more) transient 
major risk factors, including recent hospitalization, as noted above. 
However, a significant proportion of the patients had chronic major 
risk factors, including cancer and/or permanent or prolonged immo-
bility, for which continued anticoagulation is typically recommended 

TA B L E  4 Major and minor risk factors for VTE in patients diagnosed with VTE in the outpatient setting

Characteristic Total (n = 820) Black (n = 428) White (n = 377) p

Major risk factors, n (%)

Active cancer 151/744 (20.3) 86/398 (21.9) 62/332 (18.7) 0.33

Major surgery 130/743 (17.5) 64/397 (16.1) 64/332 (19.3) 0.22

Hospitalization within 90 days 271/741 (36.6) 148/396 (37.4) 117/331 (35.3) 0.57

Nonsurgical hospitalization 186/271 (68.6) 105/148 (70.9) 76/117 (20.2) 0.14

Prolonged or permanent immobility 179/743 (24.1) 90/397 (22.7) 85/332 (25.6) 0.36

No major risk factors, n (%) 401 (48.9) 201 (47) 193 (51.2) 0.23

Minor risk factors, n (%)

Minor surgery 3/743 (4.7) 19/397 (4.8) 13/332 (3.9) 0.22

Hormonal contraceptive therapya 36/389 (9.3) 18/214 (8.4) 16/168 (9.5) 0.70

Hormonal replacement therapya 3/388 (0.8) 1/213 (0.5) 2/168 (1.2) 0.43

Pregnancy or postpartuma 12/424 (2.8) 7/228 (3.1) 5/188 (2.7) 0.80

BMI ≥30 343/744 (46.1) 214/398 (53.8) 124/332 (37.3) <0.0001

Current tobacco use 142/744 (19.1) 97/398 (24.4) 45/332 (13.6) 0.0002

Extended travel (>4 h) 54/738 (7.3) 14/394 (3.6) 39/330 (11.8) <0.0001

CVC within affected limb 40/744 (5.4) 26/398 (6.5) 13/332 (3.9) 0.12

Transvenous pacemaker 15/739 (2.0) 7/395 (1.8) 8/330 (2.4) 0.54

Autoimmune disorder 74/744 (9.9) 46/398 (11.6) 26/332 (7.8) 0.09

No major or minor risk factors 76/820 (9.3) 30/398 (7.5) 45/322 (14.0) <0.0001

Note: Patients included in this table were either (i) outpatients at the time of diagnosis, or (ii) diagnosed with VTE within 48 h of hospitalization. All p 
values, comparing results for Black and White patients, calculated by chi-square test for homogeneity.
Abbreviations: BMI, body mass index; CVC, central venous catheter; VTE, venous thromboembolism.
aRelevant to women only; for postpartum VTE, defined as within 12 weeks of delivery.
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(Table 4). Many patients had one or more minor transient risk factors, 
primarily nonsurgical, which are associated with a higher risk for re-
current VTE than surgical transient risk factors.49 Incorporating a 
strategy that targets key time points for decisions concerning dura-
tion of therapy in addition to identifying risk factors for recurrence 
would facilitate decision making concerning duration of anticoagu-
lant therapy for individual patients. Similarly, this approach could in-
tegrate follow-up to optimize the rate of retrieval of IVC filters, given 
the continued problem of not retrieving filters originally placed for a 
temporary indication.50

Recurrent thromboembolism, major bleeding, and death are 
common complications following the diagnosis of VTE.1,4,8,9,51 
Several studies have described differences in the frequency of 
adverse outcomes in Black and White patients with VTE.52 One 
study reported that Black individuals with PE were more likely to 
present with a more clinically severe event,53 and a second study 

noted that Black individuals were more likely to be hospitalized 
than White individuals with PE.54 Although we did not collect 
information about hospitalization following a new diagnosis of 
PE, we did not observe a difference in the use of thrombolytic 
therapy or embolectomy in Black compared to White patients. 
Mortality has been reported to be higher in Black patients fol-
lowing VTE than in White patients in some studies,55,56 but not 
others.9,57 We did not observe a difference between Black and 
White patients with VTE in mortality or major bleeding over the 
12 months following diagnosis. We did observe an increase in re-
current VTE in Black patients compared to White patients during 
the first 6-month block following initial diagnosis, but this differ-
ence was not significant at the other time points or for all recur-
rent VTEs during the entire 12-months of follow-up. Black female 
patients have been reported to have an increased risk for recur-
rent VTE compared to White female patients, a difference not 

TA B L E  5 Prior VTE and treatment in patients presenting with a new VTE during the surveillance period

Characteristic Total (n = 987) Black (n = 508) White (n = 452) p

Prior VTE

History of prior PE/DVT, n (%) 183 (18.5) 97 (19.1) 83 (18.5) 0.77

Number of prior PE/DVT episodes

N = 1 143 (14.5) 71 (14.0) 70 (15.5) 0.30

N = 2 28 (2.8) 17 (3.3) 11 (2.4)

N = 3 5 (0.5) 4 (0.8) 0 (0.0)

N = 4 5 (0.5) 4 (0.8) 1 (0.2)

N = 5 2 (0.2) 1 (0.2) 1 (0.2)

Prior event in same location as current VTE,a 
n (%)

92 (50.3) 48 (49.5) 43 (51.8) 0.48

Antithrombotic therapy on presentation with current VTE, n (%)

Anticoagulant therapy (any drug) 94 (9.5) 48 (9.4) 44 (9.7) 0.88

For prior VTE 42 (4.3) 24 (4.7) 17 (3.8) 0.46

Antiplatelet therapy (any drug) 239 (24.2) 126 (24.8) 110 (24.3) 0.87

Initial treatment for current event, n (%)

Anticoagulant therapy 894 (90.6) 468 (92.1) 404 (89.4) 0.14

Warfarinb 525 (53.2) 286 (56.3) 224 (49.6) 0.04

Rivaroxabanc 63 (6.4) 26 (5.1) 36 (8.0) 0.07

Enoxaparin onlyd 262 (26.5) 133 (26.2) 123 (27.2) 0.72

Othere 20 (2.0) 7 (1.4) 12 (2.7) 0.15

Thrombolytic therapy, n (%) 20 (2.0) 10 (2.0) 9 (2.0) 0.57

IVC filter placement, n (%) 69 (7.0) 41 (8.1) 26 (5.8) 0.30

Thrombectomy/embolectomy, n (%) 7 (0.7) 4 (0.8) 3 (0.7) 0.82

Note: All p values compare characteristics in Black compared to White patients, and were determined by chi- squared test for homogeneity.
Abbreviations: DVT, deep vein thrombosis; IVC, inferior vena cava; PE, pulmonary embolism; VTE, venous thromboembolism.
aSame distribution defined as being in the same limb for patients with a new DVT, or a prior PE in patients with a new PE, and could be any prior 
event.
bPatient typically started on enoxaparin or unfractionated heparin, then transitioned to warfarin.
cPatient may have initially received enoxaparin or unfractionated heparin; five of these patients also received warfarin, either before or after 
rivaroxaban.
dPatients may have also received unfractionated heparin but did not receive warfarin or rivaroxaban during the initial encounter.
eIncludes argatroban (n = 3), apixaban (n = 4), bivalirudin (n = 3), dabigatran (n = 3), dalteparin (n = 1), and fondaparinux (n = 6).
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observed for male patients.58,59 We observed more recurrent VTE 
in Black male patients compared to White male patients during 
the first 6-month block following initial diagnosis, but otherwise 

no differences in recurrent VTE in Black and White patients by 
sex. Additional studies are needed to clarify differences in clinical 
outcomes in Black and White patients with VTE.

F I G U R E  1 Incidence of VTE by age 
group among Black individuals and White 
individuals in Durham County, North 
Carolina, 2012–2014. Incidence for Black 
patients is shown with the solid line, and 
for White patients with the dashed line. 
The values for incidence of new VTE per 
1000 individuals per year for each age 
range are shown at the bottom of the 
figure

TA B L E  6 Outcome events occurring around the time of diagnosis with VTE and at 6 and 12 months after diagnosis

Characteristic Total (n = 987) Black (n = 508) White (n = 452) p

Outcomes within 7 days of diagnosis, n (%)

Major bleeding 22 (2.2) 11 (2.2) 8 (1.8) 0.66

Heparin-induced thrombocytopenia 6 (0.6) 4 (0.8) 2 (0.4) 0.50

Recurrent VTE 25 (2.5) 13 (2.6) 12 (2.7) 0.93

Death 43 (4.4) 28 (5.5) 15 (3.3) 0.10

6-month outcomes, n (%)

Individuals known alive at the beginning of the 
first 6-month block of time

944 (95.6) 480 (94.5) 437 (96.7)

Follow-up encounter by 6 months 817 (82.8) 407 (80.1) 388 (85.8) 0.14

Patients taking anticoagulant therapy 544/817 (66.6) 268/407 (65.8) 264/388 (68.0) 0.51

Major bleeding 34/817 (3.6) 18/407 (4.4) 15/388 (3.9) 0.69

Recurrent VTE 54/806 (6.7) 38/405 (9.4) 16/384 (4.2) 0.01

Deaths since initial encounter 147/817 (18.0) 80/407 (19.7) 62/388 (16.0) 0.30

12-month outcomes, n (%)

Individuals known alive at the beginning of the 
second 6-month block

670 (67.9) 327 (64.4) 326 (72.1)

Follow-up encounter by 12 months 596 (60.4) 307 (60.4) 274 (60.6) 0.24

Patients taking anticoagulant therapy 302/595 (50.8) 159/307 (51.8) 140/273 (51.3) 0.90

Major bleeding 12/596 (1.8) 5/307 (1.6) 7/274 (2.6) 0.43

Recurrent VTE 24/596 (3.6) 12/307 (3.9) 12/274 (4.4) 0.78

Deaths since 6-month encounter 34/596 (5.7) 15/307 (3.6) 19/274 (5.8) 0.37

Note: All p values determined by chi-squared testing. For calculation of the percentages, the denominator is the number of patients at baseline in 
each column unless provided with the entry.
Abbreviation: VTE, venous thromboembolism.
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Strengths of our study include that we were able to combine a 
VTE surveillance strategy with efforts to monitor comorbid condi-
tions, chronic and transient risk factors, prevention efforts, treat-
ment, and outcomes. An EMR-driven strategy that provides ongoing 
identification of new patients with VTE becomes a key component of 
this effort. Expanding to a nationwide surveillance program would re-
quire coordination between programs to ensure that new patients are 
uniquely identified, a problem that we observed in patients identified 
at both DUH and the Durham VAMC. Recent reports of the increased 
risk for VTE in hospitalized patients with COVID-1960,61 could be rap-
idly documented with a VTE surveillance program in place.

There were several limitations to our surveillance program that 
need to be addressed. In particular, while our surveillance program 
was designed around an electronic strategy, it still required consid-
erable manual review and data collection to confirm all VTEs.24 Our 
electronic search strategy used ICD-9 and CPT codes, and concerns 
about the validity of using these codes to identify patients with VTE 
have been raised.62,63 Some behavioral risk factors may be underre-
ported in medical records, such as extended travel (>4 h). In addi-
tion, information about comorbid medical conditions was collected 
from diagnoses made in the medical record, which has the potential 
to introduce misclassification errors in the data set. Future strategies 
that incorporate natural language processing and machine learning 
may decrease the need for manual oversight,64-66 allowing data 
extraction to be more efficient and more accurate. Another limita-
tion is that a subset of individuals who live within Durham County 
will get their health care at a facility in another county, and would 
therefore not be captured in our surveillance program. Similarly, pa-
tients who lived within Durham County at the time of diagnosis but 
subsequently moved out of the county or transitioned their health 
care to a facility outside of Durham County would have been lost to 
follow-up. A broader strategy with cross-reference of patients with 
VTE across different health care systems would be required to ad-
dress this limitation.

In conclusion, we have shown that implementation of a 
population-based strategy VTE surveillance strategy can provide 
detailed data that can be integrated with strategies designed to im-
prove patient outcomes.
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