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ABSTRACT

ACKGROUND: There are sparse data on the frequency of venous thromboembolism in patients with
arious types of cancer. We sought to determine the incidence and relative risk of venous thromboem-
olism, pulmonary embolism, and deep venous thrombosis in patients with malignancies.
UBJECTS AND METHODS: The number of patients discharged with a diagnostic code for 19 types of
alignancies, pulmonary embolism or deep venous thrombosis from 1979 through 1999 was obtained from the
ational Hospital Discharge Survey. Patients studied were men and women of all ages and races.
ESULTS: In patients with any of the 19 malignancies studied, 827 000 of 40 787 000 (2.0%) had
enous thromboembolism, which was twice the incidence in patients without these malignancies,
854 000 of 662 309 000 (1.0 %). The highest incidence of venous thromboembolism was in patients
ith carcinoma of the pancreas, 51 000 of 1 176 000 (4.3%), and the lowest incidences were in patients
ith carcinoma of the bladder and carcinoma of the lip, oral cavity or pharynx. The overall incidences of
ulmonary embolism and deep venous thrombosis were also twice the rates in noncancer patients.
ncidences with cancer were not age dependent. The incidence of venous thromboembolism in patients
ith cancer began to increase in the late 1980s.
ONCLUSION: Patients with cancer had twice the incidence of venous thromboembolism, pulmonary
mbolism and deep venous thrombosis as patients without cancer. The incidence of venous thromboembolism,
ulmonary embolism and deep venous thrombosis associated with cancer differed according to the type of
ancer, was comparable in elderly and younger patients, and increased in the late 1980s and 1990s. © 2006
lsevier Inc. All rights reserved.
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enous thromboembolism is one of the most common com-
lications in patients with cancer.1,2 The association of
enous thrombosis with gastric carcinoma was described in
865.3 A 4- to 7-fold increased risk of venous thromboem-
olism was found among patients with malignant neo-
lasm.4,5 The risk of venous thromboembolism was partic-
larly high in the first few months after the diagnosis of
alignancy.5 Among patients insured through the Medicare

Requests for reprints should be addressed to Paul D. Stein, MD, Saint
oseph Mercy Oakland, 44405 Woodward Avenue, Pontiac, MI 48341-
023.
h: steinp@trinity-health.org.

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.06.058
rogram (patients age 65 years or older) 7238 of 1 211 944
0.6%) patients admitted with malignancy also had venous
hromboembolism.6 A higher rate was reported by others.7

mong 1041 patients hospitalized with solid tumors, 81
lso had venous thromboembolism (7.8%) and 11 had pul-
onary embolism (1.1%).7 The risk of venous thromboem-

olism varies according to the type of cancer.5-8 Carcinoma
f the pancreas has been associated with the greatest risk of
enous thromboembolism.9 High rates of venous thrombo-
mbolism have been reported among patients with solid
eoplasms originating at several sites including the lung,
vary, brain, pancreas, stomach, kidney, colon.5-7 Some

ave shown a particularly high risk in patients with hema-
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61Stein et al Venous Thrombembolism and Cancer
ological cancers.5,6 However, cancers originating at some
ites, including head and neck and bladder, did not have

high incidence of associated venous thromboembo-
ism.5,6 A review of cancer patients who underwent sur-
ery showed that they had twice the risk of postoperative
eep venous thrombosis as non-
ancer patients who underwent
imilar procedures.10

Several mechanisms may be
nvolved in the pathogenesis of
hromboembolic events in pa-
ients with cancer.11 These in-
lude 1) tumor cell procoagu-
ants and/or cytokines, 2) tumor-
ssociated inflammatory cell
rocoagulants and/or cytokines,
nd 3) mediators of platelet ad-
esion or aggregation generated
y tumor cells and/or tumor-as-
ociated inflammatory cells.11

tasis and endothelial damage
ay also be involved in the

athogenesis of thromboembolic
vents in patients with cancer.11

he extent of cancer influences
he risk of venous thromboembo-
ism.12 Chemotherapy and radia-
ion increase the risk of venous
hromboembolism.10,12 Risk fac-
ors may interact.10 The risk of venous thromboembolism
ncreases with age13 and age is also associated with
alignancy. Among cancer patients undergoing surgery,

dvanced age, debility, prolonged and difficult surgery,
nd a lengthy and complicated postoperative course add
o the risk of deep venous thrombosis.14

There are few data that allow one to predict which cancer
ype will develop venous thromboembolism.15 In view of
he sparse data on the frequency of venous thromboembo-
ism in patients with cancer6 and the differing results in
eports of small numbers of patients by others,5,7 we under-
ook this investigation of the incidence of venous thrombo-
mbolism in patients with cancer, using data obtained from
he National Hospital Discharge Survey.

ETHODS

ata Sources
he number of patients discharged from hospitals with a
iagnostic code of various malignancies, pulmonary embo-
ism or deep venous thrombosis from 1979 through 1999
as obtained from the National Hospital Discharge Sur-
ey.16 The National Hospital Discharge Survey is based on
ata abstracted from a national probability sample of dis-
harges from short-stay nonfederal hospitals.16 The Na-
ional Hospital Discharge Survey from 1979 through 1999
onsists of data obtained annually from 181 000 to 307 000
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cancer has incre
ampled patient abstracts from 400 to 494 nonfederal hos- n
itals.16 The National Hospital Discharge Survey samples
bout 8% of short stay nonfederal hospitals and about 1% of
ischarges. Estimates of the number of patients with pul-
onary embolism and/or deep venous thrombosis with ma-

ignancies in the United States were derived from the num-
ber of sampled patients using a
multistage estimation procedure
that produces essentially unbiased
national estimates. Diagnoses
from the National Hospital Dis-
charge Survey were based on the
International Classification of
Diseases, 9th Revision, Clinical
Modification (ICD-9-CM).17

Identification of
Pulmonary Embolism
The ICD-9-CM codes used for iden-
tification of patients with pulmo-
nary embolism were 415.1, 634.6,
635.6, 636.6, 637.6, 638.6, 673.2.

Identification of Deep
Venous Thrombosis
The codes used for deep venous
thrombosis were 451.1, 451.2,
451.8, 451.9, 453.2, 453.8, 453.9,
671.3, 671.4, 671.9. Five-digit

odes, such as 451.11 (included under the code 451.1), were
ot listed, because they were included under the corresponding
-digit codes.

dentification of Venous Thromboembolic
isease
atients with either pulmonary embolism or deep ve-
ous thrombosis were identified as having venous
hromboembolism.

dentification of Cancer
he ICD-9-CM codes used for identification of patients with
alignant neoplasms at the following sites were: lip, oral

avity and pharynx 140.0, 140.1, 140.3-140.6, 140.8, 140.9,
41.0-141.6, 141.8, 141.9, 144.0, 144.1, 144.8, 144.9,
45.0-145.6, 145.8, 145.9, 146.0-146.9, 147.0-147.3, 147.8,
47.9, 148.0-148.3, 148.8, 148.9, 149.0, 149.1, 149.8 and
49.9; esophagus 150.0-150.5, 150.8 and 150.9; stomach
51.0-151.6, 151.8 and 151.9; colon 153.0-153.9; rectum,
ectosigmoid junction and anus 154.0-154.3 and 154.8;
iver, gallbladder, intra- and extrahepatic bile ducts 155.0-
55.2, 156.0-156.2, 156.8 and 156.9; pancreas 157.0-157.4,
57.8 and 157.9; trachea, bronchus and lung 162.0, 162.2-
62.5, 162.8, 162.9; female breast 174.0-174.9; uterus 179,
82.0, 182.1 and 182.8; cervix 180.0, 180.1, 180.8 and
80.9; ovary 183.0; prostate 185; bladder 188.0-188.9; kid-
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ymphosarcoma and reticulosarcoma) 200.0-200.2, 200.8,
01.0-201.7, 201.9, 202.0-202.6, 202.8, 202.9; leukemia
04.0-204.2, 204.8, 204.9, 205.0-205.3, 205.8, 205.9,
06.0-206.2, 206.8, 206.9, 207.0-207.2, 207.8, 208.0-208.2,
08.8, 208.9; and “other” lymphatic and hematopoietic tis-
ues (includes myeloproliferative disease) 238.7.

ex and Racial Comparisons
omparisons of incidences of pulmonary embolism, deep
enous thrombosis, and venous thromboembolism among
atients with cancer were made among blacks and whites,
nd among men and women.

tatistical Analysis and Methodological
onsiderations
he incidences of pulmonary embolism, deep venous

hrombosis, and venous thromboembolism were calculated
s the number of patients discharged from the hospital with
diagnostic code for pulmonary embolism, deep venous

hrombosis, or venous thromboembolism (deep venous
hrombosis and/or pulmonary embolism) divided by the
umber of patients discharged from the hospital with a
iagnostic code for one of the malignancies studied. Inci-
ences were compared with hospitalized patients who did
ot have any of the cancers studied. Average rates of diag-
osis over the 21-year period of study were calculated by
ividing the sum of patients hospitalized with a diagnosis of

Table 1 Venous thromboembolism, pulmonary embolism and

Cancers

Number o

VTE

Pancreas 51 000
Brain 27 000
Myeloproliferative, other lymphatic/hematopoeitic 15 000
Stomach 24 000
Lymphoma, lymphosarcoma, reticulosarcoma 79 000
Uterus 26 000
Trachea, bronchus and lung 170 000
Esophagus 12 000
Prostate 95 000
Rectum, rectosigmoid junction, anus 30 000
Kidney 19 000
Colon 69 000
Ovary 31 000
Liver, gallbladder, intra- & extrahepatic ducts 13 000
Leukemia 45 000
Breast (female) 82 000
Cervix 14 000
Bladder 21 000
Lip, oral cavity, pharynx �5000
Average 827 000
No cancer 6 854 000

VTE � venous thromboembolism; PE � pulmonary embolism; DVT �
*Insufficient data.
eep venous thrombosis, pulmonary embolism, or either by e
he sum of the number of patients with various types of
ancer (or the sum of the number of patients who did not
ave any of these cancers). Linear regression analyses were
alculated using InStat version 3.0 software (GraphPad
oftware, San Diego, Calif). Pearson’s correlation coeffi-
ients were used to assess the extent of dispersion of points
round regression lines. Relative risks were calculated using
Calculator for confidence intervals of relative risk”; an
nline program written by D.J.R. Hutchon (www.hutchon.
reeserve.co.uk/ConfidRR.htm). Ninety-five percent confi-

igure 1 From 1989 through 1999 there was a prominent in-
rease in the incidence of venous thromboembolism (VTE) in
atients discharged with cancer (slope � 0.24 venous thrombo-
mbolism/100 patients/year, r � 0.996, P �.0001). The incidence
f venous thromboembolism in patients without cancer also in-
reased but the slope was lower (slope � 0.01 venous thrombo-

enous thrombosis in patients with cancer (all ages)

nts
All
discharges

Diagnoses/100
hospitalizations

DVT VTE PE DVT

14 000 41 000 1 176 000 4.3 1.2 3.5
8000 22 000 772 000 3.5 1.0 2.8
* 13 000 521 000 2.9 * 2.5
7000 20 000 887 000 2.7 0.7 2.3

20 000 63 000 3 182 000 2.5 0.6 2.0
6000 21 000 1 180 000 2.2 0.5 1.8

56 000 129 000 8 120 000 2.1 0.6 1.6
* 8000 603 000 2.0 * 1.3

30 000 72 000 4 643 000 2.0 0.6 1.6
11 000 21 000 1 457 000 2.1 0.7 1.4

5000 15 000 939 000 2.0 0.5 1.6
24 000 49 000 3 614 000 1.9 0.6 1.4

8000 27 000 1 669 000 1.9 0.5 1.6
6000 8000 703 000 1.8 0.9 1.1

10 000 38 000 2 655 000 1.7 0.4 1.4
22 000 64 000 4 932 000 1.7 0.4 1.3
* 12 000 875 000 1.6 * 1.4
5000 17 000 2 011 000 1.0 0.3 0.8
* * 849 000 �0.6 * *

245 000 643 000 40 787 000 2.0 0.6 1.6
212 000 5 124 000 662 309 000 1.0 0.3 0.8

enous thrombosis.
deep v

f patie

PE

2

deep v
mbolism/100 patients/year, r � 0.999, P �.0001).

http://www.hutchon.freeserve.co.uk/ConfidRR.htm
http://www.hutchon.freeserve.co.uk/ConfidRR.htm
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63Stein et al Venous Thrombembolism and Cancer
ence intervals (CIs) were calculated using the normal ap-
roximation to the binomial distribution.

ESULTS
mong patients hospitalized from 1979 through 1999, with

ny of the 19 categories of malignancies evaluated, 827 000
f 40 787 000 (2.0%) had venous thromboembolism, which
as twice the incidence of venous thromboembolism in
ospitalized patients who did not have any of these malig-
ancies, 6 854 000 of 662 309 000 (1.0 %). The highest
ncidence of venous thromboembolism was in patients with
arcinoma of the pancreas, 51 000 of 1 176 000 (4.3%)
Table 1). The lowest incidence of venous thromboembo-
ism that we could calculate was in patients with carcinoma
f the bladder, 21 000 of 2 011 000 (1.0%) (Table 1). The
ncidence of venous thromboembolism in patients with car-
inoma of the lip, oral cavity or pharynx was lower, less
han 5000 of 849 000 (�0.6%), but data were insufficient to
alculate the incidence. The 95% confidence intervals were
ll within 0.1% of mean values.

Pulmonary embolism among patients hospitalized with
arcinoma of the pancreas occurred in 14 000 of 1 176 000

igure 2 From 1989 through 1999 the incidence of pulmonary
mbolism (PE) in patients discharged with cancer increased
slope � 0.063 PE/100 patients/year, r � 0.997, P �.0001). The
ncidence of PE in patients without cancer increased a smaller
mount (slope � 0.003 PE/100 patients/year, r � 0.999, P
.0001).

igure 3 From 1989 through 1999 there was a prominent in-
rease in the incidence of deep venous thrombosis (DVT) in
atients discharged with cancer (slope � 0.21 DVT/100 patients/
ear, r � 0.995, P �0.0001). The incidence of DVT in patients
ithout cancer also increased but the slope was lower
slope � 0.02 DVT/100 patients/year, r � 0.999, P �0.0001). f
1.2%) and in patients with carcinoma of the bladder in
000 of 2 011 000 (0.3%) (Table 1). Patients hospitalized
ith malignancies, on average, had twice the incidence of
ulmonary embolism as in those who did not have malig-
ancies (0.6% vs 0.3%) (Table 1). The 95% CIs were all
ithin 0.05% of mean values.
The incidences of deep venous thrombosis associated

ith patients hospitalized with various neoplasms are
hown in Table 1. As in patients with venous thromboem-
olism and pulmonary embolism, patients hospitalized with
ancer had twice the incidence of deep venous thrombosis
s those who did not have cancer (1.6% vs 0.8%) (Table 1).

The incidence of venous thromboembolism in hospital-
zed patients with malignant neoplasms began to sharply
ncrease in 1989 (Figure 1). The incidence of venous throm-
oembolism in hospitalized patients who did not have can-
er also showed an increasing incidence beginning in 1989,
ut the rate of increase was not as great. The incidence of
ulmonary embolism among patients with cancer increased
n the 1990s (Figure 2), but the rate of increase was not as
reat as with deep venous thrombosis (Figure 3) or venous
hromboembolism (Figure 1).

The relative risk of venous thromboembolism, pulmo-
ary embolism and deep venous thrombosis among hospi-

igure 4 Relative risk of venous thromboembolism (VTE)
anged from 1.02 to 4.34.

igure 5 Relative risk of pulmonary embolism (PE) ranged

rom 0.77 to 3.66.
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alized patients with various malignancies, compared with
atients who did not have any of these malignancies, is
hown in Figures 4-6. The highest relative risk of venous
hromboembolism, 4.3, was among hospitalized patients
ith carcinoma of the pancreas. The lowest relative risk,
.0, was among patients with carcinoma of the bladder. The
elative risks of pulmonary embolism and deep venous
hrombosis paralleled the relative risks of venous thrombo-
mbolism (Figures 5, 6).

Among patients age 40-59 years who were hospitalized
ith cancer, average incidences of venous thromboembo-

ism, pulmonary embolism and deep venous thrombosis
ere 46% to 80% higher than in patients who did not have

hese types of cancer (Table 2). Among patients age 60-79

igure 6 The relative risk of deep venous thrombosis (DVT)
anged from 1.07 to 4.65.

Table 2 Venous thromboembolism, pulmonary embolism and

Cancers

Number o

VTE

Pancreas 10 00
Brain 11 00
Myeloproliferative, other lymphatic/hematopoeitic *
Stomach 500
Lymphoma, lymphosarcoma, reticulosarcoma 18 00
Uterus 600
Trachea, bronchus and lung 52 00
Esophagus *
Prostate 500
Rectum, rectosigmoid junction, anus 500
Kidney *
Colon 11 00
Ovary 900
Liver, gallbladder, intra- & extrahepatic ducts *
Leukemia 800
Breast (female) 26 00
Cervix 500
Bladder *
Lip, oral cavity, pharynx *
Average 170 00
No cancer 1 693 00

VTE � venous thromboembolism; PE � pulmonary embolism; DVT �

*Insufficient data.
ears who were hospitalized with cancer, average inci-
ences of venous thromboembolism, pulmonary embolism
nd deep venous thrombosis were only 18% to 42% higher
han in patients who did not have these cancers (Table 3).
he relative risks of venous thromboembolism (1.21), pul-
onary embolism (1.19) and deep venous thrombosis (1.30)

mong patients age 40-59 years were higher than the rela-
ive risks of venous thromboembolism (1.08), pulmonary
mbolism (1.09) and deep venous thrombosis (1.17) in
atients age 60-79 years.

On average, the incidence of venous thromboembolism,
ulmonary embolism and deep venous thrombosis in pa-
ients with cancer was similar in men and women, but
ifferences were shown with various malignancies (Table
). The incidences of venous thromboembolism, pulmonary
mbolism, and deep venous thrombosis according to race,
n average, were similar in blacks and whites (Table 5).
ifferences were observed with various malignancies. Data
ere insufficient for the assessment of incidences in Asians-
acific Islanders or American Indians and Alaskan Natives.

ISCUSSION
mong patients hospitalized with cancer in short-stay hos-
itals in the United States, we report venous thromboem-
olism in 2.0% and pulmonary embolism in 0.6%. The
ncidence of venous thromboembolism, pulmonary embo-
ism, and deep venous thrombosis in patients hospitalized
ith various malignancies was double the rate observed in

enous thrombosis in patients with cancer (ages 40-59 years)

nts
All
discharges

Diagnoses/100
hospitalizations

E DVT VTE PE DVT

* 10 000 217 000 4.6 * 4.6
* 9000 206 000 5.3 * 4.4
* * 49 000 * * *
* 5000 171 000 2.9 * 2.9
5000 16 000 738 000 2.4 0.6 2.2
* 5000 318 000 1.9 * 1.6

13 000 43 000 2 057 000 2.5 0.6 2.1
* * 157 000 * * *
* * 332 000 1.5 * *
* * 291 000 1.7 * *
* * 232 000 * * *
* 8000 612 000 1.8 * 1.3
* 8000 572 000 1.6 * 1.4
* * 149 000 * * *
5000 7000 358 000 2.2 1.4 2.0
6000 21 000 1 734 000 1.5 0.3 1.2
* 5000 347 000 1.4 * 1.4
* * 247 000 * * *
* * 293 000 * * *

49 000 156 000 8 729 000 1.9 0.6 1.8
04 000 1 295 000 131 893 000 1.3 0.4 1.0
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65Stein et al Venous Thrombembolism and Cancer
ospitalized patients who did not have any of these malig-
ancies. The rate of venous thromboembolism varied with
arious malignancies from 4.3% in patients with carcinoma
f the pancreas to 1.0% in patients with carcinoma of the
ladder and lower in patients with carcinoma of the lip, oral
avity or pharynx. These rates were the same order of

Table 3 Venous thromboembolism, pulmonary embolism and

Cancers

Number o

VTE

Pancreas 37 000
Brain 12 000
Myeloproliferative, other lymphatic/hematopoeitic 9000
Stomach 13 000
Lymphoma, lymphosarcoma, reticulosarcoma 43 000
Uterus 16 000
Trachea, bronchus and lung 105 000
Esophagus 7000
Prostate 66 000
Rectum, rectosigmoid junction, anus 19 000
Kidney 12 000
Colon 44 000
Ovary 17 000
Liver, gallbladder, intra- & extrahepatic ducts 6000
Leukemia 25 000
Breast (female) 42 000
Cervix 5000
Bladder 14 000
Lip, oral cavity, pharynx *
Average 443 000
No cancer 3 018 000

VTE � venous thromboembolism; PE � pulmonary embolism; DVT �
*Insufficient data.

Table 4 Venous thromboembolism, pulmonary embolism and

Incide

Cancers Male

Pancreas 4.4
Brain 3.9
Myeloproliferative, other lymphatic/hematopoeitic 2.8
Stomach 3.0
Lymphoma, lymphosarcoma, reticulosarcoma 2.4
Trachea, bronchus and lung 2.1
Esophagus 2.2
Rectum, rectosigmoid junction, anus 1.9
Renal 1.9
Colon 1.7
Liver/gallbladder/extrahepatic duct *
Leukemia 1.3
Bladder 1.1
Lip, oral cavity, pharynx *
Average 2.0
No cancer 1.1

VTE � venous thromboembolism; PE � pulmonary embolism; DVT �

*Insufficient data.
agnitude as reported by Levitan and associates.6 In pa-
ients with carcinoma of the pancreas, the relative risk of
enous thromboembolism was 4.3 times that of noncancer
atients. The rates of venous thromboembolism, pulmonary
mbolism and deep venous thrombosis showed an increase
tarting in the late 1980s. We speculate that the increased

enous thrombosis in patients with cancer (ages 60-79)

nts
All
discharges

Diagnoses/100
hospitalizations

E DVT VTE PE DVT

12 000 28 000 724 000 5.1 1.7 3.9
* 9000 245 000 4.9 * 3.7
* 8000 263 000 3.4 * 3.0
* 11 000 494 000 2.6 * 2.2

12 000 33 000 1 432 000 3.0 0.8 2.3
5000 13 000 697 000 2.3 0.7 1.9

38 000 76 000 5 159 000 2.0 0.7 1.5
* * 359 000 1.9 * *

21 000 51 000 2 992 000 2.2 0.7 1.7
7000 13 000 846 000 2.2 0.8 1.5
* 9000 507 000 2.4 * 1.8

16 000 32 000 2 087 000 2.1 0.8 1.5
* 15 000 842 000 2.0 * 1.8
* 4000 383 000 1.6 * 1.0
5000 21 000 1 060 000 2.4 0.5 2.0

13 000 32 000 2 300 000 1.8 0.6 1.4
* 4000 263 000 1.9 * 1.5
* 11 000 1 217 000 1.2 * 0.9
* * 425 000 * * *

155 000 376 000 22 033 704 2.0 0.7 1.7
038 000 2 151 000 174 352 000 1.7 0.6 1.2

enous thrombosis.

enous thrombosis according to sex in patients with cancer

) VTE Incidence (%) PE Incidence (%) DVT

Female Male Female Male Female

4.3 1.2 1.3 3.5 3.5
3.0 * * 3.4 2.2
3.1 * * 2.3 2.6
2.1 * * 2.4 1.8
2.6 0.8 0.5 1.8 2.2
2.1 0.7 0.7 1.5 1.7
* * * 1.6 *

2.2 0.7 0.7 1.4 1.5
2.2 * * 1.5 1.7
2.0 0.7 0.7 1.2 1.5
2.6 * 1.4 * 1.5
2.2 * 0.5 1.0 1.9
1.1 * * 0.8 *
* * * * *

2.1 0.6 0.6 1.5 1.6
1.0 0.4 0.3 0.8 0.8

enous thrombosis.
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ates of diagnosis reflect improvements of diagnostic tests
nd greater awareness of the association of venous throm-
oembolism with cancer.

The incidence of deep venous thrombosis and pulmonary
mbolism increases exponentially with age.13 However, the
elative risks of venous thromboembolism, pulmonary em-
olism and deep venous thrombosis among patients age
0-59 years were higher than in older patients. This re-
ected a disproportionately higher incidence of venous

hromboembolism, pulmonary embolism and deep venous
hrombosis in the older noncancer patients. Older age did
ot greatly increase the incidence of venous thromboembo-
ism, pulmonary embolism or deep venous thrombosis in
ancer patients.

On average, men and women with cancer showed similar
ncidences of venous thromboembolism, pulmonary embo-
ism and deep venous thrombosis. Among the general pop-
lation, age-adjusted rates of deep venous thrombosis were
igher in women, but age-adjusted rates of pulmonary em-
olism were comparable in men and women.18 Unadjusted
ates of diagnosis of deep venous thrombosis and of pul-
onary embolism were higher in women.18

Blacks and whites with cancer, on average, had similar
ncidences of venous thromboembolism, pulmonary embo-
ism and deep venous thrombosis. In the general population,
ge-adjusted rates of diagnosis of deep venous thrombosis

Table 5 Venous thromboembolism, pulmonary embolism and

Cancers

VTE

Incid

White

Pancreas 4.4
Brain 3.8
Myeloproliferative, other lymphatic/hematopoeitic 3.0
Stomach 2.9
Lymphoma, lymphosarcoma, reticulosarcoma 2.5
Uterus 2.2
Trachea, bronchus and lung 2.1
Esophagus 2.2
Prostate 2.2
Rectum, rectosigmoid junction, anus 1.9
Kidney 1.9
Colon 1.8
Ovary 1.9
Liver, gallbladder, intra- & extrahepatic ducts 1.8
Leukemia 1.8
Breast (female) 1.7
Cervix 1.8
Bladder 1.0
Lip, oral cavity, pharynx *
Average 2.1
No cancer 1.1

VTE � venous thromboembolism; PE � pulmonary embolism; DVT �
*Insufficient data.
nd pulmonary embolism were higher in blacks than in c
hites, but unadjusted rates were similar among blacks and
hites.19

The cancers that we evaluated were shown by others to
ave a higher incidence of venous thromboembolism than in
atients without cancer.5-7 The extent of malignancy, inva-
ion, metastasis, chemotherapy, radiotherapy and surgery,
hich may increase the incidence of associated venous

hromboembolism, was not available on discharge codes.
The data we obtained from the National Hospital Dis-

harge Survey include a sample of hundreds of thousands of
atients from several hundred nonfederal short-stay hospi-
als throughout the United States. Regarding concern that
ome instances of pulmonary embolism and deep venous
hrombosis were not coded, review and reabstraction of a
ample of Medicare hospitalizations from late 1984 and
arly 1985 showed that for pulmonary embolism, 92% of
oded cases were in the abstract.20 We previously showed
hat rates of pulmonary embolism obtained from the Na-
ional Hospital Discharge Survey, 0.4% in hospitalized
hites and black adults,21 was close to the incidence of
ulmonary embolism in a university hospital (0.4%), ter-
iary care center (0.5%), and community/teaching hospital
0.3%).22-24 The latter incidences were obtained from ret-
ospective review of multiple data sources including radio-
raphic reports and autopsies.22-24 Regarding the robustness
f discharge codes for the diagnosis of deep venous throm-
osis, White and associates validated 183 of 198 (92%)

enous thrombosis according to race in patients with cancer

PE DVT

) Incidence (%) Incidence (%)

Black White Black White Black

4.2 1.2 1.7 3.5 2.9
5.1 1.0 3.2 3.2 2.0
3.7 0.7 0.4 2.6 3.3
2.6 0.9 0.6 2.4 2.1
2.3 0.6 0.5 2.1 2.1

* * * 1.9 *
1.8 0.7 0.7 1.6 1.3

* * * 1.5 *
1.6 0.6 0.6 1.7 1.3
3.3 0.7 1.2 1.3 2.1
1.7 0.5 0.5 1.5 1.3
2.3 0.6 0.7 1.3 1.7
2.0 0.5 0.5 1.6 1.6

* * * 1.2 *
1.8 0.4 0.6 1.6 1.2
1.7 0.4 0.4 1.3 1.2

* * * 1.6 *
* * * 0.8 *
* * * * *

2.0 0.6 0.7 1.6 1.5
0.9 0.4 0.3 0.8 0.7

enous thrombosis.
deep v

ence (%

deep v
oded cases of idiopathic deep venous thrombosis.25 The
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ncidence of deep venous thrombosis in hospitalized adults,
.1% of blacks and whites based on the National Hospital
ischarge Survey,21 was also close to values reported in a

etrospective review of all medical records and diagnostic
ests in patients with a discharge code for deep venous
hrombosis in a community/teaching hospital (0.8%).26 Ir-
espective of whether sensitivities of the diagnostic codes
ere low, the directional trends and the relative positions of

he curves are likely to be correct.
The National Hospital Discharge Survey does not permit

dentification of individual patients. We could not deter-
ine, therefore, if patients were hospitalized more than

nce in a given year. Frequent hospitalizations for cancer in
atients who did not have venous thromboembolism would
ower the apparent incidence of venous thromboembolism
ith cancer. Frequent hospitalizations of patients for cancer

ccompanied by venous thromboembolism would increase
he apparent incidence of venous thromboembolism. How-
ver, we assume that the rate of multiple admissions for
enous thromboembolism was similar in patients with and
ithout cancer, so the ratio of the incidences of venous

hromboembolism would not be affected.
In 1996 and 1997,27-29 it was shown that patients with

eep venous thrombosis could be treated at home with
ow-molecular-weight heparin. Patients were allowed to go
ome as soon as appropriate29 or allowed to be discharged
arly or go home immediately if outpatients,28 or the deci-
ion was left to the attending physician.27 In general, there-
ore, the patients were hospitalized for at least one day.
utpatients with deep venous thrombosis would not have
een identified in this survey, and some were treated at
ome with low-molecular-weight heparin.28 The increasing
ate of deep venous thrombosis among patients with and
ithout cancer suggests that home treatment of deep venous

hrombosis did not greatly affect the results. Most of our
ata precede the acceptance of home treatment of deep
enous thrombosis.

In the early 1980s, the Health Care Financing Admin-
stration introduced Diagnosis-Related Groups as a
echanism for reimbursing hospitals providing care to
edicare recipients. Reimbursement was directly linked

o the extent of coding for individual patients.30 The
ensitivity of coding may have increased when this
ethod of reimbursement was introduced.31 The trends

hat we report do not appear to have been affected by
aws related to reimbursement because trends in the rate
f venous thromboembolism and pulmonary embolism
ere relatively flat in noncancer patients until about
989.

There were no confounding changes to the coding
cheme for pulmonary embolism, deep venous thrombosis
uring the 21-year interval studied.

In conclusion, patients with malignancies have twice the
ncidence of venous thromboembolism, pulmonary embo-
ism and deep venous thrombosis as patients without these

alignancies. The incidence of venous thromboembolism,
ulmonary embolism and deep venous thrombosis associ-
ted with these cancers differs according to the type of
ancer, was comparable in elderly and younger patients, and
ncreased in the late 1980s and 1990s.
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