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This review of the epidemiology of venous thromboembolism
includes estimates of incidence and prevalence of venous
thrombosis and its sequelae, a discussion of geographical,
annual and seasonal variations and data concerning possible
risk factors. Selection of patients at increased risk for develop-
ment of deep venous thrombosis or pulmonary embolism for
specific diagnostic screening or for prophylactic therapy with
low-dose heparin may be a more effective approach to lower-
ing morbidity and mortalitv from this disease.

T HE DISCIPLINE OF EPIDEMIOLOGY deals with the
incidence and prevalence of a disease, its impact

upon the health of a nation or society in general,
and those conditions which influence the frequency of
appearance of the disease in a given location or popu-
lation. By defining factors which appear to affect the
risk of development of a disease, one may develop leads
to possible etiology or pathogenesis and, in some cases,
design a more rational or cost-effective program for
prevention.
An increasing interest in the development of safer

measures for the prevention of venous thrombo-
embolic complications has made a knowledge of the
epidemiology of thromboembolism of practical impor-
tance to the physician in the selection of those patients
in whom he wishes to institute specific prophylactic
procedures.

Incidence and Prevalence of Venous Thromboembolism
and its Sequelae

Unfortunately, the difficulties in clinical diagnosis of
both deep venous thrombosis and pulmonary embolism
limit the accuracy of previous and current estimates.
In addition, since fatal pulmonary embolism in hos-
pitalized patients usually occurs as a sequel to the
primary disease for which the patient was admitted,
vital statistics derived from coded death certificates
present a gross underestimate of true frequency. Ross-
man, in a sample of death certificates from New York
City, has shown that less than one in six deaths primar-
ily ascribed'to pulmonary embolism was appropriately
coded (International Classification of Diseases: ICD
Category 450).145 Also, there is the contrary problem
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that not all sudden deaths which are attributed to
pulmonary embolism, but lack confirmation by au-
topsy, represent the correct diagnosis.
For these reasons, perhaps the most accurate, al-

though still very imperfect, values for the frequency
of fatal pulmonary embolism are derived from extrap-
olations based upon autopsy data. Several estimates,
in which pulmonary embolism was judged to be either
the sole cause of death or a major contributory cause,
are in the range of 140,000-200,000 deaths per year in
the United States.31'84 Even these figures may under-
estimate true frequency since Morrell and Dunnill124
have shown that meticulous section of the lung in one
centimeter segments will markedly increase the fre-
quency of detection of recent and organizing pul-
monary emboli and their presumed sequelae (fibrous
webs, intimal fibrosis). Smith et al.157 have demon-
strated that utilization of a technique for demonstra-
tion of pulmonary embolism at autopsy by barium
angiography may more than double the frequency
usually reported with conventional methods; on the
basis of their studies, they have called pulmonary
embolism "the most common lethal pulmonary disease
in adults seen at necropsy in the general hospital
population" and "the third most common cause of
death in this hospital."
Not all pulmonary emboli found at autopsy are

"clinically significant" with respect to contributing to
mortality. The judgment as to clinical significance is
somewhat subjective, being based on the nature of the
terminal episode, size and number of emboli, severity
of associated disease, etc. Nevertheless, in our studies
of 10 year autopsy samples 20 years apart, the numnber
of significant emboli remained in the range of 7 to 9%
of all subjects.28'32 However, because of the nature of
the primary disease, only about one-half of those
individuals with major embolism would have had an ex-
tended life expectaticy had pulmonary embolism not
occurred. Other investigators, using similar criteria,
have also concluded that in approximately one-half of
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patients with pulmonary embolism at necropsy, the
emboli are the immediate cause of death and that in
this sub-group, about one-half of these would have been
expected to have survived for a considerable period
had the embolism not resulted in death.'24 All of the
above issues must be considered in attempting to assess
the true impact of pulmonary embolism upon mortality.
An accurate estimate of the frequency of non-fatal

pulmonary embolism is even more difficult to obtain be-
cause autopsy data are an inappropriate source and the
clinical recognition of pulmonary embolism is notori-
ously inadequate.28'32'54 Since, in our experience, less
than 10Wo of all autopsy-proven pulmonary emboli are
diagnosed prior to death, an assessment of incidence is
purely speculative. Since there is some clinicopatho-
logic support for the premise that for every episode of
fatal pulmonary embolism, there are two or more epi-
sodes of non-fatal embolism, this would place the
estimate for non-fatal pulmonary embolism in the
United States at approximately 300,000 per year or
more. Hume et al.84 have published an estimate of this
order of magnitude.

Similar difficulties exist with respect to the clinical
diagnosis of deep venous thrombosis. The only avail-
able incidence data are related to clinically recognized
cases. Hume et al.,84 extrapolating from ICD-coded
diagnoses for a segment of the hospitalized popula-
tion in 1966, estimated about 182,000 cases per year;
recognizing the frequent failure to code this diagnosis
and lack of inclusion of cases from nursing homes, etc.,
this probably represents another gross underestimate
of even clinically diagnosed episodes. Coon et al.,31
in a longitudinal study of the incidence of deep venous
thrombosis in a community, extrapolated their data on
the basis of 1970 census figures to the U.S. population
as a whole and presented an estimate of 250,000 clini-
cally recognized cases annually.

Data from the same community health study were
utilized to estimate the prevalence of post-phlebitic
sequelae in the U.S. population. The approximate fre-
quency of stasis changes in the skin of the legs was in
the range of 6-7,000,000 persons while 400,000 to
500,000 have or have had leg ulcers. Although a large
extrapolation was made from data on 6389 persons to the
entire U.S. population, these figures may be somewhat
more accurate since one is dealing with a normal popu-
lation sample (rather than solely hospitalized patients),
and stasis changes and'leg ulcers are'readily recog-
nized by physical examination. These figures for the
prevalence of post-phlebitic changes in the skin of the
legs would represent an age-adjusted frequency in the
U.S. adult population of about 5%, about twice the
estimate obtained by Gjores in a study of 1453 Swedish
adults 20 years ago.62 The calculated frequency of leg

ulcers alone of approximately five per 1000 U.S.
adults is similar to the estimate made by Boyd et al.
from English data.14

Geographic and Racial Variability

The meager information on geographic differences
has been summarized recently.'7'84"48 Accurate data
might provide important leads as to a possible etiology.
However, many reports are clinical and anecdotal.
Three studies comparing frequency of thromboem-
bolism at autopsy in patients age 40 and greater appear
to provide the most reliable information. One of these
investigations reports the prevalence of venous
thromboembolism to be 2% in Uganda, compared to
24% in Caucasians and 22% in Negroes in St. Louis
(tending to rule out an ethnic factor).'65 However,
most Ugandans died from diseases thought to be asso-
ciated with a low frequency of thromboembolism;
heart disease was very rare, and only 11% of deaths
were due to cancer. The second study compared the
prevalence of pulmonary embolism in Boston (23.8%)
and Kyushu, Japan (0.8%); more importantly, when
frequencies were contrasted in patients with heart
disease, cancer or operation, the marked differences
persisted.64 A collaborative study under the auspices
of the World Health Organization has reported a
necropsy frequency of pulmonary embolism of 14% in
Prague, 6% in Malmo and 2% in Yalta.'00 These three
studies, and particularly the latter, provide information
which might indicate that something other than ethnic
background and known risk factors is responsible for
the differing prevalence. The possible pathogenic fac-
tors which have been most frequently offered as an
explanation for these differences include altered
fibrinolytic activity,"7 dietary elements'7 and varia-
tions in 'degree of physical activity, even during
serious illness.
When racial differences in postoperative venous

thrombosis detectable by labelled fibrinogen are con-
sidered, results are confiicting. Several studies in-
volving Asian38 and Sudanese73 patients have reported
an apparently lower frequency of thrombosis; on the
other hand the best controlled trial, carried out in a
South African hospital with appropriate matching for
age, sex, weight and type of operation, showed no
difference in prevalence of thrombosis between
European, Bantu, "coloured" and Indian patients.93

Annual and Seasonal Variations in Frequency

The available data from which assumptions can be
made on the possibility of a changing frequency of
venous thromboembolism are derived from studies of
autopsy-proven pulmonary embolism. Even under this
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circumstance there are potential variations: in tech-
nique of autopsy, increased awareness possibly leading
to a greater diligence in search for emboli, a changing
spectrum of primary diseases and therapeutic modali-
ties affecting the extent of operative procedures, dura-
tion of bed rest, etc. The reports of an apparently
lower prevalence of fatal pulmonary embolism during
the early decades of this century may be related to one
or more of the above-mentioned factors.
More recently, several investigators have presented

figures suggesting a progressively rising frequency of
pulmonary embolism. One study, involving Registrar-
General's reports from England and Wales, shows esti-
mated crude death rates from pulmonary embolism
rising from 15 to 19 per million in 1941-45 to 94 per
million in 1966.84 These data, however, are based upon
"'vital statistics"; presumably, most of the diagnoses
of "cause of death" were not confirmed by autopsy.
Morrell, Truelove, and Barr have reported a five-fold
increase in number of patients with necropsy-docu-
mented pulmonary embolism in Oxford between 1952
and 1961; the actual prevalence varied between two
and 7% in the earlier portion of the period and 8- 10% in
later years.123
To examine whether a similar apparent increase in

prevalence was occurring in the United States Coon
recently reported a 10 year survey of autopsied pa-
tients with the same analytic techniques used in the
study of a sample from the same hospital 20 years be-
fore.32 In the period between 1945 and 1955 the fre-
quency of pulmonary embolism was 13.6% while in
the 1964-1974 period the figure was 12.3% (not
significantly different). However, in both periods under
study, there was a considerable variation in annual
prevalence (e.g., 7.4% to 15.2% in the latter period)
which appeared to be statistically significant.
A number of European observers have noted de-

creases in autopsy-proven pulmonary embolism
during wartime which they attribute to nutritional
factors.149'163198 Although nutrition may play a role in
pathogenesis when frequency of pulmonary embolism
is plotted over many decades, wide variations in fre-
quency have been noted in peacetime as well.149"98
In addition, it seems unlikely that the differences in
annual prevalence in a well-fed U.S. sample32 can be
explained by yearly differences in nutritional status.
Apparent variations in frequency of clinically diag-
nosed venous thromboembolism have been attributed
to all of the common meteorologic variables: extremes
of humidity,'61 changes in barometric pressure68 and
temperature fluctuations.42 Marked quarterly dif-
ferences in prevalence (from 3% to 23%) in two
studies were shown to be random and not statistically
significant.29'32

Variations Due to Methods of Diagnosis
and to Selection

The accuracy of data concerning incidence, preva-
lence and relative risk of development of venous
thromboembolism is limited by the precision of tech-
niques of detection and restricted to the subset of the
population under study. This is especially true when
statistics are derived for a geographic area since the
predominant method of diagnosis is clinical. Numerous
investigators have shown that the great majority of
cases of deep venous thrombosis and pulmonary em-
bolism are never clinically diagnosed. However, to a
leser degree, the same limitations in diagnostic ac-
curacy apply to other methods of detection. The fre-
quency of recognition of pulmonary emoblism at
autopsy is directly related to the technique used
for detection and the care with which the necropsy is
performed; specialized techniques or no more than
meticulous sectioning of the lungs, has led to a
two-fold or greater increase in prevalence. 124'157
In the United States, the necropsy performance
of complete leg vein dissections in a search for
thrombi is extremely rare because of the special
consent required and the vigorous objections of
undertakers (since this interferes with the usual
methods for embalming). When complete leg vein dis-
sections have been performed in other countries on a
randomly selected general hospital population, recent
thrombi have been detected in 50 to 60%o of adults.61"64
Although a number of special procedures have been

developed which increase the frequency of detection
of venous thromboembolism, all have limitations (re-
lated either to cost, accuracy or morbidity) when con-
sidered for sequential mass screening of individuals. At
present, perhaps the most attractive method for screen-
ing of hospitalized patients for deep venous thrombosis
involves the use of I125-fibrinogen; still unsettled,
however, is the major conceptual problem of whether
the many thrombi confined to veins below the knee
represent a significant clinical entity with respect to
ultimate morbidity from embolism or postphlebitic
sequelae. British investigators consider below-knee
thrombi relatively innocuous'0l and only treat those
patients who on repetitive screening show propagation
of thrombus to the popliteal vein or above. Two other
techniques which could be used for mass screening,
impedance phlebography and ultrasound, detect only
those occlusive processes at or above the knee, but in
most hands there appear to be more false positive and
false negative measurements. Similarly, perfusion
scans of the lungs are frequently inaccurate, especially
in the postoperative patient; repeated scanning for
screening purposes would be unacceptable from the
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point of view of radiation exposure and, although com-
bined ventilation-perfusion scanning would be more
accurate, the same objection applies.

Another important consideration in the assessment
of epidemiologic factors in thromboembolism must be
the recognition that any calculation of frequency
or comparative risk applies only to a population com-
parable to that from which the statistics were derived.
Most estimates of risk have been obtained from a
hospital population. Since the conditions and diseases
which appear to affect the frequency of venous throm-
boembolism are multiple, the selection of entirely
suitable control groups is extremely difficult, if not
impossible. When autopsy-proven pulmonary em-
bolism is used as a criterion for diagnosis, a bias in
selection of patients for necropsy must be considered.
These and other problems of selection bias make' risk
estimates qualitative rather than quantitative.

Possible Risk Factors in Venous Thromboembolism

Although venous thrombosis and pulmonary em-
bolism are seen with greater frequency in association
with certain diseases and conditions, this association
does not necessarily imply a pathogenetic relationship.
The linkage may be entirely coincidental, or perhaps
more frequently, several of the diseases or conditions
may be associated with a common underlying physio-
logic abnormality which may be the more important
causal relationship. From the pathogenetic standpoint,
most discussions of risk factors return to a classifica-
tion based upon the Virchow-Aschoff postulates con-
cerning the elements affecting the development of
venous thrombosis: 1) trauma to the vein wall; 2) a
decrease in rate of blood flow in veins; 3) changes in
coagulability of the blood; 4) changes in the corporeal
elements of the blood. Nevertheless, a knowledge of
those conditions which may be associated with an
increased risk could lead to a more selective'approach
to prevention or detection of venous thromboembolic
disease.

Sex

Data for sex distribution are conflicting. 114 Accepting
the fact that all vital statistics represent gross under-
reporting, U.S. vital statistics for 1970 show a death
rate from pulmonary embolism of 5.4 '(per 100,000)
for males' and 5.0 for females.178 On the other hand,
Hume et al.84 have calculated crude death rates
in England and Wales for 1966 at 7.7'and 11.0, re-
spectively.

In a community study of the frequency of thrombo-
embolic disease, the rates for incidence and prevalence
of deep venous thrombosis were much higher for

females.31 The differential was particularly striking
under age 40; venous thrombosis was recognized in
females with as much as a ten-fold greater frequency.
About one-half of the episodes in younger women
were related to thrombosis associated with pregnancy.

In hospitalized patients, the difference in sex distri-
bution disappears. In our large sample of patients
treated with anticoagulants for venous thromboem-
bolism, the numbers of males and females are equiva-
lent. In addition, the percentages of males and females
with detectable pulmonary emboli at autopsy are
almost identical.29'33
A possible explanation for these differing figures is

that deep venous thromboses, many related to preg-
nancy, are more frequent in young women, but few
result in death from pulmonary embolism. Venous
thromboembolism in a general hospital population is
associated with many other epidemiologic factors
which are more evenly distributed between the sexes,
resulting in an equivalent sex incidence in this
environment.

Age

The influence of age upon the frequency of occur-
rence of pulmonary embolism has been consistently
observed in major analyses of the problem in the
U.S. and the British Isles. The observation of an age
relationship is confirmed by World Health Organiza-
tion data encompassing Japan, Australia, Israel and
Germany.5' In many studies the prevalence of pul-
monary embolism appears to increase almost linearly
with advancing age. Others have suggested various age
break-points for a changing frequency. Our data sup-
port the premise that an increased frequency after
age 30 can be chiefly attributed to the presence of
heart disease or cancer since, if patients with these
associated conditions are excluded, the prevalence
of pulmonary embolism reaches a plateau after this
age.29 A higher frequency of 1251-fibrinogen-detectable
thrombi has been reported in postoperative patients
age 60 or over (45%) as compared to those between
40 and 59 years of age (24%).102
Venous thromboembolism is considerably less fre-

quent in children. The clinical prevalence of venous
thrombosis has been estimated at 1.2 per 10,000 admis-
sions to a children's hospital;192 a recent suggestion has
been made that this low figure may represent a failure
of recognition which could be improved by utilization
of one of the newer diagnostic measures.94 The fre-
quency of pulmonary embolism detectable at autopsy
varies from series to series. In a sample of approxi-
mately 2000 autopsies in children, 25 fatal pulmonary
emboli were found.50 In several other studies the
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prevalence varied from about 3% in children under
age 10 to approximately 8% in the 10-19 year age
group.29'33 Although "spontaneous" deep venous
thrombosis (not associated with any known risk fac-
tors) is occasionally observed in adults,41'62 it is ex-
tremely rare in children; almost all cases of venous
thromboembolism occur in children with infection,
trauma, heart disease, nephrosis, malignancy, cerebral
thrombosis or hemorrhage, or ventriculojugular
shunts.95'96
Familial venous thromboembolism. Almost every

clinician who deals with large numbers of patients
with venous thromboembolism has encountered occa-
sional patients with a family history (two or more
affected family members). In single families with a
strong history of familial venous thrombosis, sev-
eral clotting factor abnormalities have been re-
ported, 47,48,69'113'143 but in the majority of cases no
hemostatic aberration can be demonstrated. A number
of years ago Jordan and Nandorff99 summarized 22
familial cases from the world's literature and reported
21 cases of their own; however, these were anecdotal
reports from which it is impossible to separate those
families in which superficial thrombophlebitis in vari-
cose veins may have been the major familial association.
Blood groups. Mourant et al.126 have recently col-

lated and summarized data concerning the relative
deficiency of blood group 0 in subjects with venous
thromboembolism. This association has been ex-
pressed as the "relative incidence" or relative excess
of group A in individuals with thromboembolic disease
(controls by this calculation = 1.0). Summarizing data
from multiple sources, the relative frequency of group
A was estimated as follows: 1) women taking oral
contraceptives who develop thromboembolism: 3.12;
2) thromboembolism in pregnant or puerperal women:
1.85; 3) thromboembolism in postoperative patients:
1.23; 4) patients dying of pulmonary embolism: 1.26;
5) mean "incidence" in combined medical and surgical
patients with thromboembolism: 1.4.

Jick et al.92 have pointed out the interesting observa-
tions that levels of antihemophilic factor activity ap-
pear to be higher in individuals with group A as opposed
to group 0140 and that patients who have group 0 are
more likely to bleed from a peptic ulcer.106
Estrogen -oral contraceptives. Although case re-

ports concerning the development of several forms of
vascular disease in women receiving oral contracep-
tives began appearing about 1961, the retrospective
controlled investigations of Vessey and colleagues in
England86'173 and Sartwell et al.150 in the United States
in the latter part of the decade convinced most physi-
cians that a relationship did exist. While some critical
objections regarding statistical methods have been

made, the mass of data which have accumulated since
these initial studies are overwhelmingly supportive of
the conclusion that estrogens increase the risk of
development of venous thromboembolism. The more
recent evidence in favor of the influence of estrogens on
the risk of developing myocardial infarction35 and
stroke26 as well will not be discussed here. In the
above-mentioned and subsequent British studies the
risk of development of venous thromboembolism was
increased about seven-fold while Sartwell et al. 150
estimated the relative risk in a U.S. sample to be 4.4.
The estimated increase in annual death rate in oral
contraceptive users was also about 7-fold, averaging
about three per 100,000 per year; the death rate was
about twice as high in women age 35-44 when com-
pared to women of ages 20-34. The risk remains
constant as long as oral contraceptives are used and
for several weeks after discontinuation.150
The influence of dose of estrogen is also docu-

mented.87'62 A positive correlation has been found
between dose and risk of venous thromboembolism.
Vessey and Inman175 have estimated that, if the rela-
tive risk of thromboembolism is 1.0 for a woman ingest-
ing a contraceptive containing 50 micrograms of estro-
gen, the risk is 3.2 at a dose of 100 micrograms and
5.9 at a dose of 150 micrograms.

Further evidence that estrogen is the thrombogenic
component of oral contraceptives is provided by the
reports of a higher frequency of venous and arterial
thromboembolism in patients receiving estrogens alone
for the management of cardiovascular disease,3513
prostatic carcinoma"' or suppression of lactation.40'91

In a recent comparison of estrogenic therapy of
prostatic carcinoma, the use of diethylstilbestrol was
associated with a significantly higher frequency of
thromboembolic complications than that observed with
other estrogenic compounds (chlorotrianisene and
ethinyl estradiol121).
The observations regarding estrogen suppression of

lactation are particularly impressive. Venous thrombo-
embolism is increased about three-fold by suppression
of lactation by diethylstilbestrol. The risk is even
higher in low-parity women over age 25 and in women
over 25 requiring operative delivery.167
Although retrospective studies attempted to elimi-

nate women with other predisposing factors, there is
some evidence that the effect of oral contraceptives
and other risk factors may be cumulative. There is a
potentiation of risk in women of blood types A, AB and B
who are receiving oral contraceptives.92 In women taking
oral contraceptives during the month prior to operation
or other trauma, the risk of thromboembolism appears
to be increased by four to 6-fold.66"74 An increased
frequency of 1251-fibrinogen-detectable leg vein thrombi
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in women taking oral contraceptives and undergoing
operations has been reported.146'188 These data support
the recommendation that women scheduled for hos-
pitalization, and particularly for operation, terminate
oral contraceptive use three to four weeks prior to
hospitalization; although coagulative changes take
place within several days after initiation of oral contra-
ceptive medication,180 return to normal may require
up to three weeks after termination of use.179

Interestingly, some recent data indicate that the risk
of recurrence ofthromboembolism is four times greater
in women with previous venous thrombosis not related
to oral contraceptives (except for recurrences oc-
curring during pregnancy or the puerperium, in which
no difference was noted).6

Estrogenic influence upon the pathogenesis of
venous thrombosis may be pluricausal. Intimal prolifer-
ative lesions have been described in both arteries and
veins in women taking oral contraceptives and in preg-
nant and postpartum women.89 90 An increase in per-
meability of vascular endothelium induced by estrogen
has also been implicated.2 Both pregnancy and oral
contraceptives significantly decrease venous tone and
mean linear velocity of blood flow in the calf of the
leg.63 Multiple effects upon the clotting mechanism
have been described. The most consistent change
noted by a number of observers is an increase in Fac-
tors VII and X;180 others have also reported an increase
in Factors II4 and VIII,46"180 a decrease in antithrombin
III,199 and concomitant increase in rate of thrombin
generation.180 Plasma soluble fibrin concentration is
increased,'36 and red cell filterability (which might lead
to stasis in the microcirculation) is decreased.132 Blood
platelet adhesiveness is increased.1223 These effects
appear to be related to the effects of the estrogenic
component of the oral contraceptive since administra-
tion of a progestin alone produces no significant
changes in clotting factors or platelet function.'12'119"39
While women receiving low-dose oral contraceptives
appear to have a lesser frequency of detectable throm-
boembolism, the estrogenic effect upon clotting factor
activity may not be dose-dependent.138 Although little
information is available concerning increased risk of
thromboembolism in women receiving "natural estro-
gens" for relief of menopausal symptoms, equine
estrogens have been shown to increase levels of Fac-
tors VII and X34 and decrease antithrombin 111.181
Pregnancy and the puerperium. The relative risk of

venous thrombosis or pulmonary embolism in women
who are pregnant or postpartum is 5.5 times that ex-
pected in non-pregnant, non-puerperal women who are
not taking oral contraceptives. During the period
1961-1966 in England and Wales, pulmonary embolism
ranked as the second leading cause (after abortion) of

maternal mortality.59 In a U.S. investigation of 85
maternal deaths from vascular causes, 21 were due to
pulmonary embolism,'30 second only to amniotic fluid
embolism as a cause of fatal vascular accidents in
pregnant women.
A study of prevalence of disease in a community

has shown that approximately one-half of all venous
thromboembolic events occurring in women below
age 40 were related to pregnancy or the puerperium.3'
This was the most important factor contributing to a
much higher frequency of thromboembolic disease in
young women when compared to men of similar age.
Deep venous thrombosis or pulmonary embolism was
recognized about once in every 200 pregnancies (rate
5.9/1000). This range of prevalence has been reported
by others. 40'59'9' Postpartum thrombosis is three to 6
times as frequent as antepartum thrombosis." 85'151
Venous flow is known to decrease as pregnancy

progresses, being slowest after engagement of the fetal
head.194 Changes in blood coagulation during preg-
nancy and the puerperium are similar to those seen after
administration of oral contraceptives.168'180 Platelet fac-
tor 3 activity also seems to be increased.'97 These
changes increase further during delivery and persist in
the early postpartum period; in addition, the platelet
count shows a pronounced rise,'3 a possible explana-
tion for the increased thromboembolic risk during the
puerperium. Chromatographic measurements of
fibrinogen-fibrin products, utilized as an index of
hypercoagulability, show a frequency of abnormalities
of 15% in pregnant women in the first trimester, 30%
in the second trimester, 40% at 8 months and 80% in
the early postpartum period.18

Hiilsmaa found a frequency of thromboembolism in
a Finnish hospital of 10.7/1000 after normal delivery
but 22.1/1000 after caesarean section.75 Aaro and
Juergens report that more than one-fourth of patients
with deep venous thrombosis after delivery have had
some type of obstetrical complication, and one-third
of patients have had a prior history of thromboembolic
disease.' Documented deaths from puerperal thrombo-
embolism appear to be in the range of one to two per
100,000, the higher figure reported in women of age 35
and over.173 There is some evidence to suggest that in
recent years a real decrease in mortality from puerperal
pulmonary embolism has occurred as a result of better
obstetrical care.176

Obesity. Several autopsy studies have shown that
the risk ofpulmonary embolism in obese subjects is one
and one-half to two times that observed in the non-
obese.2933 A similar augmentation in risk of develop-
ment of deep venous thrombosis has been reported in
studies utilizing 1251-fibrinogen scanning. 102'129 The
additive risk of obesity in the development of post-
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operative pulmonary embolism was noted by Snell 50
years ago159 and confirmed later by Barker et al.8 who
noted a two-fold increase in risk of pulmonary em-
bolism in obsese women after hysterectomy. A de-
crease in blood fibrinolytic activity has been reported
in obese patients.10
Heart disease. The relatively high frequency of deep

venous thrombosis and pulmonary embolism in
hospitalized patients with heart disease has been well
documented.21'29'33'69'143"82'190 When the prevalence of
pulmonary embolism at autopsy is compared between
all patients over age 30 without heart disease or
cancer and all patients over age 30 with heart disease,
the frequency of pulmonary embolism is about 31/2
times as great in the subjects with heart disease.2933
When risk is considered with respect to specific patho-
logic types of heart disease, patients with all forms of
heart disease except for hypertensive heart disease,
and congenital heart disease in individuals under age
10, have a significantly increased risk for development
of pulmonary embolism.33 The hazard of embolism is
even greater if atrial fibrillation or congestive heart
failure is present. 29,33'43,143 Although pulmonary em-
bolism does not appear to be significantly more fre-
quent in autopsied patients with acute myocardial
infarction than in individuals with other forms of heart
disease,33'122 a sub-class of "severely ill" patients
with acute myocardial infarction has been shown to
have a higher frequency of 1251-fibrinogen-detectable
leg vein thrombi than the patients with less extensive
infarcts.70'103'154 The frequency of deep venous throm-
bosis in non-anticoagulated patients with acute myo-
cardial infarction is 30 to 40%70.103.115 More than one-
half of the thrombi develop within 72 hours of the
acute infarction.'15 Advanced age, a prior history of
thromboembolism and the presence of varicose veins
augment the risk of development of deep venous
thrombosis in patients with an acute myocardial
infarct.49'115

While mural thrombi in the right heart have been
thought to be a major source of pulmonary embolism in
patients with heart disease, right mural thrombi are
found in only 10-20o of cardiac patients who develop
autopsy-proven pulmonary embolism,32'33 an indication
that the leg veins are the major source of emboli
in cardiac patients as well. Another observation in
support of this premise is that patients found to have a
mural thrombus only in the left side of the heart have
a prevalence of pulmonary embolism equal to that of
subjects with right cardiac mural thrombi.33
One might interpret these data as suggestive that

the critical influences on frequency of thromboem-
bolism in cardiac patients are severity of the heart
disease and disturbances in cardiac rhythm which may

influence cardiac output, venous return or the extent
of immobilization of the patient (which also affects
rate of venous flow). Although many reports have at-
tempted to incriminate a "hypercoagulability" of the
blood as a major pathogenetic element, there is no
definitive demonstration that the myriad coagulative
changes which have been found have any causal rela-
tionship to the development of the thromboses.

Cancer. The relation between malignant neoplasms
and venous thrombosis has been known for more than
100 years.170 Although unusual and extensive throm-
botic conditions, such as migratory thrombophle-
bitis44 and phlegmasia cerulea dolens,116 have been
described in conjunction with extensive cancer (es-
pecially related to cancers of the pancreas,'60 lung'9
and stomach'70), the frequency of venous thrombo-
embolism is increased in patients with many other types
of neoplasm as well. The risk of pulmonary embolism is
increased two-to three-fold in all patients with
cancer.29'33"182 Apart from carcinoma of the pancreas,
in which approximately one-third or more of patients
who die have autopsy-proven pulmonary embolism,
other types of cancer are also associated with a high
embolic risk: genito-urinary neoplasms, stomach,
lung, colon and breast; in patients with other types
of malignant tumors, the frequency of embolism is
considerably lower.29'33 Although speculations have
been made that the high frequency of thrombosis in
patients with carcinoma of the pancreas is related to
mucin production by the tumor,137"160 Lafler and Hiner-
man'05 found no correlation between concentration of
stainable mucin and the presence of thrombosis but a
good correlation with the presence of glandular epi-
thelium ("differentiating ductal carcinoma").

In postoperative patients studied with labelled
fibrinogen, the presence of carcinoma increased the
risk of development of leg vein thrombosis about one
and one-halffold when compared to all patients without
cancer, regardless of other risk factors; 40.6% of
patients with cancer developed evidence of deep leg
vein thrombosis.'02 Others have reported a three-fold
increase in risk of postoperative thrombosis in cancer
patients.137 The frequency of thromboembolism after
abdominal hysterectomy is increased two and one-half
fold if the operation is for cancer.9
Tumor cells are not usually found in the venous

thrombus. Numerous observations regarding altera-
tions in blood viscosity, clotting factors and platelet
number or function have been made,s16'1o7'19'118'120'166
but none of these abnormalities has been shown to be
of pathogenetic significance. The role of ancillary
predisposing conditions (older age, prolonged bed rest,
major operations, heart disease) may be of importance.
Past history of venous thromboembolism. A history

155Vol. 186 * No. 2



Ann. Surg. * August 1977

of prior deep venous thrombosis and pulmonary em-
bolism has been recognized for many years as a
major epidemiologic factor influencing the develop-
ment of further thromboembolic disease. This is es-
pecially true when another risk factor, such as opera-
tion, is also present. Thirty-five years ago Barker et
al.9 documented the magnitude of the risk, reporting
that of 46 women with a prior history of thrombo-
embolism undergoing hysterectomy, 31 developed
postoperative pulmonary embolism, and 15 died from
embolism. More recently, Kakkar et al.102 found a
68.4% prevalence of leg vein thrombi in postoperative
patients with a prior history of thromboembolism;
Nicholaides and Irving"29 have reported a frequency
of thrombosis of 61% (as compared to 26% in patients
without a prior history). In a retrospective review,
Turnbull discovered that a past history increased the
risk of recurrent thromboembolism three-fold in post-
operative gynecologic patients.172

Varicose veins. Many authors have cited varicose
veins as a risk factor in surgical patients. An element
which has not been adequately considered is whether
the patients with varicose veins who develop post-
operative deep venous thrombosis or pulmonary em-
bolism are a subcategory of individuals who have de-
veloped varices secondary to a prior unrecognized
deep venous occlusion.'10 In a study of the frequency
of venous thromboembolism post abdominal hysterec-
tomy, patients with 'peripheral vein disease" were
defined as those having either varicose veins or a past
history of venous thrombosis; this group had a three-
fold increase in frequency of thromboembolic disease
when compared to patients without known predispos-
ing factors.9 Several studies utilizing labelled fibrinogen
have presented data supporting a two-fold increase in
risk in all postoperative patients if varicose veins
are present.102,"29
Accidental trauma. Most of the important elements

in the relationship of injury to thromboembolism were
defined in the classic autopsy studies of Sevitt and
Gallagher.'53 The estimated prevalence of fatal pul-
monary embolism in injured patients admitted to the
hospital appears to be about 1% and the overall fre-
quency of both fatal and non-fatal emboli about 2%.
Most of the instances of deep venous thrombosis are
"silent" (without clinical signs). The frequency of
venous thrombosis increases' with advancing age and
with duration of bed-rest. When complete leg vein dis-
sections are performed, deep venous thrombi are found
in from 40% to 86% of subjects, the lower figure in
patients with head and chest injuries and the higher in
subjects with femoral fractures. In spite of a unilateral
limb injury, thrombosis is usually bilateral. As Sevitt
and Gallagher stress, and Coon has recently con-

firmed,33 all patients with trauma, regardless of the site
of injury or the age of the patient, are at increased risk
of developing thromboembolic disease. The risk of pul-
monary embolism rises from that observed in head and
chest injuries (2%-5%), to burns (5%-8%), spinal
fractures (14%), pelvic fractures (27%), to the highest
frequency of 45-60% in tibial and femoral fractures.
Numerous investigators have provided data in sup-

port of one or more of the above observations. Freeark
et al.58 found a prevalence of venographically proven
leg vein thrombi in 35% of patients with various forms
of trauma; the thrombi were frequently bilateral, and
only one-third were detected clinically. In another
venographic study, 45% of patients with tibial fractures
had deep venous thrombi; while patients under age 25
had a 12% frequency of thrombi, the prevalence was
in the 50 to 60%o range for several age categories
between 25 and 75 years.7
The fact that lower extremity injuries, and particu-

larly femoral fractures, are the chief contributor to fatal
pulmonary embolism after trauma has been known for
more than 40 years."' The greatest attention in trauma-
related thromboembolic disease has been devoted to
fracture of the hip because this complication has been
considered the most common cause of death after this
injury.53'54"193 When autopsies were conducted on 161
of 247 patients dying after hip fractures, the cause of
death was attributed to pulmonary embolism in 38% of
patients; in the remaining patients, in whom necropsy
was not performed, only 2% were thought clinically
to have had a pulmonary embolus.`4 In another
study, 50% of all deaths after hip fracture were due
to pulmonary embolism.53 Studies with labelled
fibrinogen has shown a frequency of deep venous
thrombosis of over 50% in the injured limb; thrombi
were also demonstrated in the uninjured limb in 34%.52
The pathogenic role of accidental trauma often cannot
be distinguished from the superimposed influence of
operative treatment of the injury. Data referable to
risk of thromboembolism after orthopedic operations
will be discussed separately.

Several investigators have suggested that trauma per
se may be of lesser importance as a pathogenetic agent
than the immobilization following the injury since
the frequency of thrombi and emboli increases with
the duration of bed-rest;33"152"153 the frequent bilaterality
of leg vein thrombi also supports this premise.
The role of direct venous trauma in the initiation of

thrombosis is self-evident. Admonitions against ad-
ministration of fluid in leg veins have existed in most
hospitals for many years because of the known risk of
induction of a superficial venous thrombus which may
secondarily involve the deep veins. Less well recog-
nized is the very real thrombogenic and embolic risk
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of central venous catheterization via the subclavian or
jugular veins;83 Muller has recently reported eight
cases of fatal pulmonary embolism from this source
observed in a university hospital during a one-year
period. 127
A lesser degree of injury is presumed to be re-

sponsible for the so-called "effort thrombosis"
which follows unusual or persistent muscular activity
or sudden muscular strain. Although recognized as a
frequent mechanism of initiation of axillary and sub-
clavian vein thrombosis,30 it has also been linked to
the development of leg vein thrombosis.36

Operation. The role of operation in contributing to
the risk of venous thromboembolism is difficult to dif-
ferentiate from the risk contributed by the patient's
primary disease and associated conditions, his age,
his preoperative immobilization in bed, etc. Although
operation per se is probably a significant risk factor,
the hazard of venous thrombosis and pulmonary em-
bolism is greatly increased if other predisposing condi-
tions are also present. Many studies utilizing labelled
fibrinogen, usually confined to patients age 40 and
over undergoing major operations, have shown an
overall frequency of deep venous thrombosis of 15 to
50% 7,78,88,102,103,129 Not all 1251-fibrinogen-detectable
thrombi are thought to carry a high risk of embolism;
the 10-30%o of venous thrombi which originate or
propagate into the popliteal vein or above are the
group associated with a high risk of pulmonary em-
bolism.101 Although some observers have proposed
that at least one-half of the thrombi develop on the
day of operation or within the first several postopera-
tive days,55,72 a careful evaluation of immobilized pre-
operative patients has only recently been conducted.
Heatley et al.74 evaluated a group of patients with
gastrointestinal disease admitted to the hospital more
than four days prior to operation and found that 62%
of phlebographically-confirmed thrombi developed be-
fore operation; patients with cancer and those receiving
parenteral alimentation were particularly susceptible.
The magnitude of the operative procedure appears to

have a greater effect upon the frequency of both throm-
bosis and embolism than does the site of operation
(except for orthopedic operations, especially those in-
volving the hip).8,33,71,102,129,171 For example, the fre-
quency of detection of leg vein thrombi with labelled
fibrinogen is 50o in patients after retropubic prosta-
tectomy versus 4% after transurethral resection of thl
prostate gland, and 24% after transabdominal gyne-
cologic procedures as compared to 9o after vaginal
operations."0" Leg amputations are also associated with
a high frequency of thromboembolism.27 39"85"9' As in
cases of accidental trauma, the pathogenetic influence
related to magnitude of operation may be the increase

in duration of immobilization in bed; autopsy-proven
pulmonary embolism in postoperative patients in-
creases in frequency with duration of bed-rest.33
A cumulative increase in risk of development of

venous thrombosis and pulmonary embolism in post-
operative patients occurs in the presence of other risk
factors: increasing age, obesity, varicose veins, past
history of thromboembolism, carcinoma, cardiac
disease, severe infection. 933"102"129 Although estimates
of the additional risk contributed by these other factors
are not definitive, it appears that the hazard of throm-
boembolism is increased by about 50% in patients
with obesity and as much as 300% in subjects with
cardiac disease or a past history of deep venous throm-
bosis (with the other risk estimates falling between
these two extremes.9"129

Paralysis, prolonged bed-rest and other forms of
immobility. Paralyzed patients and others who are
totally immobilized have been of considerable epi-
demiological interest as a natural experiment concern-
ing the role of venous stasis in the pathogenesis of
venous thrombosis. Warlow et al.,'84 using labelled
fibrinogen, found a 60%o prevalence of thrombosis in
the paralyzed legs of 30 patients within 10 days of the
onset of their cerebrovascular accidents; only two pa-
tients had venous thrombosis in both legs. Pulmonary
embolism occurred in four patients. Others have also
observed an apparent increase in frequency of pul-
monary embolism in patients with strokes.1520 Of 30
patients with Guillain-Barre syndrome, three had
autopsy-proven pulmonary emboli and an additional 7
had the clinical diagnosis of pulmonary embolism.'4'
An apparent increase in frequency of signs of thrombo-
sis or evidence of postphlebitic sequelae has also been
noted in subjects with catatonia or severe cerebral
arteriosclerosis.82
Acute paraplegia is associated with a high frequency

of venous thromboembolism.33"69"83"86 Sixty-six in-
stances of thromboembolic disease were detected in
500 patients with acute paraplegia; 15 deaths from
massive pulmonary embolism occurred between four
and 85 days after onset of paraplegia.'83 Patients with
chronic paraplegia are at lesser risk of developing non-
fatal and fatal pulmonary embolism.'69

Other forms of immobilization, such as the treat-
ment of tetanus'04 or the management of chronic
respiratory insufficiency in an intensive care unit,'34
have also been linked with an increased risk of pul-
monary embolism. A recent prospective study has
demonstrated that clinically recognized deep venous
thrombosis is almost twice as common in patients ad-
mitted as emergencies as compared to electively ad-
mitted patients;'25 although many factors may con-
tribute to this difference, the degree of immobility con-
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tributed by the acute illness may be a factor. Lesser
degrees of confinement to bed, such as in the pre-anti-
biotic period of management of pulmonary tuberculo-
sis, are not associated with a high frequency of throm-
boembolism;57 however, when tuberculous patients are
seriously ill, and more immobile for that reason, the
prevalence of pulmonary embolism is as high as that
found in a general hospital population.29'97
When the duration of confinement to bed during a

terminal illness is related to the prevalence of deep
venous thrombosis and pulmonary embolism found at
autopsy, the peak frequency of venous thromboembo-
lism is achieved after one week of immobilization.6'153
These observations concur with isotopic measures of
venous flow in the leg which have shown a progressive
decrease in rate of venous flow in bedridden medical
and postoperative patients, the maximum decrease
being observed after the first week of confinement to
bed.98"195"196 Venous flow is markedly decreased in a
paralyzed limb.'96
The role of immobility in the pathogenesis of deep

venous thrombosis is not limited to hospitalized pa-
tients. Recognition of the deleterious effect of transient
but rather rigid confinement in air raid shelters sur-
faced in the early days of World War II; the sudden
increase in frequency of fatal pulmonary embolism
following the restriction of elderly patients to deck
chairs in shelters is vividly described by Simpson.'55
Subsequently, Homans reported the development of
deep venous thrombosis in individuals after long con-
fining rides in airplanes or automobiles or prolonged
sitting for other reasons.8' On a somewhat similar
basis, "spontaneous" leg vein thrombosis has been
noted in tall men,'28 presumably as a result of the
awkward sitting position necessitated by furniture of
inappropriate size.
Hematologic problems. The hematologic diseases or

conditions which clearly increase the risk of venous
thromboembolism have not yet been fully defined.
The best available data in support of an increase in
thromboembolic risk relates to several of the myelo-
proliferative disorders: primary thrombocythemia,'33
polycythemia rubra vera24"135 and agnogenic myeloid
metaplasia.80 Some investigators feel that a persistent
elevation of the platelet count, including postsplenec-
tomy thrombocytosis, is a predisposing factor to the
development of thrombosis;" others have not found a
correlation between postsplenectomy platelet count
and frequency of thrombosis.'47 One study demon-
strated venous thromboemboli in 6 of 25 patients
with elevated platelet counts but in none of 21 patients
with normal platelet numbers.77 The sub-group of
patients with postoperative thrombocytosis at greatest
risk of thrombosis may be those who also show abnor-

malities in platelet aggregation, bleeding time and
platelet factor-3 activity,200 or, as Hirsh et al. have
proposed, may be those subjects who have persistent
postoperative anemia.76
Thromboembolic disease is a major problem in pa-

tients with paroxysmal nocturnal hemoglobinuria.
Cerebral and portal venous thrombosis are more com-
mon as a cause of death than pulmonary embolism.37
A number of abnormalities of blood coagulation have
been reported, but many of these observations are
conflicting.3

Patients with cryofibrinogenemia are thought to have
an increased frequency of thromboembolism, but this
apparent relationship may be secondary to the associa-
tion of cryofibrinogenemia with cancer or to an ac-
companying hyperfibrinogenemia, or the cryofibrino-
gens may develop as a result of the thrombotic
process. 158

Ulcerative colitis. A significantly higher frequency
of venous thromboembolism has been found in pa-
tients with chronic ulcerative colitis studied at
autopsy.29'65 The increase in risk appears to be two to
three-fold. Medically treated patients may be at
greater risk than surgically treated patients.65 An in-
creased prevalence in women has been noted by several
observers.45.65 Conflicting reports complicate interpre-
tation of the significance of possible coagulative ab-
normalities in this disease;108 an increase in factor
VIII and in fibrinogen concentration has been noted,
but such changes are not unexpected in patients with
chronic inflammatory conditions.
Other conditions. Many other diseases and condi-

tions have been proposed to be predisposing to venous
thromboembolic disease. In many instances the asso-
ciation has been poorly documented; in others, the
disease in question is accompanied by a high fre-
quency of other well-recognized risk factors (heart
disease, prolonged immobilization, etc.).

Diabetes mellitus is frequently cited. A frequency of
pulmonary embolism of20o was found in 349 diabetics
age 30 and older examined at necropsy;33 however, of
the 71 patients with pulmonary embolism, 52 had asso-
ciated heart disease and another 12 had other risk fac-
tors (cancer, recent leg amputation, cerebrovascular
accidents, etc.).

Certain forms of infection have also been incrimi-
nated. An almost two-fold increase in '251-fibrinogen-
detectable leg vein thrombi was found in surgical pa-
tients who developed postoperative infection;129 al-
though the difference appears to be significant, whether
the infection per se or the added immobilization is
the important element is difficult to define. Venous
thromboembolism is a common and well-recognized
complication of gram-negative septicemia;25 this asso-
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ciation is not unexpected in a condition known to be
linked with a hypercoagulable state and intravascular
coagulation. Subclinical endotoxemia may also be ac-
companied by a higher frequency of venous thrombosis
and a more extensive thrombotic process; Fossard et
al.56 found that 29% of postoperative patients with a
positive Limulus assay developed leg vein thrombi as
compared to a 19% incidence in a control group; half
of the thrombi associated with endotoxemia were
"major" (above the knee).
A recent report has described 7 of 19 consecutive

patients with Cushing's syndrome who developed
thromboembolic complications before or after adre-
nalectomy.156
A high frequency of venous thrombosis has been

linked with homocystinuria, an inborn error of metabo-
lism.22 An increased platelet "stickiness" has been
demonstrated in these patients; normal platelets de-
velop similar properties when incubated with homo-
cystine in vitro.112 In addition, homocystine is able to
activate factor XII in an in vitro system.142
Another rare condition, Behcet's syndrome (aph-

thous stomatitis, uveitis, and genital ulceration) is also
frequently accompanied by the presence of both super-
ficial and deep venous thrombosis.67'144
Many other diseases and conditions have been pro-

posed as risk factors: nutritional factors, alcohol,
smoking, arthritis, chronic pulmonary disease, hyper-
lipidemia. Certain drugs other than oral contraceptives
and estrogens have also been implicated, particularly
adrenocorticosteroids, epsilon aminocaproic acid and
several antibiotics. The data currently available are too
conflicting and inconclusive to warrant their inclusion
in this discussion.

Discussion

The current available information concerning the
epidemiology of venous thromboembolism should be
assessed with the recognition that it may be inaccurate,
erroneous, or subject to misinterpretation. Many of
the reports which have been cited are anecdotal. Most
have not compared the frequency of a risk factor in
patients with venous thromboembolism to its fre-
quency in the total population from which the cases of
venous thromboembolism were derived. Almost all of
the data have been obtained from highly selected
groups of patients. Diagnoses are based upon method-
ologies with varying levels of sensitivity and specificity.
The risk of development of deep venous thrombosis
in patients with a particular disease or condition may
not be, and probably is not, synonymous with the risk
ofdevelopment ofpulmonary embolism. Since so many
possible risk factors have been proposed, the inter-

relationships, possible dependent variables, and likeli-
hood ofcumulative effects make estimates of risk ratios
somewhat inaccurate.
Whenever so many elements thought to affect the

frequency ofdevelopment of venous thromboembolism
exist, a justifiable presumption is that the true patho-
genesis of the disease has remained undetected. An
association does not necessarily mean causation.
This discussion has attempted to point out the com-
monality of the Virchow-Aschoff postulates in the great
majority of these proposed diseases and conditions.
As one reviews the various proposed predisposing
conditions, one or another of these factors is present.
Perhaps the most frequent and best-documented asso-
ciation is with venous stasis. Advancing age and in-
creased periods of immobilization appear to be of criti-
cal importance. As age increases, the soleal veins in-
crease in number, size and tortuosity while calf muscle
mass decreases, both contributing to a decrease in rate
of venous return from the lower extremities. De-
creased muscular activity and the antigravitational
direction of flow in the soleal venous plexus in the
recumbent position result in a further decrement in
venous flow.
However, as Wessler has shown in experimental

venous thrombosis,187 stasis alone may not be sufficient
for thrombus formation. In a given circumstance,
the additional initiating factor may be direct venous
trauma or endothelial injury produced by hypoxia; in
other situations, a change in blood coagulability may
contribute. If hypercoagulability of the blood is influen-
tial in thrombus development, the alterations in coagu-
lation may be confined to the area of venous stasis and
not be detectible in the systemic circulation. In spite
of thousands of published papers on systemic changes
in clotting factors as possible predictive tests for
venous thrombosis, no definitive evidence has yet been
presented. Measurement of levels of antithrombin III,
which is probably identical to heparin cofactor and
activated factor X inhibitor, is of greatest current
interest; these studies have practical implications be-
cause the probable mechanism of action of low-dose
heparin is through an increase in the rate at which
antithrombin III combines with activated factor X.189
Although considerable skepticism is justified with

respect to the role of epidemiological studies in further
defining etiology or pathogenesis of venous thrombo-
embolism, such investigations are of practical value in
prediction of which patients are most likely to develop
disability or to die from the sequelae of deep venous
thrombosis. Epidemiologic data can be utilized to de-
fine "high-risk" groups of subjects most likely to bene-
fit from specific prophylactic measures. The difficult
and as yet unsolved problem is the determination of
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the magnitude of the increase in risk produced by any
given disease or condition and the possible cumulative
effect upon risk when more than one risk factor is pres-
ent. Currently, the individual physician must make this
decision based upon the insufficient data which are now
available. The more important risk factors which
should be seriously considered in hospitalized patients
are briefly listed in summary below; in many instances
a cumulative increase in risk may be present when
more than one risk factor is identified: 1) Past history
of venous thromboembolism or physical signs of
venous insufficiency. 2) Advancing age, when accom-
panied by immobilization for one week or longer. 3)
Obesity (greater than 20%o over ideal weight). 4)
Acute paralysis or other conditions resulting in lack
of usual mobility. 5) Heart disease. Risk is increased
with severity of the heart disease and, particularly,
in the presence of cardiac arrhythmia or congestive
heart failure. 6) Cancer of lung, gastrointestinal and
genitourinary tracts and, perhaps, of the breast. 7)
Major operations, especially operations involving the
lower one-half of the body, including intra-abdominal
pelvic procedures and other operations resulting in
extended periods of immobilization. 8) Postpartum
patients with other risk factors, including estrogen
suppression of lactation. 9) Women receiving oral con-
traceptives who are hospitalized and have other risk
factors, particularly those scheduled for operation.
10) Accidental trauma to lower extremities, spine and
pelvis. 11) Ulcerative colitis and (probably) Crohn's
disease. 12) Infections with gram-negative organisms
(possibly).

If a decision is made that a potential increase in
risk warrants further measures, several alternatives are
available. All patients at increased risk can be followed
by one or more "screening" procedures thought to
have greater sensitivity than clinical examination in the
detection of venous thrombosis (e.g., 1251-fibrinogen
scanning, impedance phlebography, Doppler ultra-
sound examination, etc.). The validity of this approach
to early detection of thrombosis depends upon the
clinical acceptability of the test procedure, which
should be proven to be simple, accurate and cost-
effective. The other choices involve the utilization of a
form of effective drug prophylaxis. At the present time,
the measures proven to be of some value include
conventional heparin or oral anticoagulant therapy,
intravenous dextran, "low dose" heparin and, per-
haps, under certain circumstances, intermittent
mechanical compression or stimulation of the calf
muscles. The choice of drug regimen depends upon
physician preference and experience and a judgment
concerning relative effectiveness in a given clinical
situation, balanced against the risk of bleeding and

other complications of therapy. Currently, a popular
preventive measure for most surgical patients is low-
dose heparin which, in a recent multicenter trial, has
been shown to be both relatively safe and effective.8

This review of information concerning the epi-
demiology of venous thromboembolism is pre-
sented to provide an awareness of the magnitude
of the problem and to provide data which the
individual physician may utilize to be selective in
his approach to prevention of this complication
by restricting his efforts at early detection or pre-
vention to those patients at greatest risk of
morbidity or mortality.
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