PART XIV  Venous Thromboembolic Disease

INCIDENCE AND CLINICAL RELEVANCE OF VENOUS
THROMBOEMBOLISM

Venous thromboembolism (VTE), consisting of deep vein thrombosis
(DVT) and pulmonary embolism (PE), is the third leading cardiovascu-
lar disease after coronary heart disease and stroke. The age-standardized
incidence rate is 1 to 2 per 1000 people per year. There is no surveillance
for VTE, so the precise incidence and prevalence are not clear; three data
sources present disparate results as recently reviewed.' Estimates from
the United States Centers for Disease Control suggest there are 300,000
t0 600,000 cases annually in the United States. In contrast, another study
suggested 465,715 DVT, 296,000 PE, and 370,000 VTE deaths annually
in six European countries with a population size together that is similar
to the United States. The American Heart Association estimated that
there were 676,000 DVT cases in the United States in 2014.

Estimation of lifetime risk is another way to consider the impact of
VTE on the population. A report from an observational cohort of blacks
and whites in the United States estimated that the lifetime risk of VTE af-
ter age 45 was 8.1% overall and 11.5% in blacks. Reflecting the association
of common risk factors for VTE, lifetime risk was 10.9% in those with
obesity and 17% to 18% in those with sickle cell anemia/trait or factor
V Leiden (the most common genetic thrombophilia).” The risk of VTE
differs by race-ethnicity, being lower in populations of Asian descent and
perhaps higher in those of African descent, compared to Caucasians.”

VTE is a chronic disease that is associated with increased short- and
long-term complications. In the short term, recurrent VTE and major
bleeding predominate, while in the long term post-thrombotic syn-
drome (PTS), recurrent VTE and chronic thromboembolic pulmonary
hypertension (CTEPH) cause morbidity and mortality. The case fatal-
ity rate for both recurrent VTE and major bleeding is approximately
11% during the first three months of anticoagulation therapy. PTS is
a long-term complication in up to 25% to 50% of patients with DVT,
and CTEPH complicates the course of approximately 1% of patients
with PE.*” Hence, VTE is an important cause of disability-adjusted life
years lost and poses significant healthcare costs.*” To reduce incidence
and complications of VTE a better understanding of its incidence and
associated risk factors is required.

SECULAR TRENDS IN INCIDENCE OF VENOUS
THROMBOEMBOLISM

In North America, the overall incidence of VTE seems to have re-
mained relatively unchanged over time. A large US population-based
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study reported an age- and sex-adjusted incidence of a first episode
of VTE of 10.2 (95% CI: 10.2 to 10.3) per 10,000 person-years and
demonstrated that the incidence did not change over a 30-year pe-
riod (1991 to 2010).° A Canadian study also reported a stable age-
and sex-adjusted incidence of VTE of 13.8 (95% CI: 13.7 to 14.0) per
10,000 person-years between 2004 and 2012.” Finally, a study from the
Netherlands reported a stable overall age-adjusted incidence rate of first
episode of VTE over a 10-year period from 2003 to 2012.” Interestingly,
although the incidence rate of overall VTE remained stable over time,
a number of studies have reported a decrease in the incidence of DVT
but an increase in the incidence of PE. A French study comparing the
2013 incidence rate of VTE to that of 1998 using age- and sex-adjusted
standardized incidence ratios (SIRs) reported a lower incidence for iso-
lated DVT (without PE) in 2013 (SIR 0.53 [95% CI: 0.47 to 0.60]) but
an increase in the incidence of isolated PE (without DVT) (SIR 1.29
[95% CI: 1.10 to 1.52])."° Other studies in the United States and the
Netherlands also reported a decrease in the incidence of first (distal or
proximal) DV'T but an increase in the incidence of PE.”"' These obser-
vations are consistent with findings from the large population-based
Norwegian Tromse study that reported that the age-adjusted incidence
of PE increased from 4.5 (95% CI: 2.3 to 6.7) per 10,000 person-years
in 1996 to 11.3 (95% CI: 8.2 to 14.4) in 2010, whereas the incidence of
isolated DVT in the same timeframe decreased from 11.2 (95% CI: 7.7
to 14.6) to 8.8 (95% CI: 6.1 to 11.5)."” In contrast, as shown in Fig. 50.1,
the 2018 statistical update of the American Heart Association reported
a tripling of PE hospitalization and an approximate 50% increase in
DVT hospitalization over the last two decades in the United States.'
There are many potential reasons for this reported increase in DVT
hospitalization. One explanation could relate to increased detection
due to improvements in the sensitivity of imaging tests, such as using
full-length leg ultrasonography, which may detect small distal DVTs
that would not have been diagnosed with a diagnostic algorithm using
proximal ultrasonography alone. However, the differences in findings
from these studies with varied designs remain unexplained.

The reason for the increase in the overall incidence rate of PE over
time remains unclear. The introduction of computed tomographic pul-
monary angiography (CTPA) and its recent increasing availability in
hospital emergency rooms is an important factor to consider. Detection
of incidental PE, discussed below, might contribute. Advances in tech-
nology, more specifically the implementation of multiple-detector
CTPA in clinical practice, has led to improvement in the sensitivity of
PE diagnosis by allowing better resolution of the 2 to 3mm diameter
subsegmental pulmonary arteries. A large study from the US reported
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Fig. 50.1 Trend in hospitalized pulmonary embolism and deep vein thrombosis in the United States. Data is
based on appearance of diagnosis codes in the principal position (blue, reason for the hospital stay) or any position
(orange) in the list of discharge diagnosis codes. (From Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease
and stroke statistics-2018 update: a report from the American Heart Association. Circulation. 2018;137:e67-e492.)

that the increased use of multiple-detector CTPA for the diagnosis of
PE seems to have led to a significant increase in the overall incidence of
PE diagnosis.”’ Other factors besides improved sensitivity of CTPA may
also be contributing, including improvements in effectiveness of PE
diagnosis (using diagnostic algorithms including pre-test probability
assessment), increased clinical awareness of healthcare providers to the
diagnosis, a true increase in the incidence, or overdiagnosis. One study
reported a decreasing age-adjusted, in-hospital case fatality rate from
12.1% to 7.8% between 1998 and 2006 without any significant change
in overall mortality, suggesting that at least some of the increased PE
diagnoses are less severe (or overdiagnosed).13 Similar findings were
reported in an Italian study assessing hospitalization for patients with
acute PE. In this study, the incidence of PE increased from 4.0 to 6.2
per 10,000 person-years in women and from 3.5 to 4.6 in men between
2002 and 2012. The case-fatality rate decreased over the same time
frame from 15.6% to 10.2% in women and 17.6% to 10.2% in men."*

The reported increased incidence of PE diagnosis since the intro-
duction of multiple-detector CTPA may be correlated with an increase
in the diagnosis of PE localized in the subsegmental pulmonary ar-
teries without involvement in larger-order vessels (i.e., subsegmental
PE, SSPE). A systematic review and meta-analysis of the literature re-
ported that the rate of SSPE diagnosis among patients that underwent
single-detector CTPA was 4.7% as compared to 9.4% for those that
underwent multiple-detector CTPA."” Thus the rate of SSPE diagno-
sis seems to be increasing with the number of detectors used for PE
diagnosis. These rates have been reported to range from 7% to 15% in
patients undergoing 4- to 64-detector CTPA, respectively.

In summary, although not all reports agree, the overall incidence
of VTE seems to have remained relatively unchanged over time, with
lower-limb DVT decreasing and PE increasing in recent years. The rise
in PE is likely, in part, a manifestation of the greater sensitivity of di-
agnostic tests for PE in smaller caliber vessels (e.g., subsegmental pul-
monary arteries). The clinical importance of these isolated SSPE is not
clear'” and further studies are required to guide clinical management.

RISK FACTORS FOR VENOUS THROMBOEMBOLISM
Established Risk Factors

The incidence of VTE is dependent on the prevalence of its associated
risk factors. A list including known important independent risk factors
for VTE is depicted in Table 50.1. Most of these risk factors are tran-
sient (e.g., hospitalization) or modifiable (e.g., obesity). It is important

TABLE 50.1 Independent Risk Factors for
Venous Thromboembolism
Risk Factor Relative Risk
Established
Age, per decade 2
Body mass index >30 kg/m? 2
Body mass index >40 kg/m? 3
Major surgery 20
Hospitalization for acute medical illness 5
Immobilization 2
Nursing home confinement 5
Trauma/fracture 5
Active cancer 15
Neurologic disease with leg paresis 6
Pregnancy or postpartum 4
Oral contraceptives 2-3
Postmenopausal oral hormones 2
Hereditary thrombophilia 2-12
Emerging
Elevated factor VIl or von Willebrand factor 4
Elevated D-dimer 4
Height (per 10 cm) 1.5
Chronic kidney disease 2
Venous insufficiency 2
Sickle cell trait 1.6
African American ethnicity vs. Caucasian 1.8
(in United States)

to consider that the impact of combinations of risk factors tends to be
at least additive and often multiplicative, such that the more factors
present, the higher the risk. A well-known example is the combination
of oral contraceptive pills (relative risk 2 to 3) and factor V Leiden (rel-
ative risk 4 to 7), which lead to a relative risk of 34 for VTE.
Hospitalization (due to acute medical illness or major surgery) is the
most important risk factor, with about 40% of all VTE occurring after
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hospital stay. The risk of VTE in hospitalized medically ill patients may
be stratified further based on a combination of additional risk factors
(e.g., age, obesity, previous VTE, or other co-morbid conditions). Risk
assessment models for predicting VTE have been derived for this high-
risk population, however the models are not fully validated so may not
be generalizable to all settings.'® Among surgical patients, who tend to
have higher risk than medical patients, the incidence of postoperative
VTE is greater in older patients (> 65 years old) and following certain
types of procedures (e.g., major orthopedic surgery, abdominal, or pel-
vic surgery)."” The total number of high-risk surgeries has been increas-
ing over time. For example, hip and knee arthroplasties have doubled
in the Netherlands between 1995 and 2010.” Given this increase in the
prevalence of high-risk procedures and the fact that about 40% of all
VTE occur during or shortly after hospitalization, there is a strong and
unmet potential to prevent events and reduce the burden of disease.
Secular trends in two risk factors in particular are also important to
consider in relation to VTE incidence in recent decades: the aging popu-
lation and the obesity epidemic. Age is a critical determinant of this dis-
ease. The incidence of VTE ranges from 1 in 10,000 annually in young
people, to 1 to 3 per 1000 in middle age, and nearly 1% per year in the very
old; essentially the incidence doubles with every decade of age. As such,
with the graying of the population, we could anticipate an increase in in-
cidence over time. The second key factor is obesity, which is associated
with a two- to threefold increased risk of VTE. Between 1990 and 2000,
the obesity prevalence in the United States rose from 10% to 25%. We can
calculate based on the change in population over this time that this factor
alone would lead to 32,500 more cases of VTE annually in the United
States. If the obesity rate had remained unchanged there would have been
21,000 events attributable to obesity in 2000 rather than an estimated
52,500 cases. Further, obesity seems to be more closely associated with PE
than DVT,"* so might relate to increases in PE diagnosis discussed above.
It can also be expected that the prevalence of cancer will increase in
the upcoming years."” Active cancer accounts for approximately 20% of
allincident VTE, and VTE is the second leading cause of death in this pa-
tient population. The risk of VTE is higher for patients with certain tumor
types (e.g., brain, stomach, pancreas) and those with metastatic disease.

Emerging Risk Factors

As shown in Table 50.1, emerging risk factors for VTE include taller
height, chronic kidney disease (CKD), sickle cell trait, elevated factor
VIII/von Willebrand factor, elevated D-dimer, and African American
ethnicity. While these factors are important risk factors, the clinical
role of considering these risk factors is uncertain since they have rarely
been incorporated into prediction scores for VTE. However, these risk
factors are generally persistent risk factors, so consideration and un-
derstanding is important, especially for researchers.

Of these risk factors, D-dimer is probably the most widely used
clinically, being present in risk prediction scores for cancer-related
VTE” and recurrent VTE among patients with unprovoked first
VTE.” While higher D-dimer is also strongly associated with risk of a
first VTE in the future in healthy people™ at this time there is no role
for testing for predicting first VTE. There are also strong associations
of coagulation factor VIII levels with first and recurrent VTE risk.”

Several studies investigated taller height or longer legs in relation
to VTE risk with a hypothesis that venous return is impaired in taller
people. More definitive data on height as a VTE risk factor was pub-
lished by Roetker and colleagues who reported that a genetic risk score
for taller height increased the risk of VTE, providing solid evidence of
a causal relationship between height and VTE risk.** This association
may be due to impaired venous return with taller height.

CKD has a global prevalence of 11% to 13%,” and increases the risk
of VTE about twofold, although it is not yet clear whether stage 0 CKD or

isolated albuminuria is related to risk.”**” Most of the association of CKD
with VTE can be explained by a higher factor VIII level in the presence of
CKD,” suggesting the mechanism might involve a procoagulant state or
endothelial dysfunction in CKD as the link. This suggests that interven-
tions to reduce procoagulation in CKD patients might be worthy of study.

About 8% of African Americans are carriers of the sickle cell trait, the
heterozygous form of sickle cell disease. Several studies have now docu-
mented that sickle cell trait increases VTE risk, especially PE, which is a
more fatal disease.”” This finding may play a role in the known disparity
in VTE affecting African Americans compared to whites in the United
States, a disparity that is also partly explained by obesity.”

Overall, the prevalence of a majority of VTE risk factors is increas-
ing over time and improvements in preventative strategies should hold
promise for avoiding a concurrent increase in the incidence of VTE
and its complications.

CLASSIFICATION OF VENOUS
THROMBOEMBOLISM

The diagnostic classification of VTE is critical to consider as it leads
directly to information on prognosis and on treatment duration. In
general, VTE is either provoked by an acquired risk factor or unpro-
voked.” Acquired risk factors can be transient (e.g., major surgery) or
persistent (e.g., metastatic carcinoma). VTE may be divided into un-
provoked (~50% of cases), provoked with transient risk factors (~25%
of cases), or provoked by persistent risk factors (~25% of cases).
Transient risk factors usually resolve after the VTE event (e.g., ma-
jor surgery, trauma, etc.) and can be divided into major and minor risk
factors. Patients with major and minor transient risk factors in the 2
to 3 months prior to VTE diagnosis, typically have a 50% lower recur-
rence risk than those with unprovoked VTE (Box 50.1). Patients with
VTE provoked by a major transient risk factor (e.g., major surgery)
are usually at very low risk of recurrent VTE after stopping treatment

BOX 50.1 Classification of Venous

Thromboembolism (VTE)

VTE Provoked by aTransient Risk Factor

Major risk factors (up to 3 months prior to VTE)

e Surgery with general anesthesia for greater than 30 minutes

e Confined to bed (“bathroom privileges”) for >3 days with acute illness
e (Cast immobilization

e (esarean section

Minor risk factors (up to 2 months prior to VTE)

e Surgery with general anesthesia for less than 30 minutes

e Admission to hospital for less than 3 days with an acute illness

e Estrogen therapy

® Pregnancy or puerperium

e Confined to bed out of haspital for less than 3 days with acute illness
e |eg injury associated with reduced mobility for at least 3 days

VTE Provoked by a Persistent Risk Factor
e Active cancer (ongoing treatment or metastatic/progressive disease)
e Neurologic disease with leg paresis

Unprovoked VTE
e Not in either of the above classifications

Modified from Kearon C, Ageno W, Cannegieter SC, et al.
Categorization of patients as having provoked or unprovoked venous
thromboembolism: guidance from the SSC of ISTH. J Thromb
Haemost. 2016;14(7):1480-1483.
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and short-term anticoagulation (3 months) is usually recommended.
Patients with VTE provoked by persistent risk factors (e.g., metastatic
cancer) are at high risk of recurrent VTE and extended treatment du-
ration is often warranted to minimize the risk of recurrence. Transient
risk factors may also fluctuate over time (e.g., inflammatory bowel dis-
ease) making it difficult to categorize and prognosticate the expected
VTE recurrence rate. Patients with transient risk factors that fluctuate
over time have a higher risk of recurrent VTE than those with truly
transient risk factors, but lower than those with persistent risk factors.
Guidelines recommend that clinicians tailor anticoagulation duration
based of the risk benefit ratio and patient preference.”

Unprovoked VTE is not associated with any identifiable acquired
risk factors (either transient or permanent) and can be considered a
chronic disease in many patients. The term “unprovoked” is preferred
over the previously used term “idiopathic” which suggests that there
is no identifiable reason for the VTE. Patients may have non-acquired
risk factors (e.g., hereditary thrombophilia) which do not qualify the
VTE as provoked and may influence the underlying risk of recurrent
VTE after stopping anticoagulation. Patients with unprovoked VTE
have an intermediate risk of recurrent VTE after stopping therapy and
need risk stratification and determination of patient preferences to
help clinicians decide on length of anticoagulation. Essentially all of
these patients are candidates for long-term anticoagulation, and con-
sultation with a clinician experienced in VTE care is advisable.

INCIDENTAL VENOUS THROMBOEMBOLISM

The most common setting for incidental VTE is in cancer patients.”'
Approximately 50% of all VTE diagnosed in cancer patients are in-
cidentally detected without any clinical suspicion of a symptomatic
event. The prevalence of incidental VTE varies widely (from 1% to
15%) depending on tumor type and stage and type of diagnostic test
used. Most incidental VTE are PE diagnosed on staging multi-detector
CT. Approximately 60% of all incidental PEs involve the main or lobar
pulmonary arteries and they are bilateral in about 30% of cases.” Small
studies have suggested that incidental PE may present with a lower
thrombotic burden when compared to symptomatic events.”> However,
these studies might have underestimated the actual embolic burden.

Data on the prevalence of incidental DVT of the extremities is
scarce. The reported prevalence is variable from < 1% to 7%.’" These
estimates likely underestimate the actual prevalence of asymptomatic
DVT in high-risk patients as imaging of the leg veins is not routinely
performed. A recent prospective study reported that 9% of cancer pa-
tients initiating chemotherapy had asymptomatic DVT detected when
screening lower extremity ultrasonography was performed.”

To consider treatment options for incidental VTE, prognosis must
be considered. The prognosis seems to be similar for patients with in-
cidental and symptomatic VTE.** A prospective cohort study reported
rates of recurrent VTE of 11% among cancer patients with incidental
VTE and 18% in those with symptomatic VTE.” The overall survival
was 71% in both groups. Therefore, current clinical practice guidelines
recommend treating incidental VTE using the same approach as symp-
tomatic VTE.™

CONCLUSION

An understanding of the epidemiology and trends over time in VTE
and its risk factors is important in considering diagnosis and manage-
ment of this often-chronic disease. Correct diagnosis and classification
are critical to designing treatment plans for patients since many pa-
tients are treated with long-term anticoagulants after a single event.
Established and emerging risk factors discussed above should be

considered by clinicians when they educate their patients. For exam-
ple, occurrence of VTE in an obese patient should be accompanied by
weight loss counseling. Proper interpretation of imaging findings has
important clinical implications, for example in consideration of SSPE
or incidental PE. The changing landscape of an individual’s risk with
aging and over time has implications for prevention as well.
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