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Abstract Aging is a major risk factor for venous thromboem-
bolism. Compared to the general population, the elderly have
a much higher 1-year mortality from venous thromboembo-
lism (VTE). Clinical presentation of VTE in the elderly tends
to be different, with atypical symptoms being more common
than in the general population. Diagnostic work-up starts with
establishing a VTE pretest probability followed by D-dimer
testing for patients with low pretest probability and confirma-
tory testing for patients with high pretest probability of VTE.
The age-adjusted D-dimer cutoffs are associated with a higher
specificity without compromising the test’s sensitivity.
Anticoagulation is the cornerstone of VTE therapy. The use
of novel oral anticoagulants is safe in elderly patients and is
associated with a decreased risk of bleeding.
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Abbreviations
VTE Venous thromboembolism
PE Pulmonary embolism
DVT Deep venous thrombosis
COPD Chronic obstructive pulmonary disease
CTA Computerized tomographic angiography
CIN Contrast-induced nephropathy
PTS Postthrombotic syndrome
VKA Vitamin K antagonists
LMWH Low-molecular-weight heparin
UFH Unfractionated heparin
INR International normalized ratio
NOAC Novel oral anticoagulant
ACCP American College of Chest Physicians
IVC Inferior vena cava

Introduction

Venous thromboembolism (VTE) constitutes a significant dis-
ease burden in the geriatric patient population, and its man-
agement in this group presents unique challenges. Advanced
age by itself is a major risk factor for VTE [1, 2]. The preva-
lence of pulmonary embolism (PE) increases progressively
from <12 % in patients younger than 40 years to 44 % in
patients older than 80 years [3]. Similarly, the risk of deep
venous thrombosis (DVT) increases by nearly 90 % between
15 and 80 years of age. This roughly amounts to an added
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relative risk for VTE of 1.9 for each 10-year increase in age
[4].

There are multiple mechanisms by which age increases the
risk of VTE. Physical decline and limited mobility with in-
creased age promotes venous stasis which in turn promotes
thrombosis [5]. Decreased muscle tone and weakening of ve-
nous valves in elderly also promote venous stasis [6]. In ad-
dition, aging alters endothelium, platelets, coagulation cas-
cade, and fibrinolytic pathways [7]. In particular, there is an
increase in the levels of fibrinogen and factors 7 and 8, in-
creased production of thromboxane A2 by the platelets, and
increased levels of plasminogen activator inhibitor [8, 9], all
of which result in a relatively more pro-thrombotic
environment.

In this already pro-thrombotic milieu, secondary factors
have been identified that further increase the risk of VTE.
These factors include hospital or nursing home confinement,
paresis, cancer, chemotherapy, and presence of central lines
and varicose veins [10]. If one of these risk factors is present in
a patient with VTE, VTE is called provoked. If no provoking
factors are identified, VTE is considered an idiopathic event.
Studies have found that with aging, the proportion of pro-
voked VTEs increases [11]. Hospitalization increases the risk
of developing VTE bymore than 100% [12]. The risk of VTE
is 20-fold higher in cancer patients than in the general popu-
lation [13], and in this patient population, it represents the
second most common cause of death [14]. One study in elder-
ly patients found that half of all of the patients diagnosed with
DVT had an underlying malignancy. Even more interestingly,
at a 2-year follow-up, elderly patients with DVT were 6.8
times more likely to be diagnosed with a neoplasm as com-
pared to elderly patients without DVT [15]. The increased risk
of thrombosis in cancer patients is likely mediated by elevated
levels of microparticle-associated tissue factor and
microparticle-associated epithelial mucin [16, 17]. While both
cancer and aging are independent risk factors for VTE, it is,
however, less clear if both of these have an additive affect
[18]. Surgery in general and orthopedic surgery in particular
are important risk factors for symptomatic VTE [19].
Liberman et al. found that the prevalence of proximal DVT
after hip fracture surgery among elderly patients was as high
as 6.1 %, despite thromboprophylaxis [20]. Other significant
VTE risk factors in patients older than 80 years of age include
chronic obstructive pulmonary disease (COPD), heart failure,
and immobilization [21].

Not only is VTEmore common in elderly patients, it is also
associated with worse outcomes [22]. A study found that
52.5 % of patients older than 65 years as compared to 44 %
of patients younger than 65 years had a severe PE defined as
pulmonary vascular obstruction (PVO) of more than 50 %
[23]. Mortality rates during VTE-related index hospitalization
and at 3 months are 12 and 17.4%, respectively [24, 25]. One-
year mortality from PE in patients older than 65 years is 39 %

[26], making it the third most common cardiovascular cause
of death after myocardial infarction and stroke [27]. VTE rep-
resents immediate cause of death in 10–20 % of all deaths in
geriatrics units [28, 29]. The most important risk factors for
mortality from PE are age greater than 70 years, congestive
heart failure, COPD, stroke, hypotension, tachypnea, and right
ventricular hypokinesis on echocardiogram [24, 27].

Despite the enormous risk of developing and dying from
VTE elderly patients face, VTE management presents unique
challenges in this age group. In this article, we review perti-
nent literature and discuss the clinical presentation, diagnosis,
prophylaxis, and management of VTE with specific focus on
geriatric population.

Clinical Presentation

Elderly patients with PE tend to present with atypical and non-
specific symptoms [30]. Dyspnea is the most common symp-
tom, while chest pain and hemoptysis are much less common
in patients older than 65 years [23]. In one study, chest pain
was present in 61 % of young patients with PE [31] but was
reported by only 27 % of PE patients older than 70 years [32].
Increased pain threshold in the elderly and decreased visceral
pain sensation have been cited as possible explanations for
decreased pain from PE in the elderly [33, 34]. Twenty-four
percent of patients with PE older than 65 years present with a
collapse as compared to only 3 % of patients younger than
65 years [34]. Another study found that older patients were
three times more likely to present with syncope as compared
to younger patients [23]. Cases of PE have also been reported
in the elderly presenting with delirium [35, 36], while in some
cases, PE was suspected based on sub-febrile temperatures
and sensory disturbances [37]. PE patients older than 65 years
are more likely to be hypoxic (oxygen saturation of <90 % on
room air) and cyanosed as compared to younger patients [34].
Elderly patients with PE are also more likely to have ECG
changes such as S1Q3T3, right bundle branch block, sinus
tachycardia, atrial fibrillation, and anterior T wave inversions
[34]. Given the atypical symptoms, it is hardly surprising that
PE can be easily missed in the elderly, with one postmortem
study reporting that a third of all PE cases in the elderly had
been missed antemortem [38].

Age also alters the presentation of DVT in the elderly.
Older patients with DVT are less likely to present with lower
extremity discomfort and difficulty ambulating as compared
to younger patients [39]. Many investigators have looked at
whether age alters the risk of postthrombotic syndrome (PTS)
after an acute episode of DVT. The results have been mixed
with some studies reporting no change in the risk of PTS with
age [40], while others reported a higher risk of PTS in patients
older than 50 years [41].
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Diagnosis

The work-up of suspected VTE starts with determining the
VTE pretest probability based on one of the scoring systems,
of which Wells Score and Revised Geneva Score are the most
commonly used ones [42, 43]. For suspected PE, patients with
low pretest probability get a D-dimer test as a screening tool
with a positive test prompting computerized tomographic an-
giography (CTA) for confirmation. Patients with a high pretest
probability of VTE directly proceed to CTA for confirmation
[44–46]. No further testing is required in patients with low
pretest probability and a negative D-dimer.

The diagnostic work-up for suspected DVT follows similar
principles. Patients are risk-stratified based on Wells Score.
Patients with low pretest probability are screened with a D-
dimer test, while patients with intermediate or high pretest
probability receive confirmatory testing with compression ul-
trasonography [47]. DVTcan be ruled out in patients with low
pretest probability of DVT and a negative D-dimer test, while
patients with low pretest probability and a positive D-dimer
require compression ultrasonography. Recently, PALLADIO
study investigators proposed a new algorithm for work-up of
suspected DVT [48••]. In this algorithm, a whole leg compres-
sion ultrasonography is suggested only for patients with both a
high pretest probability of DVT and an elevated D-dimer test.
For patients meeting only one of these two conditions (elevat-
ed D-dimer or a high pretest probability of DVT), a limited
proximal leg compression ultrasonography was found to be
sufficient to exclude DVT. However, this algorithm is yet to
be validated in elderly patients.

A unique challenge in the elderly is that D-dimer levels
increase with age; thereby, using the standard 500 ng/ml cutoff
for D-dimer will give a large number of false-positive screen-
ing tests in the elderly [3, 6, 49]. Righini et al. reported a
decrease in the specificity of D-dimer testing from 67 % for
younger patients than 40 to 10 % for patients older than
80 years [3]. Therefore, investigators have proposed using
age-adjusted D-dimer cutoffs when screening patients older
than 50 years. This cutoff is calculated by multiplying age
by 10 for patients older than 50 years [50]. ADJUST-PE was
the landmark study evaluating the age-adjusted D-dimer cut-
off [51••]. It was a prospective trial carried out at 19 centers
with a total of 3346 patients evaluated. The study included
337 patients with low pretest probability of PE and D-dimer
levels more than 500 ng/ml but less than their age-adjusted
cutoffs. These patients did not get CTA and were followed
clinically for 3 months. Only one out of these 337 patients
was subsequently found to have a PE. This translates into a
failure rate of 0.3 %. This failure rate is comparable to the
0.5 % failure rate that was reported by the Christopher Study
using the traditional 500 ng/ml cutoff [46]. Of note, over 300
CTAs were avoided without significant added risk of missing
clinically relevant PEs. Another study byWoller et al. reported

a failure rate of 1.5 % at 3 months of follow-up using the age-
adjusted D-dimer cutoffs [50]. Similar results were also ob-
tained by Scouten et al. in a meta-analysis of 13 cohorts [52•].
They reported that using the age-adjusted D-dimer cutoff, the
specificity of the test increased from 14.7 to 35.2 % for pa-
tients older than 80 years. Overall, they concluded that the
age-adjusted cutoffs missed additional 1–4/1000 cases of PE
but at the same time prevented 303–540/1000 additional
CTAs that would have been performed if the traditional cutoff
had been applied.

The age-adjusted D-dimer cutoffs have also been studied in
suspected DVTcases and have been found to be able to safely
exclude clinically significant DVT [53]. Zhang et al. reported
that the specificity of D-dimer testing for the diagnosis of
DVT in elderly increased by 20 % when age-adjusted cutoffs
were used [54•].

Limiting the number of CTAs performed by using the age-
adjusted D-dimer cutoffs is especially desirable since it re-
duces the incidence of contrast-induced nephropathy (CIN)
associated with the intravenous contrast used in PE protocol.
Mitchell et al. reported a 14 % risk of CIN after the CTA [55].
Age over 75 years is considered an independent risk factor for
developing CIN [56]. Conversely, renal failure is also one of
the contraindications for performing CTA. In one series of
patients with suspected PE, Kreidy et al. reported that
36.8 % patients had an elevated creatinine that precluded the
use of CTA, whereas 28% patients had Alzheimer’s disease or
some other condition that made it impossible for them to com-
ply with the instructions for CT angiography [57]. In clinical
practice, some of the patients who have a contraindication to
confirmatory testing may be committed to empiric
anticoagulation. However, using the age-adjusted D-dimer
cutoffs can safely rule out VTE in a greater proportion of
patients without undertaking CTA.

Since over 90 % of PEs originate in the lower extremity
veins [58], some authors have recommended lower extremity
ultrasounds as first-line tests for suspected PE [57, 59]. The
yield of lower extremity ultrasound in suspected PE is higher
in the presence of lower extremity edema. Eze at al. studied
geriatric patients with suspected PE and reported a yield of
40 % for lower extremity ultrasound, in the presence of uni-
lateral lower extremity symptoms [59]. This practice has not
been widely adopted yet, but it may be a useful adjunct in
evaluation of patients with suspected VTE, D-dimer levels
higher than the age appropriate cutoff, and a contraindication
to CTA.

Prophylaxis

Despite the overwhelming evidence of enormousVTE disease
burden in geriatric patients, VTE prophylaxis even if clearly
indicated is less than ideal. One study reported that 34.8 % of
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acutely ill, hospitalized elderly patients who should have been
on VTE prophylaxis were not receiving it [60]. Bratzler et al.
reported that only 39 % of high-risk surgical elderly patients
were on VTE prophylaxis [61]. Perhaps, the main reason for
the underuse of VTE prophylaxis in this patient population is
the fear of bleeding [62]. Another reason for the underuse of
prophylaxis seems to be the fact that physicians underestimate
the risk of VTE in medical patients [63].

Low-molecular-weight heparin (LMWH), unfractionated
heparin (UFH), and fondaparinux have all been extensively
studied for VTE prophylaxis in the elderly. Alikhan et al. and
Dahan et al. studied enoxaparin for VTE prophylaxis in acute-
ly ill, non-surgical elderly patients and reported VTE risk of
4.1 and 3.0 %, respectively. The VTE risk in these two studies,
without prophylaxis, was 18.5 and 9.1 %, respectively [64,
65]. Bergmann et al. performed a randomized controlled trial
comparing enoxaparin and UFH for VTE prophylaxis in el-
derly, acutely ill medical patients and reported a VTE risk of
4.8 and 4.6 % in the enoxaparin and UFH groups, respectively
[66]. Major bleeding was reported in 0.9 and 1.8 % of the
patients in the enoxaparin and UFH groups, respectively.
Similarly, an approximately 50 % decrease in bleeding com-
plications with LMWH as compared to UFH has been report-
ed by other authors [67]. Dalteparin and bemiparin have also
been studied for VTE prophylaxis, and the results have been
similar to enoxaparin [68, 69]. Cohen et al. studied
fondaparinux for VTE prophylaxis in acutely ill elderly pa-
tients and found that the VTE risk was almost halved as com-
pared to placebo without any additional bleeding risk [70].

Treatment

Anticoagulation poses various challenges in the elderly pa-
tients. Some of these challenges are general, and some are
specific to certain drug classes. One of the general problems
is the fact that many of the elderly patients with VTEmight be
on one or more antiplatelet agents for other indications, which
increases the risk of bleeding and calls for closer monitoring
[71]. In addition, with aging, there is a gradual decline in the
renal function [72], which mandates dose adjustments and
closer monitoring with most anticoagulants. Lastly, elderly
patients are at an increased fall risk [73], which constitutes
an important part of risk benefit equation when considering
anticoagulation in these patients.

For many years, the mainstay of treatment for VTE has
been warfarin therapy, initially accompanied by heparin until
therapeutic international normalized ratio (INR) has been
achieved [74]. Levine et al. compared LMWH and UFH for
acute VTE and found that the rates of recurrence were 5.3 and
6.7 %, respectively. However, most strikingly, while patients
treated with LMWH spent a mean of 1.1 (±SD2.9) days in the
hospital, the patients treated with UFH spent a mean of 6.5

(±SD3.4) days as inpatients [75]. Almost half of the patients
treated with LMWH in this study were believed to be stable
enough to be treated in an ambulatory setting, without the
need for hospital admission. Spyropoulos et al. compared
the treatment with UFH and LMWH and concluded that treat-
ment with LMWHwas associated with a cost saving of $2583
per patient as compared to treatment with UFH [76]. This cost
saving was primarily attributed to the outpatient-based man-
agement with LMWH.

Given its low cost, ease of administration, and physician
familiarity, warfarin has been the standard anticoagulant for
long-term VTE management [63]. However, warfarin use in
the elderly may be challenging. Firstly, long-term warfarin use
requires frequent INR checks and dose adjustments [77]; this
is cumbersome for anyone but more so for the elderly.
Secondly, warfarin has extensive food and drug interactions,
which means that both patients and physicians have to exer-
cise extreme caution to avoid potential interactions [78].
Thirdly, INRs are difficult to control in the elderly. Vogel et
al. prospectively followed 110 patients older than 65 years
taking vitamin K antagonists (VKA) and found that only
31 % patients had INR within the target range of 2–3 [79].
Fourthly, age by itself is an independent risk factor for bleed-
ing with VKAs [80, 81]. Van der Meer et al. reported that for
each 10-year increase in age, the risk of bleeding increases by
32 % and the risk of major bleeding increases by 46 % [82].

Given the above challenges, recently novel oral anticoagu-
lants (NOACs) such as rivaroxaban, apixiban, and dabigatran
have been studied in the very elderly (age >75 years) [83••].
Even though some initial reports suggested a heightened
bleeding risk with dabigatran in the elderly [84–86], a recent
meta-analysis showed that NOACs did not have a higher
bleeding risk as compared to conventional therapy [83••].
For rivaroxaban, this meta-analysis included elderly patients
from the EINSTEIN (2010), EINSTEIN-EXTENSION
(2012), and EINSTEIN-PE and MAGELLAN (2013) trials
[87–89]. The total number of events (VTE or VTE-related
deaths) in the rivaroxaban group was 76 compared to 136 in
the control group with an odds ratio (OR) of 0.55 (95 % CI
0.35–0.87) [83••]. Analysis of elderly patients from the
AMPLIFY-EXT (2013) trial showed 99 events in the apixiban
group as compared to 175 events in the control group with an
OR of 0.49 (95 % CI 0.22–1.10) [83••, 90]. Lastly, analysis of
elderly patients from the RE-MEDY (2013) trial revealed no
events in both the dabigatran and the warfarin (control) groups
[83••, 91]. Recently, the American College of Chest
Physicians (ACCP) updated their antithrombotic guidelines
as well and recommended the use of NOACs over VKAs for
initial and long-term management of VTE patients without
cancer [92••]. Data regarding the use of NOACs in cancer-
related VTE is less convincing [93].

In the event of a massive PE complicated by hemodynamic
instability with no significant improvement with routine
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anticoagulation, thrombolytic therapy may be considered
[94]. However, the outcomes of treatment with thrombolytics
for massive PE in the elderly patients have not been favorable.
De Bonis et al. evaluated elderly patients (>65 years) who had
massive PEs and were given thrombolysis. In-hospital mortal-
ity was 13.4 %, while 32.7 % patients died during follow-up
[95]. They found elevated troponin levels, thrombocytopenia
after thrombolysis, and history of cancer and cardiovascular
disease to be significant predictors of mortality.

While the medical management and anticoagulation
recommendations are similar for both PE and DVT,
one management aspect that is unique to DVT patients
is the issue of compression stockings. The literature
regarding the utility of compression stockings in DVT
patients for the prevention of PTS is conflicting. While
some trials have reported that compression stockings
can reduce the risk of PTS after DVT by about 50 %,
other trials have not been able to demonstrate any sig-
nificant benefit [96]. Given this conflicting data, ACCP
recently recommended against the use of compression
stockings for the prevention of PTS [92••]. However,
once the diagnosis of PTS has been established, com-
pression stockings are the mainstay for its treatment [97,
98].

Inferior vena cava (IVC) filters have also been evaluated
for long-term prevention of PE, but they have not been shown
to reduce mortality or recurrent symptomatic VTEs [99•]. In
addition, they have been associated with a complication rate
of 29 % [100]. Therefore, 2012 ACCP guidelines recom-
mended using the IVC filters only in patients with acute
DVT who cannot tolerate anticoagulation because of active
bleeding or increased risk of bleeding.

Conclusion

VTE constitutes a significant disease burden in the el-
derly. Not only is it more prevalent but also is associ-
ated with worse clinical outcomes in this patient popu-
lation. Awareness of the atypical presenting features of
VTE in the elderly patients can assist clinicians in
prompt diagnosis and timely initiation of treatment.
For patients with low pretest probability of VTE, the
use of age-adjusted D-dimer cutoffs can decrease the
use of confirmatory testing (CTA or compression ultra-
sonography), without significant adverse patient-related
outcomes (i.e., increased risk of missing a true VTE).
NOACs are safe and effective in elderly patients for
treatment of non-cancer-related VTE. The data is less
convincing for cancer-related VTE. Future trials are
needed comparing NOACs to LMWH for the long-
term treatment of cancer-related VTE. Given the high
prevalence of malignancy in the elderly patients, this

patient population should be well represented in such
trials.
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