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Thromboembolic disease: a geriatric
syndrome

Flavia Galdi, Claudio Pedone, Raffaele Antonelli Incalzi
Geriatric Area, Universita Campus Bio-Medico, Rome, Italy

The incidence of thrombotic cardiovascular disease increases with age.
Several potential reasons can explain the association between thrombosis
risk and age, such as the high prevalence of predisposing illnesses among
older people and age-related changes in hemostasis pathways, including
endothelial dysfunction, alterations in platelet function, coagulation and
fibrinolytic factors, that contribute to create a hypercoagulability of the
blood. Furthermore, some components of this procoagulant status may
also support the inflammatory processes that characterize advancing age,
promoting an increased risk of a thrombo-inflammatory disease. However,
despite the increased thrombotic risk make the older patient a theoretical
target for anticoagulant therapy, the concomitant risk of major bleeding
make the use of this drugs problematic, with consequent underuse.

This review summarizes the physiological changes of hemostasis path-
ways in older people in the context of thromboembolic disease as a
geriatric syndrome. The balance between thrombotic and hemorrhagic
risk and therefore the therapeutic efficacy of anticoagulant medications
are also discussed.

Key words: thrombosis, aging, inflammaging, hypercoagulability,
thromboprophylaxis

EPIDEMIOLOGY

The incidence of thrombotic cardiovascular disease (including ischemic heart
disease, peripheral vascular disease, stroke and venous thromboembolism
[VTE]) increases with age . The average age at first myocardial infarction
is 65.6 years for males and 72.0 years for females 2, and coronary artery
disease (CAD) is the principal cause of death in adults aged 75 and older,
with more than 80% of all CAD-related deaths occurring in this population ©.
In addition, approximately 50% of all strokes occurring in people over age
75 4. The incidence of a first VTE episode, including deep vein thrombosis
and pulmonary embolism, increases from < 1 case per 1000 person-years
in persons aged < 50 years to 6-8 per 1000 person-years in persons aged
> 80 years Sand data on mortality are limited. In particular, pulmonary embo-
lism (PE) represents an increasing proportion of the manifestations of VTE,
with an incidence that increases from 120 in 100,000 persons per year in
the 65 to 69 years age group to more than 700 in 100,000 subjects per
year in the 85 years and older group ©. The prognosis of the VTE is very
poor in older patients with an overall 30-day mortality that increases from
4% in patients aged < 65 years to 11% in patients aged > 65 years and
remains higher after one year (14% vs 31%) 7. In the first 3 months following
VTE, the most common causes of death in older subjects are cancer (38%),
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pulmonary embolism (26%), infections (13%) and bleed-
ing complications (6%) ©.

There are several potential explanations for this asso-
ciation between thrombosis risk and age, first of all the
common occurrence of predisposing illnesses among
older people. Moreover, the risk factors for arterial and
venous thromboembolism are more prevalent in older
subjects ® and they can be distinguished in modifiable
and/or temporary risk factors and non-modifiable risk
factors ° (Tab. I). In addition to the increased level of
several plasma components, age-related endothe-
lial dysfunction and alterations in platelet function may
contribute to the increased risk of VTE in the elderly °.
The aim of this review is to summarize the physiological
changes of hemostasis pathways in older people in the
context of thromboembolic disease as a geriatric syndrome.
In the light of these data, the balance between thrombotic
and hemorrhagic risk and therefore the therapeutic efficacy
of antithrombotic medications are also discussed.

HEMOSTASIS PATHWAYS AND AGING

There are two main components of hemostasis: pri-
mary hemostasis, that refers to platelet aggregation
and platelet plug formation, and secondary hemostasis,
that refers to the deposition of insoluble fibrin, which
is generated by the proteolytic coagulation cascade.
These two processes happen simultaneously and are
mechanistically intertwined.

Platelets are activated in a multifaceted process, and
as a result they adhere to the site of injury and to each
other, promoting a developing platelet thrombus. This
platelet plug is also stabilized by deposition of insoluble
fibrin generated by the coagulation cascade.

When the vascular system is injured tissue factor (TF), a
transmembrane glycoprotein, functions as the principal

Table I. Arterial and venous thromboembolism risk factors.

Modifiable and/or Non-modifiable risk factors
temporary risk factors
Obesity Age

Elevated homocysteine Genetic factors such as a deficiency
of endogenous anticoagulants
(antithrombin, protein C and S)

Increased concentration of procoagulant

proteins (fibrinogen, factors V, VII, VIII, IX,

XII, D-dimer, VWF, thrombin)

Hospitalization

Cancer
Surgery
Trauma
Immobilization
Travel

initiator of the coagulation cascade. TF activates factor
Vlla creating an enzymatic complex that activate factor
X and factor IX. Factor Xa also activates factor X, in the
presence of its cofactor factor Vllla. Factor Xa, also in
the presence of its cofactor factor Va, then activates
prothrombin to generate thrombin (lla) that cleaves
soluble fibrinogen to generate insoluble fibrin that forms
a crosslinked fibrin mesh at the site of an injury. Fibrin
generation occurs simultaneously to platelet aggrega-
tion. Thrombin also plays an important role in down
regulation of the coagulation cascade by binding to
thrombomodulin on endothelial cells and then activating
protein C (APC). The activated protein C anticoagulant
system, with the cofactor protein S, is important for the
down regulation of the coagulation cascade, inactivating
the procoagulant cofactors Vllla and Va. The coagulation
cascade is also down-regulated by other physiological
inhibitors of blood coagulation: antithrombin, that inhibits
thrombin and factor Xa as well as factor IXa and factor
Xla; heparin cofactor Il (thrombin inhibitor) and tissue fac-
tor pathway inhibitor (TFPI), that inhibits factor Xa.

The fibrinolytic system acts to dissolve and remove the
clot formed from the injured tissue. The end product of
this pathway, plasmin, is a potent enzyme that cleaves
fiorin and this generates fibrin degradation products
(FDPs), including D-dimer .

The main age-related changes of the vascular system
can be considered within the context of the classic Vir-
chow triad (abnormal vessel wall, abnormal blood flow,
and abnormal blood constituents). In addition, there are
several changes in the hemostatic system, including
coagulation and fibrinolytic factors 2, that contribute
to create a hypercoagulability of the blood with an in-
creased incidence of thrombosis in the older people.
Furthermore, while changes in hemostasis pathways
commonly occur in the general population with aging,
some components of this procoagulant status may also
support the inflammatory processes that characterize
advancing age, since markers such as factor VIII and
fibrinogen, are acute-phase proteins the plasma con-
centrations of many coagulation factors (e.g., fibrino-
gen, factor [F] V, FVII, FVIII, and FIX (Fig. 1).

INFLAMMATION, THROMBOSIS AND AGING

Older people are frequently affected by multiple
morbidities that are established prothrombotic risk
factors, such as congestive heart failure, chronic ob-
structive disease, diabetes, cancer, chronic venous
insufficiency '*. Advanced age is also associated with
an increase of inflammatory state that may be an-
other important stimulus for thrombus formation, but
the causal pathways and molecular mechanisms that



Thromboembolic disease: a geriatric syndrome

Figure 1 Age-related changes in hemostasis pathway.

connect inflammaging and chronic diseases are not
well understood. Two major hypotheses concerning
the involvement of chronic inflammation in aging have
been proposed: molecular inflammation and inflam-
maging 5. The molecular inflammation hypothesis is
based on molecular changes in inflammation-related
transcription factors and in the expression levels of their
target genes. The hypothesis states that these changes
are the mechanism underlying the aging process and
age-related diseases '®'7. Prolonged oxidative stress
and compromised antioxidant defense systems during
aging are blamed for increased reactive species (RS),
including reactive oxygen species (ROS), reactive ni-
trogen species (RNS), and reactive lipid aldehydes 1@,
Although young organisms have a well-functioning
antioxidant system to maintain redox balance, the
age-related decline in the anti-oxidant defense leads to
failure to maintain redox homeostasis, with activation
of various proinflammatory signaling pathways. The
Inflammaging hypothesis is based on the commonly
observed age-associated increase in pro-inflammatory
cytokines . This concept states that activation of the
innate immune system in older individuals leads to a
dysregulation in inflammation that impairs the ability to
initiate an efficient innate and adaptive immune program
in responses to antigens or environmental stimuli 2.

According to this hypothesis, these alterations in the
immune system contribute to the development of overt
organ-specific inflammatory diseases such as athero-
sclerosis, hypercoagulability, Alzheimer’s disease, and
diabetes 2. Clinically, inflammaging is characterized by
increased blood levels of several inflammatory biomark-
ers, including c-reactive protein (CRP), IL-6, IL-18 and
tumor necrosis factor-a. (TNF-a). In particular, IL-6 is a
critical factor in the acute phase of inflammation and
also upregulates the synthesis of hemostatic factors,
such as fibrinogen 2. IL-6 may also directly activate
platelets, leading to platelet aggregation with a faster
thrombus formation 23,

Another element that may promote thrombo-inflam-
matory responses is an amplified platelet-monocyte
interactions due to monocyte phenotype and func-
tion that are different in older adults than in younger
adults 2. In healthy individuals, about 95% of circulating
monocytes display the cell surface antigen CD14 and,
the remining smaller fraction of monocytes express
CD16, with a pattern CD14high/CD16low. It has been
demonstrated that acute systemic inflammation 2, but
also aging, are associated with a shift toward proin-
flammatory monocytes pattern CD14low/CD16high 24
For example, Seidler at al. showed in a cohort of 181
healthy adults aged 18 to 88, that pattern of CD14low/
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CD16high monocyte counts increased with age and
demonstrated altered surface protein and chemokine
receptor expression 26, Also Sadeghi et al. showed in a
smaller study of nursing home residents that CD14low/
CD16high monocytes produced higher levels of proin-
flammatory cytokines #’.

CHANGES IN VASCULAR SYSTEM AND
PLATELETS

The peculiar aspects that characterize the aging of the
vascular system include changes in the microcircula-
tion, loss of vein structural integrity, stiffness and dilation
of the arteries due to the degeneration of elastic fibers
and the increase in collagen content 28 and gradual de-
velopment of endothelial dysfunction. All these changes
can increase the risk for thrombosis in older people.
The aged blood vessels also express less endothelial
nitric oxide (NO) synthase 2°, resulting in less NO pro-
duction *°. Decreased NO production may contribute to
increased platelet activation and arterial thrombosis '
as well as enhanced atherogenesis .

Age-related changes in platelet count and function have
also been documented. Comparing platelet count of a
large population of older people with that of children,
Balduini et al. 3 showed a reduction of 35% in males
and 25% in females. A correlation between platelet
count and age was also found in a large study includ-
ing 12.142 American subjects showing an average de-
crease of 7x10® platelets/uL and of 18x10° platelets/uL
in individuals in the 60-69 year age group and 69 to 90
years, respectively, compared with those in the 20-59
years age group 4. This phenomenon of age-related
changes in platelet count has no explanation yet. It has
been suggested a reduction of stem cell reserve in older
people or a survival advantage of subject with lower
platelet count in reaching older age %. In contrast, with
advancing age there is a platelet hyperactivity: bleeding
time, a measure of platelet aggregation responses, de-
creases significantly denoting a greater aggregation with
a faster thrombus formation . The mechanisms of this
age-related platelet hyperactivity is unclear. Bastyr et al.
have tested the hypothesis that the increase of platelet
activity with age can be associated with a higher content
of platelet phosphoalipids, suggesting an age-related al-
teration in platelet transmembrane signaling or second
messenger accumulation 6. Markers of platelet activa-
tion, p-thromboglobulin (a protein stored in platelet a
granules) and platelet factor 4 (a key platelet receptor),
are significantly elevated in older compared with younger
people ¥. Furthermore, with advancing age there is a
progressive decline of glutathione peroxidase-3 (GPx3),
an antioxidant enzyme, contributing to vascular damage

and endothelial disfunction . It has been shown that a
deficiency of GPx3, increases platelet activation with a
consequent high risk of thrombotic events 940,
Moreover, with advancing age platelets are less sus-
ceptible to inhibition by prostacyclin and have reduced
surface prostacyclin receptors density 2. Thus, altered
activity of platelets contribute to increase the risk of
thrombotic disorders in older subjects.

CHANGES IN PROCOAGULANT,
ANTICOAGULANT AND FIBRINOLYTIC SYSTEM
PROTEINS

Plasma concentrations of several coagulation proteins,
including fibrinogen, factors V, VII, VIII, IX and Xll, in-
crease with advancing aging *°. In contrast, concentra-
tions of FX and prothrombin do not change significantly
throughout the lifetime 41

Elevated levels of fibrinogen have been described as
a recognized risk factor for thrombotic disorders “?,
even if the mechanism by which fibrinogen contribute
to increase cardiovascular risk have not been eluci-
dated. In particular, fibrinogen levels have been shown
to increase with age. Kannel et al. demonstrated in
the Framingham study that the mean plasma level of
fibrinogen increased from about 280 mg/dL in individu-
als aged 47-54 years to over 300 mg/dL in individuals
aged 65-79 years *. In a population study, people aged
53-64 years showed significantly higher levels (300 mg/
dL) than subjects 20 years old (250 mg/dL) 3. Thus, an
increment of plasma fibrinogen level by 10 mg/dL for
each decade can be expected in healthy subjects 3.
Factor VIII progressively increase with age, reaching a
mean of over 200 U/dL in the seventh decade of life 4, and
it is associated with an approximately fivefold increased
risk of venous thrombosis when exceeding 150 U/dL #°.
Ofosu et al. demonstrated age-related changes in FVII
proteolysis in normal individuals with a consequent
increase in the concentrations of activated FVII, FVII zy-
mogen, total FVII-related proteins, tissue factor pathway
inhibitor (TFPI), and prothrombin fragments 1 + 2 %,
Thus, the authors hypothesized that these could lead to
increased thrombin generation in vivo, with a possible
explanation of the high thrombotic risk in older people.
Furthermore, FVII has been described as an important
risk factor for cardiovascular events in the Prospective
Cardiovascular Munster study 47, in particular when
associated with additional cardiovascular risk factors,
such as smoking, myocardial infarction events in fam-
ily, angina pectoris, high levels of fibrinogen, total cho-
lesterol, LDL cholesterol, and triglycerides, and a low
level of HDL cholesterol. In contrast, the Cardiovascular
Health Study (CHS), which analyzes 5888 white and
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African American men and women aged > 65 years,
found an association with cardiovascular events for
high levels of fibrinogen and FVIII, but not of FVII. It
is likely that methodological differences between the
studies might explain this discrepancy “8.

Among prothrombotic factors, it has been found that
also levels of von Willebrand factor (VWF) increases
with aging contributing to higher incidence of throm-
boembolic disease in older people . Moreover, it has
been showed that ADAMTS13, a metalloproteinase
that cleaves VWF preventing its accumulation, does
not increase in a parallel fashion, with a consequent ad-
ditional shift toward the prothrombotic state °.

As far as anticoagulant factors are concerned, the
available evidences about their changes with age are
contrasting. Favaloro et al. showed small but significant
age-related increases in protein C activity, and in total
and free protein S, but also a reduction in plasma con-
centration of antithrombin . In contrast, Bauer et al
found no change in antithrombin and protein C levels
with aging in men aged 21 to 81 years °'.

With respect to the fibrinolytic system, it has been de-
scribed a reduction in plasminogen levels in subjects
aged 75 years or older ®2, but another study reported
that plasminogen levels decreased slightly with age
in women but not in men %. In contrast, plasminogen
activator inhibitor (PAl)-1, which is the major inhibitor of
fibrinolysis, increased with advancing age . In particular,
PAI-1 is an acute phase reactant influenced by several
cytokines, including IL-6, TNF-a, TGF-p and hormones,
and its expression is related to stress-induced thrombo-
sis in older people. Indeed, Yamamoto et al. demonstrate
in aged mice that stress causes a thrombotic tendency
in an age-associated manner, and this result correlates
with the large induction of PAI-1 expression 5.

THE PARADOX OF HYPERCOAGULABILITY IN
OLDER POPULATION

While being at first glance a detrimental effect of ag-
ing, age-related changes in the coagulation system
may also have beneficial and compensatory effects,
such as against tumor growth and metastasis 6. In
fact, several coagulation products act as inhibitors of
angiogenesis %56, These include domain 5 of high-mo-
lecular-weight kininogen, a cleaved form of antithrombin,
prothrombin fragment 1+2 (F1+2), and angiostatin, a de-
rivative of plasminogen. Platelet products, including PF4,
PAI-1, and thrombospondin-1, are also inhibitors of an-
giogenesis . Thus, a higher propensity for thrombosis,
although potentially detrimental in patients with athero-
sclerosis, may confer a survival advantage by inhibiting
tumor-associated angiogenesis in the elderly population.

THROMBOPROPHYLAXIS AND RISK OF
BLEEDING IN OLDER POPULATION

The increased thrombotic risk make the older patient a
theoretical target for anticoagulant therapy, but the con-
comitant risk of major bleeding (intracranial bleeding or
fatal hemorrhages) make the use of this drugs problem-
atic, with consequent underuse °’. Older patients who
take anticoagulants have an almost 2-fold increased
risk of anticoagulation-related major and clinically rel-
evant non-major bleeding than younger patients °, pos-
sibly due to the higher prevalence of concomitant dis-
eases, drug interactions, and age-related conditions.
The multicenter, prospective Registro Informatizado de
Enfermedad TromboEmbdlica (RIETE) showed an in-
creased rate of bleeding during anticoagulation therapy
in patients aged > 80 years old with acute VTE followed
for at least three months after diagnosis compared to
younger patients %8. Vasco et al. %° described that in
a subgroup of 610 people aged > 90 years from the
same RIETE registry, 4.9% had major bleeding com-
plications, more than half fatal. Finally, the Worcester
Venous Thromboembolism Study showed increased
incidence rates of major bleedings in patients aged
> 65 years versus those < 65 years (9.2 and 4.8%, re-
spectively) at 30 days after an acute episode of VTE. At
1 year, these proportions increased to 13.2 and 6.6% in
older and younger people, respectively, with more than
50% of all major bleeding episodes occurring within 1
month of VTE diagnosis 7. Nevertheless, also the ben-
efits in administering anticoagulants are increased in
consideration of the high propensity of older subjects
to hypercoagulability with a consequent higher risk of
thrombosis. Thus, anticoagulants should be adminis-
tered when indicated, such as prevention from stroke
in older patients with atrial fibrillation (AF) or prevention
of VTE expansion and recurrence in particular in older
people with reduced mobility.

A further complication in using anticoagulation in older
patients come from the fact that this population is
underrepresented in many clinical trials of TE and of
anticoagulant therapy " due to co-morbid conditions,
short life expectancy, long-term immaobility or contrain-
dications to therapy . As a consequence, treatment
regimens derived from the results from clinical trials
might not be optimal for older patients.

One of the most common indications to anticoagulants
is atrial fibrillation (AF) in order to prevent stroke, since
patients with AF have a 5-fold higher risk of ischemic
stroke compared to healthy subjects, and the rate of
thromboembolic events is substantially higher in the
older people ®'. An effective stroke prevention requires
long-term use of oral anticoagulant with vitamin K an-
tagonists (VKASs) or direct oral anticoagulants (DOACS)
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and this evidence comes from randomized controlled
trials (RCTs) demonstrating that warfarin reduces
stroke/systemic embolism by 67%, ischemic stroke by
65%, and all-cause mortality by 26% compared with
placebo or control 2. This evidence has also been
confirmed in the BAFTA trial, which specifically inves-
tigated older patients with AF > 75 years, randomized
to warfarin or aspirin 75 mg, and showed that warfarin
significantly reduced thromboembolism by > 50%, with
no significant difference between warfarin and aspirin
for major bleeding or intracranial bleeding . None-
theless, few studies including very old subjects are
available. Chao et al. investigated the risk of ischemic
stroke and intracranial hemorrhage (ICH) and the net
clinical benefit of oral anticoagulant treatment for very
old patients with AF (> 90 years of age), demonstrat-
ing that antiplatelet agents were ineffective for stroke
prevention and were not safer than no antithrombotic
therapy; warfarin was associated with a positive net
clinical benefit when compared to no antithrombotic
therapy or antiplatelet drugs. Moreover, compared with
warfarin, DOACs were associated with a lower risk of
ICH, with no difference in risk of ischemic stroke . DO-
ACs (apixaban, dabigatran, edoxaban and rivaroxaban)
showed an improved risk-benefit profile in non-valvular
AF patients as demonstrated by the lower incidence of
stroke, intracranial hemorrhage, and death compared
to warfarin . These agents are currently considered an
alternative for VKAs to prevent stroke in patients with
AF and have emerged as the preferred choice, partic-
ularly in patients newly started on anticoagulation .
Additional evidence of efficacy and safety of DOACs
came from a meta-analysis including 22 studies en-
rolling 440,281 AF patients > 75 years that showed a
reduction of the risk of stroke and systemic embolism
compared to VKAs, although a comparable global inci-
dence of major bleedings. In particular, DOACs reduced
the rate of intracranial bleeding and hemorrhagic stroke
events compared to VKAs, but increased the rate of
Gl bleedings, particularly rivaroxaban and dabigatran €.
Finally, a greater benefit of DOACs over VKA therapy
has been found in subgroup analyses in subjects aged
over 75 years, in patients with renal insufficiency (cre-
atinine clearance 30-50 mL/min) and in those with a
history of falls .

As far as VTE is concerned, all older patients with
acute VTE and without any absolute contraindication
to anticoagulation should receive active anticoagulant
treatment as soon as diagnosis has been made, and
even before in case of high clinical probability %8. This
is important to prevent VTE expansion and recurrence.
According to the new acute pulmonary embolism (PE)
guidelines, the anticoagulant therapy should last no less
than 3 months with the recommendation of an indefinite

duration of treatment for patients presenting with recur-
rent VTE . Once again, these indications are based on
evidence coming from clinical trials not including older
patients; thus, selection of the optimal antithrombotic
agent, its dose, and duration of treatment is particu-
larly difficult in this population. Anyway, during the last
decade, DOACs have taken the place of VKAs in acute
and long-term VTE treatment due to the convenience of
administration and an excellent dose-response relation-
ship without the need for monitoring or frequent dose
adjustments 7°. Indeed, the few reviews examining
study evidence on DOACs compared to VKAs for VTE
treatment in patients > 75 years of age have demon-
strated better efficacy and safety of DOACs over VKAS,
with no increase in the risk of bleeding 72

It must be noted that individual DOAC may have dif-
ferent profiles with respect to both effectiveness
and safety. In the AMPLIFY study, apixaban (10 mg
twice daily for seven days, then 5 mg twice daily for
six months) was non inferior to warfarin bridged with
enoxaparin in reduction of VTE in both the older and
total patient population 73. The RE-COVER |l trial found
that dabigatran 150 mg twice daily was non inferior to
warfarin, in reducing the risk of recurrent VTE in the
older population ™. The Hokusai-VTE study, comparing
edoxaban to warfarin, observed a significant reduction
in risk of VTE compared with warfarin in the older pa-
tient population 75. In the EINSTEIN-DVT and PE trials
rivaroxaban (15 mg twice daily for three weeks, then
20 mg once daily) was non inferior to warfarin bridged
with enoxaparin in the reduction of VTE in both elderly
populations and in the total patient population 76. Finally,
in a meta-analysis of AF randomized controlled trials,
DOACs reduced the risk of stroke or systemic throm-
boembolism by 19% compared with warfarin, largely
due to a markedly lower rate of hemorrhagic stroke and
intracranial bleeding (ICB) . As far as safety profiles
concerned, it has been shown a significant reduction in
risk of major bleeding for older patients taking apixaban
or rivaroxaban compared to warfarin 378, In contrast,
there was a non-significant difference in major bleeding
for dabrigatran and edoxaban compared with warfarin
in the older and in the total patient population 77, In
addition to these studies, very few real world studies
have been conducted to compare the safety and effec-
tiveness between DOACs focusing on very old patients.
Deitelzweig et al. showed in a retrospective observa-
tional study of 88 582 very old patients (aged > 80y)
with non-valvular AF that apixaban was associated with
a lower risk of stroke/systemic embolism (SE), major
bleeding (MB) and all cause mortality compared with
dabigatran and rivaroxaban 7. A significant increase in
the risk of gastrointestinal (Gl) bleeding was observed
in two randomized ftrials evaluating dabigatran and
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rivaroxaban in AF patients: in the RE-LY trial the authors
showed that dabigatran 150 mg bid (but not dabigatran
110 mg bid) was significantly associated with increased
risk of major Gl bleeding compared with warfarin 78,
whereas in the ROCKET-AF trial, rivaroxaban 20 mg
once daily increased this annual risk by 1% °. DOAC-
associated Gl bleeding is probably related to the pres-
ence of the active drug in the Gl tract thus facilitating
bleeding from vulnerable lesions &. Thus, in patients
with AF at a high-risk of Gl bleeding, the 2016 Euro-
pean Society of Cardiology guidelines recommend us-
ing VKAs or DOACs other than dabigatran at a dose of
150 mg bid, rivaroxaban, 20 mg once daily, and edoxa-
ban, 60 mg once daily 8'.

An additional increased risk of bleeding in using DOACs
is related to the possible presence of renal dysfunction,
underweight or drugs interaction that are common
among older subjects.

Currently, all DOACs have been approved for use in pa-
tients with chronic kidney disease (CKD) up to stage lll.
For patients with CrCl < 30 and > 15 mi/min, apixa-
ban, rivaroxaban and edoxaban have been approved
(with dose adjustement), while use of dabigatran is not
recommended. In the European Union, none of the
DOAC is indicated when CrCl is less than 15 ml/min or
in patients undergoing hemodialysis, while for the lat-
ter group the FDA approved the use of apixaban and
rivaroxaban (Tab. II) &,

Being underweight has also been associated with an
increased risk of major bleeding in patients taking oral
anticoagulants, but there are still few evidences in this
population, with consequent contrasting data. In fact,
Park et al. showed, in an AF population taking DOACs
according to their body mass index (BMI), an increased

Table Il. DOACs special recommendation.

risk of major bleeding and all-cause death in under-
weight patients, defined by BMI < 18.5, compared with
being normal weight or obese. However, the median
body weight in the low BMI group was 63.9 kg and the
authors underline that a body weight < 60 kg was not
an independent predictor of bleeding events &. More
recently Lee et al. showed, in a large real-world Korean
cohort with low body weight (< 60 kg) taking oral an-
ticoagulants, that DOACs are better effectiveness and
safety than warfarin both with regular and reduced dos-
age ®. However, guidelines suggest caution with the
use of non-vitamin K antagonist oral anticoagulants in
patients with low body weight (< 60 kg) because of lack
of evidences in this population (Tab. Il).

Finally, polypharmacy, that is very frequent among
older people, in addition to anticoagulant therapy may
increase the risk of bleeding. Current knowledge of
drug-drug interactions associated with DOACs mainly
comes from animal studies, case reports, and limited
pharmacokinetic measurement . All the DOACs are
substrates of P-glycoprotein (P-gp), and inhibition of
this enzyme may increase bleeding risk. Thus, using a
DOAC with P-gp inhibitors, such as ketoconazole and
verapamil, or inducers, such a rifampin, may respec-
tively increase or reduce the anticoagulant effect. In
addition, rivaroxaban and apixaban also undergo me-
tabolism to an extent of 40%-50% in the liver through
the cytochrome P450 (CYP) pathway, specifically via
CYP3A4, with a consequent possible interaction with
drugs that induce or inhibit these pathways & (Tab. II).
VTE is of particular concern in patients admitted to hos-
pital wards with acute medical conditions. In this popula-
tion, patients aged > 75 years have an approximately
2-fold increased short-term risk of VTE than younger

Anticoagulant % Renal elimination Drug interaction

Recommendation for dose reduction

Apixaban

25 CYp3A4; P-gp

2.5mg BID if:

* Age > 80 years

e Weight < 60 kg

e CrCl 15-30 ml/min

¢ Not recommended if CrCl <15 ml/min

Rivaroxaban
67 CYp3A4; P-gp

15 mg QD if:
e CrCl 15-50 ml/min
¢ Not recommended if CrCl < 15 ml/min

Dabigatran
80 P-gp

75 mg QD if:

e CrCl 30-50 ml/min

¢ Not recommended if CrCl <30 ml/min
e Age > 75 years

Edoxaban
35 P-gp

30 mg QD:

e CrCl 15-50 ml/min

¢ not recommended if CrCl <15 ml/min
¢ Weight < 60 kg
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patients °. Current guidelines recommend prophylaxis
with fondaparinux or LMWH in high-risk hospitalized
medical patients > 70 years to prevent VTE &. Because
age over 75 years is an independent risk factor of VTE
in medically ill patients ® the presence of only one ad-
ditional acute medical condition, such as acute myocar-
dial infarction, acute heart failure, active cancer requiring
therapy, acute infectious disease, respiratory disease
etc., is required to consider thromboprophylaxis for
these patients 8. However, a recent case-control study
conducted in France showed that in patients < 75 years
there was a 2-fold increase in VTE in patients not receiv-
ing anticoagulants compared to those treated, while in
patients > 75 years of age there were not differences in
VTE risk in those taking or not taking anticoagulants .
Thus, the authors agreed that thromboprophylaxis
should only be prescribed following careful benefit-
risk assessments, and that it is essential to consider
major and non-major bleeding risks and comorbidities,
including renal function, hypertension, infections and
coronary artery disease.

In this context, The Padua Prediction Score (PPS) and the
Improve Bleeding Score (IBS) have been approved by The
American College of Chest Physicians 9" Edition guide-
lines as validated tools for VTE risk assessment in hospi-
talized old medical patients °'. Some data suggest that a
positive PPS and IBS are associated with early mortality
in Internal Medicine patients %, but it has been demon-
strated, in a group of old hospitalized patients, that their
additional predictive accuracy is modest (positive PPS
sensitivity: 96.67%, specificity: 20.74%; IBS sensitivity:
20.88%, specificity: 90.45%), resulting not very useful in
clinical practice %. Anyway, few studies about using these
models in very old subjects are available.

CONCLUSIONS

This narrative review showed age-related changes of he-
mostasis pathways in older subjects, that can be consid-
ered as a normal phenomenon of aging, but may also be
a consequence of dysregulated inflammatory pathways
that contribute, together with multiple morbidities that are
established prothrombotic risk factors, to increase the
risk of thrombo-inflammatory disease in this population.
Among the thrombotic cardiovascular diseases, stroke
prevention remains one of the most important indication
to use of anticoagulants even among very old and stud-
ies demonstrated the safety and efficacy of DOACs in
terms of reduced risk of bleeding compared with warfa-
rin. Anyway, despite the higher incidence, morbidity and
mortality of TE in older subjects, a relevant proportion of
this population do not receive prophylaxis with anticoag-
ulants. In this context, a tailored therapy in older people

should be necessary taking into consideration changes
attributed to aging and medical background in order to
evaluate risk-benefit ratio in administering the potential
optimal anticoagulant therapy.
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