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Abstract

A hypercoagulable state and its consequent increased inci-
dence of thromboembolic complications are reported in pa-
tients with Cushing’s syndrome (CS). These alterations are
related to cortisol excess that induces prothrombotic chang-
es in blood by several and complex mechanisms including
increased levels of clotting factors, mainly factor VIlland von
Willebrand factor (VWF) and impaired fibrinolytic capacity.
However, it has recently been observed that the increase in
VWEF levels is not a constant feature of CS and that VWF re-
sponse to glucocorticoids is genetically determined and de-
pends on the presence of particular polymorphisms in the
VWF gene promoter. The risk of venous thromboembolism
is moreover enhanced in patients with CS by additional en-
dogenous and exogenous risk factors such as obesity, bed
rest, surgery and invasive diagnostic procedures like inferior
petrosal sinus (IPS) sampling. In line with all these data, pa-
tients with active CS should be treated as having a prothrom-
botic disorder and undergo antithrombotic prophylaxis
during IPS sampling. Special care should be taken in the im-

mediate perioperative period in order to avoid thromboem-
bolic events. In the absence of prospective randomized tri-
als, preventive antithrombotic treatment (best with heparin)
during IPS sampling and low-dose heparin treatment early
after surgery should be suggested.

Copyright © 2010 S. Karger AG, Basel

Introduction

In 1950, Cosgriff et al. [1] described increased coagu-
lability in patients receiving glucocorticoids. Today, it is
well known that glucocorticoid-induced hypercoagula-
bility is common in patients with Cushing’s syndrome
(CS) representing, together with hypertension, impaired
glucose metabolism, central obesity and hyperlipidemia,
animportant cardiovascular risk factor. For these clinical
and biochemical manifestations, CS is associated with an
increased cardiovascular mortality and morbidity [2-4].

The hypercoagulable state seen in these patients and
the consequent increased incidence of thromboembolic
complications are related to cortisol excess that induces
prothrombotic changes in blood by several and complex
mechanisms including quantitative and qualitative alter-
ation in the hemostatic system (fig. 1). More recently, it
has also been observed that in patients with CS the pres-
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Fig. 1. Main prothrombotic alterations of clotting profile in CS.
TFPI = Tissue factor pathway inhibitor.

ence of particular polymorphisms in the von Willebrand
factor (VWF) gene promoter plays a role in determining
thrombotic risk.

Finally, additional endogenous (e.g. hyperhomocys-
teinemia, obesity) and exogenous (e.g. bed rest, surgery,
invasive diagnostic procedures) factors may contribute
and enhance the thromboembolic risk of patients with
hypercortisolism.

In this short review, we discuss coagulation alterations
in CS focusing on our personal experience and on mech-
anisms by which glucocorticoids may influence hemo-
static parameters.

Quantitative Alterations: Increased Clotting Factors
and Impaired Fibrinolysis

Whereas little is known about the effect of cortisol on
platelet count and function, it is certain that the hyperco-
agulable state in CS is related to an increase in plasma
clotting factors, especially factor VIIl and VWF and, to a
minor extent, to a defective fibrinolysis (fig. 1). In addi-
tion to plasma VWF and factor VIII, some studies have
shown higher levels of other coagulation factors such as
factors IX, XI, and XII [5-16].

We demonstrated that both increased clotting factors
and defective fibrinolytic potential are related to the in-
creased concentration of cortisol in the blood. High levels
of glucocorticoids stimulate the endothelial production
of VWEF with a concomitant increase of factor VIII, which
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is transported in blood by the VWF, and impairs fibrino-
lytic capacity upregulating the synthesis of plasminogen
activator inhibitor type 1 (PAI-1) [9-14].

In 1982, Dal Bo Zanon et al. [11] showed that active CS
is associated with increased levels of factor VIIIL. They in-
vestigated 13 women and 2 men affected by CS every 30-
50 days after treatment for 11 months: in these patients,
circulating cortisol and factor VIII were significantly in-
creased before treatment and decreased slowly after treat-
ment to become normal in 3-4 months. The increase in
VWEF correlated well with cortisol levels.

In 1999, we studied the clotting profile in 20 patients
with CS before and after surgical treatment [12]. In line
with previous studies, plasma levels of factor VIII and
VWF were markedly increased in these patients before
surgery. In cured patients, an additional and significant
increase during the first month after surgery was fol-
lowed by a progressive decrease until a complete normal-
ization within 12 months. This study confirmed the pres-
ence of quantitative alterations in clotting profile due to
cortisol excess and their reversibility after the resolution
of hypercortisolism, and identified a period of additional
thrombotic risk early after surgery as a result of the wors-
ening of the hemostatic pattern, exposing patients to a
turther and higher risk of thromboembolic complica-
tions.

The fibrinolytic system also plays a key role in the
pathogenesis of venous thromboembolic disorders, and
in patients with CS an impaired fibrinolytic capacity was
described [13], mainly due to a decrease in tissue plas-
minogen activator (t-PA) antigen and increase in PAI-1.
However, a case-control study did not find any signifi-
cant difference in plasma PAI-1 and t-PA levels between
CS patients and controls [14].

More recently, Erem et al. [15] reported increased lev-
els of PAI-1 in CS patients compared with healthy sub-
jects and decreased levels of the tissue factor pathway in-
hibitor that contributes to the hypofibrinolytic state of
these patients and consequently to their increased throm-
boembolic risk. In this study, PAI-1 was also found to be
positively correlated with midnight serum cortisol levels,
a finding that emphasizes the strict relationship between
these alterations and cortisol excess.

A shortening of the activated thromboplastin time
was observed in our and in the majority of published clin-
ical studies, whereas other coagulation parameters (pro-
thrombin time, bleeding time, and platelet aggregation)
were unchanged. A significant inverse correlation be-
tween activated thromboplastin time and urinary free
cortisol levels was also observed [16].
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The normal range of VWF levels is extremely wide
since VWF concentrations may be modulated by several
genetic and environmental factors, mainly ABO blood
group, with O blood group individuals having 25% lower
VWE levels than those with the other blood groups. This
explains why CS patients may present different VWF
concentrations, with no strict correlation with cortisol
concentrations. Adjusting VWF levels to the ABO blood
group, we recently demonstrated that the increase in
VWF levels is not a constant feature of CS, since some
patients may have normal VWF levels in spite of high cir-
culating cortisol levels. Such variable VWF responses to
the glucocorticoid action depend on particular polymor-
phisms in the VWF gene promoter: SNPs -3268G/C,
-2709C/T, 2661A/G, -2527G/A and the variable-lenght
(GT)n locus. In CS, the presence of haplotype 1 (-3268G/
—-2709C/-2661A/-2527G) and short GT repeats (15-19
GT) was found to increase the risk of developing high
VWEF and, consequently, a hypercoagulable condition,
while haplotype 2 (-3268C/-2709T/-2661G/-2527A) and
long GT repeats (=20 GT) correlated with normal VWE,
thus representing a protective genetic element [17-19]. In
CS, haplotype 1 and (GT)s alleles predict the increase in
VWE, thus representing novel markers of thrombotic
risk [17-19]. These and other inherited determinants may
interact with hypercortisolism to increase the risk of
thrombosis in a complex system. The knowledge of the
genetic pattern of VWF promoter allows to define the
thrombotic risk of these patients and their need for anti-
thrombotic prophylaxis.

Qualitative Alterations: Abnormalities in VWF
Structure

Hypercortisolism may also affect the multimeric
structure of VWF causing an overexpression of abnor-
mally high molecular weight multimers, capable of in-
ducing spontaneous platelet aggregation [12].

VWF is a high molecular weight glycoprotein, synthe-
sized and stored by both endothelial cells and megakar-
yocytes. VWE is organized as a polymeric molecule and
plays a major role in primary hemostasis by promoting
platelet adhesion to the subendothelium of the vessel
wall. High molecular weight forms are known to have an
increased hemostatic capacity [20].

In 1999, Casonato et al. [12] observed in 20 patients
with CS not only higher plasmatic levels of VWF but also
the presence of unusually large VWF multimers, normal-
ly not present in the plasma but only in the cellular com-
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partments where VWF is synthesized. CS patients thus
appear characterized by an increase in a VWF molecule
that is also hemostatically more efficient. This altered
molecular organization of plasma VWF persisted after
dilution of plasma to normalize VWF levels, suggesting
that the phenomenon is independent of the increased
VWEF levels seen in CS patients and contributes per se to
the hypercoagulable state of these patients. After thera-
peutic surgery, similar to that described for VWF plasma
levels, in the immediate postoperative period a worsen-
ing in plasma VWF large multimer representation was
observed followed by a subsequent gradual decrease in
these alterations starting from the 3rd month after sur-
gery. The incomplete disappearance of abnormally large
VWF multimers, sporadically observed in cured patients,
seems to indicate some persistence of the abnormal func-
tion of endothelial cells.

Clinical Thromboembolic Complications and
Additional Thrombotic Risk Factors

Patients with CS are at high risk for venous thrombo-
embolism (VTE), as demonstrated by Van Zaane et al. [7]
in a recent systematic review on the effect of endogenous
hypercortisolism on coagulation and fibrinolysis, as well
as on the clinical outcome of VTE.

Therisk of VTE is enhanced by additional endogenous
and exogenous risk factors such as obesity, bed rest, sur-
gery and invasive diagnostic procedures like inferior pe-
trosal sinus (IPS) sampling [1, 6, 7, 21, 22].

Van Zaane et al. [7] observed, by data extraction from
eight studies, a risk of 1.9 and 2.5% for VTE not provoked
by surgery, with an estimated incidence rate of 2.5-
3.1/1,000 persons/year versus 1-2/1,000 in the normal
population, whereas the risk of postoperative VTE varied
between 0 and 5.6%, with one outlier of 20%. When com-
pared with VTE rates after major orthopedic surgery
(1.3-4.4%), neurosurgery (0.5-2.3%), gastrointestinal
surgery (0.2-1.6%), or urological surgery (0.3-1.0%), the
risk reported in patients with CS is remarkable [7].

There is currently a general agreement that antithrom-
botic prophylaxis should be routinely used in patients
with Cushing’s disease, especially when additional
thrombotic risk factors such as surgery or invasive diag-
nostic procedures are present [1, 7, 23, 24].

Interesting results have emerged from our retrospec-
tive study on the use of anticoagulant prophylaxis with
heparin and/or warfarin in a large series of patients with
CS. The rates of thromboembolic events and related mor-
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tality were analyzed in 75 untreated (group 1) and in 232
treated (group 2) patients. Survival analysis demonstrat-
ed a significantly higher rate of thromboembolic events
in group 1, not receiving anticoagulants, than in group 2,
and a significantly higher mortality rate due to thrombo-
embolism in absence of any prophylactic treatment with
anticoagulant drugs (10% of group 1 patients died be-
cause of thromboembolism, and 10% had vascular mor-
bidity). After the introduction of screening of hemostatic
parameters and postoperative antithrombotic prophy-
laxis, morbidity and mortality due to thromboembolic
events dropped to 6 and 0.4%, respectively, suggesting the
absolute necessity of an adequate anticoagulant prophy-
lactic treatment in these patients to avoid thromboem-
bolic complications [16]. However, prospective random-
ized trials on the matter are lacking and large prospective
studies are needed.

As in patients with obesity, patients with CS are often
affected by hyperhomocysteinemia which contributes to
the hypercoagulable state seen in these subjects [25].

Conclusions
Chronic glucocorticoid excess in patients with CS is

associated with a hypercoagulability state leading to an
increased risk of thromboembolic events.

In line with these data, patients with active CS should
be treated as having a prothrombotic disorder and un-
dergo anti-thrombotic prophylaxis during IPS sampling,
and special care should be taken in the immediate post-
operative period in order to avoid thromboembolic com-
plications.

In the absence of prospective randomized trials, we
and other authors suggest the routine use of antithrom-
botic prophylaxis in patients with CS undergoing trans-
sphenoidal or adrenal surgery, especially in the immedi-
ate postoperative period, and the use of heparin during
IPS sampling [7, 24, 25]. However, more studies are need-
ed to provide more definite indications about the type
(i.e. heparin, low molecular weight heparin, low-dose un-
fractionated heparin or fondaparinux), intensity and du-
ration of thromboprophylaxis in these patients. Finally,
in our opinion, considering the association of many car-
diovascular comorbidities in the same patient, antiplate-
let therapy could be also considered in all patients with
CS.
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