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Abstract
Background: Patients with Cushing syndrome (CS) are at increased risk of venous thromboembolism (VTE).

Objective: The aim was to evaluate the current management of new cases of CS with a focus on VTE and
thromboprophylaxis.
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Design and methods: A survey was conducted within those that report in the electronic reporting tool (e-REC) of the
European Registries for Rare Endocrine Conditions (EURRECa) and the involved main thematic groups (MTG's) of the
European Reference Networks for Rare Endocrine Disorders (Endo-ERN) on new patients with CS from January 2021 to

July 2022.

Results: Of 222 patients (mean age 44 years, 165 females), 141 patients had Cushing disease (64%), 69 adrenal

CS (31%), and 12 patients with ectopic CS (5.4%). The mean follow-up period post-CS diagnosis was 15 months
(range 3-30). Cortisol-lowering medications were initiated in 38% of patients. One hundred fifty-four patients (69%)
received thromboprophylaxis (including patients on chronic anticoagulant treatment), of which low-molecular-
weight heparins were used in 96% of cases. VTE was reported in six patients (2.7%), of which one was fatal: two
long before CS diagnosis, two between diagnosis and surgery, and two postoperatively. Three patients were using
thromboprophylaxis at time of the VTE diagnosis. The incidence rate of VTE in patients after Cushing syndrome
diagnosis in our study cohort was 14.6 (95% CI 5.5; 38.6) per 1000 person-years.

Conclusion: Thirty percent of patients with CS did not receive preoperative thromboprophylaxis during their active
disease stage, and half of the VTE cases even occurred during this stage despite thromboprophylaxis. Prospective
trials to establish the optimal thromboprophylaxis strategy in CS patients are highly needed.

Significance statement

The incidence rate of venous thromboembolism in our study cohort was 14.6 (95% CI 5.5; 38.6) per 1000 person-
years. Notably, this survey showed that there is great heterogeneity regarding time of initiation and duration of

thromboprophylaxis in expert centers throughout Europe.

Keywords: endogenous hypercortisolism; Cushing disease; Cushing syndrome; thromboprophylaxis; venous

thromboembolism

Introduction

Endogenous hypercortisolism (Cushing syndrome,
CS) is a rare disorder with an estimated incidence
of 0.2-5.0 cases per million inhabitants per year in
various populations, whereas its prevalence is close
to 39-79 cases per million (1, 2). The majority of cases
are adrenocorticotropic hormone (ACTH) dependent,
of which a pituitary corticotrope adenoma (Cushing
disease, CD) is the most prevalent cause, whereas ACTH-
secreting non-pituitary tumors (ectopic ACTH and
corticotropin-releasing hormone syndrome secretion)
are responsible for about 5-10% of cases. ACTH-
independent cases of CS (adrenal adenomas or uni- or
bilateral adrenal hyperplasia) account for the remaining
20% of cases (1, 3).

It is well-known that endogenous hypercortisolism is
associated with increased morbidity and mortality (4, 5,
6). This increased risk is mainly driven by cardiovascular
events, including venous thromboembolic events
(VTEs) such as pulmonary embolism (PE) and deep
vein thrombosis (DVT). It has been demonstrated that
the primary risk factors associated with VTE include
older age (>69 years), reduced mobility, acute severe
infections, previous cardiovascular events, higher
midnight plasma cortisol levels, and shorter activated
partial thromboplastin time (7). Additionally, a recent

analysis of the ERCUSYN database found a higher
prevalence of VTE among male patients, patients with
a history of multiple surgeries, and those with high
urinary cortisol levels (8). Several studies have observed
an increased risk of VTE in patients with endogenous
hypercortisolism even long after successful treatment.
A study showed that the VTE incidence is almost seven
times higher in the years before diagnosing endogenous
hypercortisolism and almost 17 times higher in the first
year after diagnosis; this incidence remains increased
in the initial months following successful treatment (9).
This results in an increased incidence rate of 14.6 per
1000 person-years for VTE in patients with endogenous
hypercortisolism compared to the general population
(10). The cortisol-induced hypercoagulability is thought
to be partially caused by activation of the coagulation
cascade with an increase in, e.g. von Willebrand factor,
fibrinogen, and factor VIII concentrations (11, 12),
impaired fibrinolysis (4) and endothelial dysfunction
(13). Changes in pro- and anticoagulant factors may
persist after successful surgery or medical therapy for at
least several months (14, 15).

Given the lack of evidence from clinical trials, there is a
large practice variation regarding thromboprophylaxis
management and perioperative medical treatment in
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patients with endogenous hypercortisolism, even among
reference centers that have obtained specific national
and international accreditation for the diagnosis and
treatment of CS (16). To further maplocal practice patterns
and associated VTE complications in CS, we performed a
study across the European Reference Network on Rare
Endocrine Conditions (Endo-ERN) expert centers using
the European Registries for Rare Endocrine Conditions
(EuRRECa), and the contributors to the relevant main
thematic groups (MTGs), i.e. Adrenal (one) and Pituitary
(six) of the Endo-ERN.

Methods

The main objective of this study was to collect
epidemiological and routine clinical data on new CS
cases reported on the EuRRECa electronic reporting
tool (e-REC) and Endo-ERN with a focus on VTE and
thromboprophylaxis.

EuRRECa was constructed to support the needs of
Endo-ERN, maximizing the opportunity for all patients,
healthcare professionals, and researchers to participate
and use high-quality, patient-centered registries for
these rare conditions. The two platforms of the EuRRECa
project encompass the Core registry, which collects a
common dataset and clinician- and patient-reported
outcomes, and an electronic surveillance system, the
e-Reporting on Rare Endocrine Conditions (e-REC)
program (17).

e-REC is a program that monthly captures the number
of new cases of rare endocrine conditions seen at the
participating centers.

e-REC is used for continuous monitoring of the expert
centers of ERNs (Endo-ERN, ERN BOND), for mapping
expert centers not only within European Union, for
understanding the occurrence of the rare endocrine
and bone conditions, and for conducting secondary
surveys.

Because e-REC only provides a number of cases with a
specific diagnosis without any personal data, there is no
informed consent needed. e-REC is open to Endo-ERN
and other centers involved in the care of patients with
rare endocrine conditions.

Secondary survey

Secondary surveys (https://eurreb.eu/registries/e-rec/
secondary-survey/) on e-REC-reported cases allow for
the collection of well-defined routine clinical data for
quality assurance and for understanding the clinical
presentation of the reported condition. No personally
identifiable data, such as date of birth, date of surgery,
date of VTE, or exact laboratory tests, were collected.

First, the e-REC team sorted e-REC IDs of patients
with endogenous hypercortisolism (ORPHA443287,

Endocrine Connections (2024) 13 e240046
https://doi.org/10.1530/EC-24-0046

ORPHA1501, ORPHA99408, ORPHA96253) reported
between January 2021 and July 2022. Then the centers
were provided with the list of IDs and queried to
revisit these cases and to add clinical data to the online
questionnaire. The survey questionnaire utilized
Webropol survey, a secure online tool endorsed and
supported by NHS Greater Glasgow & Clyde and NHS
Scotland. The use of e-REC and secondary surveys
was approved by the institutional board of the Leiden
University Medical Center, and participating centers
were advised to seek local approval if needed.

In addition, healthcare providers (not reporting in
e-REC) of the relevant main thematic groups (‘Adrenal’
and ‘Pituitary’) of Endo-ERN were queried regarding
any of their reported new encounters with a confirmed
diagnosis of CS from January 2021 to July 2022. Patients
with suspected but not confirmed CS were excluded
(according to the current guideline) (18).

VTE in CS survey

The survey was open for entry from October 2022 to
June 2023. Follow-up started on the date of initial CS
diagnosis (within the period of interest — January 2021
till July 2022) and ended when an endpoint of interest
occurred (VTE, bleeding, death) or on the date of filling
in the questionnaire, whichever came first.

A survey was designed consisting of questions on the
occurrence of VTE, and if so, additional questions
assessed risk factors of VTE, treatment regimens, and
VTE complications. Questions included data about
relevant co-morbidities and the different items of the
Cushing severity index (CSI) — a validated score for
reliable clinometric evaluation of severity in endogenous
hypercortisolism (19) using eight different parameters
(fat distribution, skin lesions, muscle weakness, mood
disorders, hypertension, diabetes mellitus, hypokalemia,
and sex-related disturbances), each one graded from
0 to 2 with a maximum score of 16. These components
enabled the calculation of the CSI score of all subjects.
For the full questionnaire, see Annex 1 (see section on
supplementary materials given at the end of this article).

Statistical analyses

Continuous data are presented as mean * s.n. (range)
and were compared using ANOVA. All the other values,
if not normally distributed, are expressed as median
with interquartile range (IQR) and compared using
ANCOVA. Statistical analysis was performed using SPSS
version 25.0.

The individual person-time was calculated based on
the dates of reporting in e-Rec and filling in the survey
and on the date of VTE. Incidence rates for VTE were
calculated by dividing the observed number of VTE
cases within the study period by the sum of individual
person-years and were presented with accompanying
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95% CI. Any VTE occurring before diagnosis was ignored
in the estimation of the incidence rate.

Results

Patient characteristics

The survey was completed by 35 clinicians in 20 centers
from six countries (Fig. 1). Within the 18-month study
period, a total of 222 new patients were reported with
endogenous hypercortisolism. The mean follow-up
period was 15 + 8 months (range 3-30). The total number
of person-years was 274. Table 1 shows the clinical and
demographic characteristics of patients with CS.

One hundred forty-one patients had Cushing’s disease
(64%), 69 had ACTH-independent CS (31%), and 12
patients had ectopic CS (5.4%). One hundred sixty-five
(74%) were female with a mean age of 44 + 16 years
(range 3-80). Ninety-one patients (41%) were overweight
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(BMI 25-30 kg/m2), and 76 (34%) were obese (BMI > 30
kg/m?). A previous VTE (not related to CS based on the
clinical judgment of the reporters, information on the
time of occurrence was unavailable) was reported in
11 (4.9%) patients, and other cardiovascular events (e.g.
myocardial infarction, myocarditis, cerebrovascular
disease, and stroke) in 11 patients (4.9%). Most patients
underwent surgery (n=204, 92%), pituitary (n = 130,
64%), adrenal surgery (n = 68, 33%), and other surgery
(n =6, 3%); 47 (23%) of them had repeated surgery.

The mean number of comorbidities was 2 + 1.5 (range
0-10). In 36 (16.2%) patients, no relevant comorbidities
were reported, and 25 had more than 4 (11%).
Mean CSIwas 5.6 £ 2.9 (0-13), patients with CD had higher
scores compared to patients with adrenal CS 5.8 + 2.9 vs
4.8 + 2.7 (MD 1.0; 95% CI 0.2; 1.8). Patients with ectopic
CS had the highest scores (8.5 + 2.9), with a mean
difference of 3.7 (95% CI 2.0; 5.4) compared to adrenal
CS, and a mean difference of 2.7 (95% CI 1.0; 4.4) when
compared to CD.
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Overview of countries responding to the survey.
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Table 1 Clinical and demographic characteristics of patients with Cushing syndrome of different origin.

Adrenal Cushing Ectopic Cushing

Demographic/clinical variable Cushing disease syndrome syndrome Total
Number of patients: n (%) 141 (63.5%) 69 (31.1%) 12 (5.4%) 222 (100%)
Age (years): median (IQR) (range) 43 (22.5) (7-79) 46 (25.5) (3-80) 48 (37) (22-77) 43 (25) (3-80)
Female: n (%) 105 (74.4%) 54 (78.2%) 6 (50%) 165 (74.3%)
CSI: mean + s.n. 5.77 +2.88 4.81+2.72 8.5+ 2.87 56+29
Number of comorbidities: mean + s.o. 1.9+1.58 1.97 £1.39 217 +1.7 1.93+1.53
Obesity: n (%) 49 (34.8%) 23 (33.3%) 4 (33.3%) 76 (34.2%)
Hypertension: n (%) 90 (63.8%) 49 (71%) 9 (75%) 148 (66.7%)
Diabetes: n (%) 30 (21.3%) 17 (24.6%) 5 (41.7%) 2 (23.4%)
Previous VTE: n (%) 9 (6.4%) 2 (2.9%) 0 1(4.9%)
VTE: n (%) 4 (2.8%) 1(1.4%) 1(8.3%) 6 (2.7%)
Cortisol-lowering treatment: n (%) 60 (42.6%) 14 (20.2%) 10 (83.3%) 4 (37.8%)
Thromboprophylaxis: n (%) 103 (73%) 41 (59.4%) 10 (83.3%) 154 (69.3%)
Surgery: n (%) 133 (94.3%) 64 (92.8%) 7 (58.3%) 204 (91.9%)

CSI, Cushing severity index; VTE, venous thromboembolism.

Cortisol-lowering medical treatment

Eighty-four patients (38%) received pre-surgical cortisol-
lowering medical treatment, the majority receiving
metyrapone (68%) or ketoconazole (30%). Other used
agents were osilodrostat (8%), mitotane (1%), and
levoketoconazole (1%). Of the pre-treated patients, 60
had CD (43% of the total CD group), 14 had adrenal CS
(20% of the total adrenal CS group), and 10 had ectopic
CS (83% of the total ectopic CS group). Patients with CD
and ectopic CS were treated more often in comparison
with patients with adrenal CS, with OR 2.9 (1.5; 5.7),
P =0.0019 and OR 19.6 (3.9; 100), P = 0.0003, respectively.

There were no major differences in patient
characteristics between pre-treated and non-pre-treated
patients in terms of age (44 + 17 vs 43 + 15 years; MD 1.0;
95% CI -3.4; 5.4), sex distribution (65/83 vs 101/138, OR
1.3; 95% CI 0.7; 2.5), number of comorbidities (1.8 + 1.2
vs 2.0 + 1.8; MD 0.2; 95% CI -0.2; 0.6), and CSI (6.2 + 3.0 vs
5.4 +2.8; MD 0.8; 95% CI 0.01; 1.6).

Medical cortisol-lowering treatment was initiated at
the time of diagnosis in 59 cases (70%) and usually
discontinued 1 day before or after surgery (91%).
Hypercortisolism was completely controlled in 43 patients
(21%) and partially controlled in 40 (20%) before surgery,
irrespective of disease origin (based on the cortisol levels).

VTE prophylaxis

Protocolled and unprotocolled initiation

of thromboprophylaxis

A thromboprophylaxis protocol specific for patients
with CS was present in 6 out of 20 centers (30%),
while three centers (15%) had no thromboprophylaxis
protocol, and 11 out of 20 (55%) had a protocol not
specific for CS. Thromboprophylaxis was given to
154 out of 222 patients (69%); in 15 cases (9.7%), this
was a therapeutic treatment due to a previous event/

condition. Thromboprophylaxis was initiated from CS
diagnosis onward in 43 cases (28%): thirty-one patients
(31/43, 72%) were from centers (n = 3) with specific
thromboprophylaxis protocols for patients with CS, and
consequently, the treatment was initiated at the time
of diagnosis. The remaining 12 patients (28%) started
thromboprophylaxis due to the presence of risk factors
such as severe CS, older age, limited mobility, active
malignancy, or additional cardiovascular comorbidities.
Thromboprophylaxis was initiated 2-6 weeks before
surgery — in nine cases (5.8%), 1 week before surgery
— in eight cases (5.2%), the day before/of surgery in
50 cases (33%), and after surgery — in 26 cases (19%).
The remaining 30% of patients did not receive any
thromboprophylaxis. In three cases (1.9%), data about
the initiation of thromboprophylaxis were missing. In
patients with CD, therapy was started more often on
the day before/of surgery (40%) compared to adrenal CS
patients (20%), OR 2.7 (95% CI 1.1; 6.5). At the same time,
thromboprophylaxis was more often prescribed after
surgery in patients with adrenal CS (12/41 vs 13/103;
OR 2.86 (95% CI 1.1; 7.0)). The use of elastic compressive
stockings was reported in 83 (37%) of patients.

Thromboprophylactic agents and duration

of treatment

Low-molecular-weight  heparins (LMWHs) were
prescribed in the vast majority of cases, with n = 147
(96%). Nadroparine was used in 57 patients (39%), with
a dose ranging from 2850 to 5700 IU per day depending
on BMI. Enoxaparin, ranging from 4000 to 6000 IU
per day, was prescribed in 52 patients (35%), while
dalteparin, ranging from 2500 to 5000 IU per day,
was used in 32 patients (22%). Other drugs included
tinzaparin and fondaparinux. Direct oral anticoagulants
(DOACs) were used in only six patients (3.9%) (with
dosages ranging from 10 to 20 mg/day for rivaroxaban
and 2.5-10 mg/day for apixaban), and warfarin was
prescribed in one patient (0.6%).
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Thromboprophylaxis was  discontinued during
the first week after surgery in 55 patients (36%),
during 2-4 weeks in 28 patients (18%), 6-12 weeks
in 26 patients (17%), and was continued longer in 17
patients (11%). The median pre- and postoperative
duration of thromboprophylaxis was 14 days (IQR=Q3-
Q1=28-7=21).

Differences between patients that received and
those that did not receive thromboprophylaxis
The 68 patients not receiving any thromboprophylaxis
had lower CSI scores 4.3 + 2.5 vs 6.2 + 2.9 (MD 1.9; 95% CI
1.1; 2.8), and more often did not undergo surgery, 12/68
vs 6/154 (OR 5.3 (95% CI 1.9; 14.8)). Within the cohort of
patients with CD, thromboprophylaxis was prescribed
more often to older patients (45 + 15 vs 37 + 15 years)
and to patients with higher CSI (6.1 + 2.8 vs 4.7 + 2.7, MD
1.4, 95% CI 0.4; 2.4). Among the patients with adrenal
CS, thromboprophylaxis was initiated more often with
higher CSI (5.8 + 2.9 vs 3.6 + 1.9, MD 2.2, 95% CI 0.9; 3.5),
but no differences were observed in age and number of
comorbidities (MD 4.6, 95% CI (-4.0; 13.2) and MD 0.1
(-0.5; 0.8), respectively).

Bleeding complications
No major bleeding was reported; two patients reported
epistaxis, not related to pituitary surgery.

Venous thromboembolic event

Six cases of VTE were reported (2.7%, 95% CI 1; 6), (Table
2): four patients with CD, one patient with adrenal CS,
and one patient with ectopic CS. At the time of VTE, 5 out
of 6 had uncontrolled hypercortisolemia.

Three patients (3/6) had a previous VTE, and most of
them had several additional risk factors for thrombosis.
There were three cases of PE (one combined with DVT),
one case of central retinal vein thrombosis, and one
case of thrombophlebitis with thrombus of the vena
cephalica. The patient with ectopic CS died because of
thrombosis of the vena cava inferior despite cortisol-
lowering treatment with four different agents and
thromboprophylaxis with LWMH treatment. VTE
episodes were registered during a very wide time frame:
from 2 years before the diagnosis of CS to 6 weeks after
surgery. One VTE episode was reported in the group
of patients with elastic stockings usage (1/83), three in
group without stockings (3/121), and two in the group
with unknown status (OR 0.7 (95% CI 0.1; 8.1)).

The incidence rate of VTE after CS diagnosis in this
survey was 14.6 (95% CI 5.5; 38.6) per 1000 person-years
(four events for 274 person-years).

The incidence rate of VTE in CS of different origins in
patients receiving thromboprophylaxis was 10.2 (95% CI
2.6;40.5) vs 25.6 (95% CI 6.5; 100.7) cases per 1000 person-
years without thromboprophylaxis (two events for 196
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person-years vs two events for 78 person-years), which
was an incidence rate ratio between the two groups of
2.5(95% C10.18; 34.7), P > 0.05.

Discussion

The results of this study, which represent real-world
clinical data of patients treated for CS in European
reference centers, are consistent with previous cohort
studies and demonstrate similar rates. In the presence
of heterogeneous policies on thromboprophylaxis
in expert centers throughout Europe, our study also
provides better insight into the various policies on pre-
surgery cortisol-lowering treatment. We found that the
incidence rate of VTE in patients with CS was 14.6 (95%
CI 5.5; 38.6) per 1000 person-years, and VTE occurred
even in patients on cortisol-lowering medication and
anticoagulants.

A specific thromboprophylaxis protocol for patients
with CS was not available in the vast majority of centers,
despite the fact that retrospective cohort studies have
shown a decrease in VTE-associated mortality and
morbidity in patients with endogenous hypercortisolism
onanticoagulanttreatment(20,21). Thromboprophylaxis
in CS patients has been reported to be associated with
low bleeding rates (22, 23), which is confirmed in the
present study.

The optimal timing for initiation of thromboprophylaxis
probably depends on the risk profile of individual
patients (especially patient’s mobility) and remains
unclear, which is reflected by the diverse start dates
in our study: 28% of patients started at the time of CS
diagnosis, 33% the day before/of surgery,and 19% directly
after surgery. The duration of thromboprophylaxis
is also unclear and differed greatly among the study
population. At present, different studies have confirmed
that the risk of VTE remains increased at least until 3
months after successful surgery and may normalize
after 6 months (9, 24). Prolonging thromboprophylaxis
with LMWH until 30 days after surgery appears to
reduce the VTE incidence in patients with CD without
any significant side effects (9, 14, 20). Of note, in our
study, half of the VTE events (n = 3) occurred despite
active thromboprophylaxis, highlighting the fact that
thromboprophylaxis (or dosages which were used) may
be insufficient in the highest risk categories, such as
previous VTE and ectopic CS. Unfortunately, the design
of the secondary survey does not allow us to answer the
question of whether the doses were adapted accordingly
to glomerular filtration rate and weight. Nowadays,
it is generally accepted that hypercortisolism per se is
an important risk factor for VTE, although a relation
between the severity of hypercortisolism and changes
in coagulation factors has not been demonstrated
(11). Consequently, it seems beneficial to start cortisol-
lowering treatment in patients with CS while awaiting
curative surgery regardless of thromboprophylaxis,
to decrease the risk of postoperative withdrawal
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syndrome. This might be beneficial for the postoperative
VTE risk as the corticosteroid withdrawal syndrome is
a pro-inflammatory, and thus a pro-thrombotic, state
in itself, thereby theoretically reducing the risk of VTE
(11). Unfortunately, no clinical guidance exists on this
topic, which is reflected by the real-world outcome data
of this study. Initiation of cortisol-lowering medication
varies from center to center and between countries and
also depends on the origin of the underlying disease. As
observed in this study, only 20% of patients with adrenal
CS were treated with cortisol-lowering medication vs
83% of patients with ectopic CS and 43% of patients
with Cushing’s disease. It is plausible to assume that
this reflects both differences in disease severity and
differencesin the pre- and peri-operative management of
adrenal and neurosurgical surgeries and the availability
or lack of surgical procedures. In agreement with this,
it has been suggested that in patients pretreated with
cortisol-lowering medication before surgery, VTE risk
was lower than patients not receiving cortisol-lowering
medication before surgery (10). However, a recent larger
study of the European Registry on Cushing syndrome
(ERCUSYN) did not observe differences in post-surgical
morbidities including thromboembolism within 180
days of surgery (6), although the proportion of patients
receiving thromboprophylaxis in their study was lower,
which may have influenced the results. Similar data
were published in a more recent analysis of the ERCUSYN
database (8). However, it has been reported that patients
with higher cortisol levels (blood samples measured at
midnight and free cortisol measured in urine) also had a
higher VTE risk (7, 8, 25). The present study did not detect
a difference in VTE risk between the different types
of endogenous hypercortisolism, as in other studies,
probably due to the small number of events. Also, other
preventive measures, such as early mobilization after
surgery and the use of elastic compressive stocking until
mobilization, may have a role in the management of
thromboprophylaxis, but we have not found difference
within the groups in our survey (20).

Our study has some limitations as it was a retrospective
survey, which may have introduced selection and
detection bias. The secondary survey design limits the
access to exact data (as precise date of VTE, surgery,
details on previous VTE, adjustment of LMWH dosage for
weight and others), so the dataset is rather different from
a single-center chart review. Even with the use of e-REC,
we cannot be sure that all new cases of CS have been
included in the registry and in the survey. Also, several
centers have reported less than five cases. Additionally,
the date of e-REC registration is probably not the exact
date of diagnosis, since there could be referral delay
before patients are seen in a tertiary center. This might
affect the VTE incidence rate.

Moreover, the total number of patients and events
related to VTE is comparatively smaller than in previous
studies. This limited dataset poses challenges in drawing
robust conclusions regarding predisposing factors,
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subgroupings, optimal dosages, and clinical strategies
for preventing VTEs. All these factors should be taken
into account when designing a prospective observational
study on the incidence of VTEs in patients with Cushing
syndrome. However, we do feel that considering the
similarities of our data with previously reported studies,
the findings of the survey are consistent with current
daily clinical practice throughout different expert
centers in Europe. Additionally, the unique setup of this
real-world multiple tertiary expert center collaborative
study can be a starting point for the prospective registry
on the EuRRECa platform aimed at improving best
practice.

Conclusion

The incidence rate of VTE in patients after CS diagnosis
in our study cohort was 14.6 (95% CI 5.5; 38.6) per 1000
person-years.

Of patients with CS, 30% did not receive preoperative
thromboprophylaxis, and at the same time, half of the
VTE cases occurred despite active thromboprophylaxis.
Prospective clinical trials are needed to develop
evidence-based guidelines on thromboprophylaxis and
harmonized local protocols throughout the Endo-ERN.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-24-0046.

Declaration of interest

NMA-D the LUMC funding (EuRRECa is funded through ENDO ERN within
the European Union within the framework of the EU4H Programme,
grant agreement no. 101084921). FAK has received research funding
from Bayer, BMS, BSCI, AstraZeneca, MSD, Leo Pharma, Actelion, Farm-X,
The Netherlands Organisation for Health Research and Development,
the Dutch Thrombosis Foundation, the Dutch Heart Foundation and the
Horizon Europe Program, all outside this work and paid to his institution.
FG has received funding from research purposes from Pfizer, Ipsen, and
Camurus. EN is supported by the Clinician Scientist Program RISE (Rare
Important Syndromes in Endocrinology), supported by the Else-Kréner-
Fresenius Stiftung and Eva Luise und Horst Kohler Stiftung. RP has received
research funding from Recordati AG., Corcept Therapeutics, Strongbridge
Biopharma, Neurocrine Biosciences; and served as a consultant for Corcept
Therapeutics, Recordati AG., Crinetics Pharmaceuticals, H. Lundbeck A/S.
SFA (EURRECa is funded through ENDO ERN within the European Union
within the framework of the EU4H Programme, grant agreement no.
101084921). AMP (Endo-ERN is funded by the European Union within the
framework of the EU4H Programme, grant agreement no. 101084921).
Other co-authors - none. SFA is Editor-in-Chief of Endocrine Connections.
SFA was not involved in the review or editorial process for this paper, on
which he is listed as an author.

Funding

This publication is supported by Endo-ERN. Endo-ERN is funded by the
European Union within the framework of the EU4H Programme, grant
agreement no. 101084921.

Downloaded from Bioscientifica.com at 05/09/2024 07:48:02AM

via Open Access. This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License.
https://creativecommons.org/licenses/by-nc-nd/4.0/



https://doi.org/10.1530/EC-24-0046
https://doi.org/10.1530/EC-24-0046
https://creativecommons.org/licenses/by-nc-nd/4.0/

M Cherenko et al.

Acknowledgements

L Bakker (Department of Medicine, Division of Endocrinology, Leiden
University Medical Centre, Leiden, Netherlands); S Bensing, K Berinder, M
Petersson (Department of Endocrinology, Karolinska University Hospital,
Stockholm, Sweden); and C Brachet, P Chausseur, B Corvilain, N Driessens,
R Fishler (Department of Endocrinology, Hopital Universitaire de Bruxelles,
Hopital Erasme, Brussels, Belgium).

References

1 Lacroix A, Feelders RA, Stratakis CA & Nieman LK. Cushing’s
syndrome. Lancet 2015 386 913-927. (https://doi.org/10.1016/
S0140-6736(14)61375-1)

2 Lindholm J, Juul S, Jergensen JO, Astrup J, Bjerre P, Feldt-
Rasmussen U, Hagen C, Jergensen ], Kosteljanetz M, Kristensen LO,
et al. Incidence and late prognosis of Cushing's syndrome: a
population-based study. Journal of Clinical Endocrinology and
Metabolism 2001 86 117-123. (https://doi.org/10.1210/
jcem.86.1.7093)

3 Gadelha M, Gatto F, Wildemberg LE & Fleseriu M. Cushing's
syndrome. Lancet 2023 402 2237-2252. (https://doi.org/10.1016/
S0140-6736(23)01961-X)

4 Van der Pas R, Leebeek FWG, Hofland L), de Herder WW &
Feelders RA. Hypercoagulability in Cushing’s syndrome: prevalence,
pathogenesis and treatment. Clinical Endocrinology 2013 78
481-488. (https://doi.org/10.1111/cen.12094)

5 Feelders RA & Nieman LK. Hypercoagulability in Cushing’s
syndrome: incidence, pathogenesis and need for
thromboprophylaxis protocols. Pituitary 2022 25 746-749. (https://
doi.org/10.1007/s11102-022-01261-9)

6 Valassi E, Franz H, Brue T, Feelders RA, Netea-Maier R,
Tsagarakis S, Webb SM, Yaneva M, Reincke M, Droste M, et al.
Preoperative medical treatment in Cushing’s syndrome: frequency
of use and its impact on postoperative assessment: data from
ERCUSYN. European Journal of Endocrinology 2018 178 399-409.
(https://doi.org/10.1530/EJE-17-0997)

7 Zilio M, Mazzai L, Sartori MT, Barbot M, Ceccato F, Daidone V,
Casonato A, Saggiorato G, Noventa F, Trementino L, et al. A venous
thromboembolism risk assessment model for patients with
Cushing's syndrome. Endocrine 2016 52 322-332. (https://doi.
org/10.1007/s12020-015-0665-z)

8 Isand K, Feelders R, Brue T, Toth M, Deutschbein T, Reincke M,
KrSek M, Santos A, Demtrdder F, Chabre O, et al. High prevalence
of venous thrombotic events in Cushing's syndrome: data from
ERCUSYN and details in relation to surgery. European journal of
Endocrinology 2024 190 75-85. (https://doi.org/10.1093/ejendo/
lvad176)

9 Dekkers OM, Horvath-Puhd E, Jergensen JO, Cannegieter SC,
Ehrenstein V, Vandenbroucke JP, Pereira AM & Serensen HT.
Multisystem morbidity and mortality in Cushing’s syndrome: a
cohort study. Journal of Clinical Endocrinology and Metabolism 2013
98 2277-2284. (https://doi.org/10.1210/jc.2012-3582)

10 Stuijver DJF, van Zaane B, Feelders RA, Debeij J, Cannegieter SC,
Hermus AR, van den Berg G, Pereira AM, de Herder WW,
Wagenmakers MAEM, et al. Incidence of venous thromboembolism
in patients with Cushing’s syndrome: a multicenter cohort study.
Journal of Clinical Endocrinology and Metabolism 2011 96 3525-3532.
(https://doi.org/10.1210/jc.2011-1661)

11 Wagner J, Langlois F, Lim DST, McCartney S & Fleseriu M.
Hypercoagulability and risk of venous thromboembolic events in

12

13

14

15

16

17

18

19

20

21

22

Endocrine Connections (2024) 13 e240046
https://doi.org/10.1530/EC-24-0046

endogenous Cushing's syndrome: a systematic meta-analysis.
Frontiers in Endocrinology 2018 9 805. (https://doi.org/10.3389/
fendo.2018.00805)

Van Zaane B, Nur E, Squizzato A, Dekkers OM, Twickler MT,

Fliers E, Gerdes VE, Biiller HR & Brandjes DPM. Hypercoagulable
state in Cushing’s syndrome: a systematic review. Journal of Clinical
Endocrinology and Metabolism 2009 94 2743-2750. (https://doi.
org/10.1210/jc.2009-0290)

Chandran DS, Jaryal AK, Jyotsna VP & Deepak KK. Impaired
endothelium mediated vascular reactivity in endogenous Cushing'’s
syndrome. Endocrine Journal 2011 58 789-799. (https://doi.
org/10.1507/endocrj.ej11-0030)

Manetti L, Bogazzi F, Giovannetti C,Raffaelli V, Genovesi M,
Pellegrini G, Ruocco L, Iannelli A & Martino E. Changes in
coagulation indexes and occurrence of venous thromboembolism
in patients with Cushing’s syndrome: results from a prospective
study before and after surgery. European Journal of Endocrinology
2010 163 783-791. (https://doi.org/10.1530/EJE-10-0583)

van der Pas R, de Bruin C, Leebeek FW, de Maat MP, Rijken DC,
Pereira AM, Romijn JA, Netea-Maier RT, Hermus AR, Zelissen PM,
et al. The hypercoagulable state in Cushing’s disease is associated
with increased levels of procoagulant factors and impaired
fibrinolysis, but is not reversible after short-term biochemical
remission induced by medical therapy. Journal of Clinical
Endocrinology and Metabolism 2012 97 1303-1310. (https://doi.
0rg/10.1210/jc.2011-2753)

van Haalen FM, Kaya M, Pelsma ICM, Dekkers OM, Biermasz NR,
Cannegieter SC, Huisman MV, van Vlijmen BJM, Feelders RA,

Klok FA, et al. Current clinical practice for thromboprophylaxis
management in patients with Cushing’s syndrome across reference
centers of the European Reference Network on Rare Endocrine
Conditions (Endo-ERN). Orphanet Journal of Rare Diseases 2022 17
178. (https://doi.org/10.1186/s13023-022-02320-x)

Ali SR, Bryce J, Smythe C, Hytiris M, Priego AL, Appelman-

Dijkstra NM & Ahmed SF. Supporting international networks
through platforms for standardised data collection—the European
Registries for Rare Endocrine Conditions (EURRECa) model. Endocrine
2021 71 555-560. (https://doi.org/10.1007/s12020-021-02617-0)

Nieman LK, Biller BMK, Findling JW, Newell-Price J, Savage MO,
Stewart PM & Montori VM. The diagnosis of Cushing’s syndrome:
an Endocrine Society clinical practice guideline. journal of Clinical
Endocrinology and Metabolism 2008 93 1526-1540. (https://doi.
0rg/10.1210/jc.2008-0125)

Sonino N, Boscaro M, Fallo F& Fava GA. A clinical index for rating
severity in Cushing’s syndrome. Psychotherapy and Psychosomatics
2000 69 216-220. (https://doi.org/10.1159/000012396)

Barbot M, Daidone V, Zilio M, Albiger N, Mazzai L, Sartori MT,
Frigo AC, Scanarini M, Denaro L, Boscaro M, et al. Perioperative
thromboprophylaxis in Cushing’s disease: what we did and what
we are doing? Pituitary 2015 18 487-493. (https://doi.org/10.1007/
$11102-014-0600-y)

Boscaro M, Sonino N, Scarda A, Barzon L, Fallo F, Sartori MT,
Patrassi GM & Girolami A. Anticoagulant prophylaxis markedly
reduces thromboembolic complications in Cushing’s syndrome.
Journal of Clinical Endocrinology and Metabolism 2002 87 3662-3666.
(https://doi.org/10.1210/jcem.87.8.8703)

Miyazato M, Ishidoya S, Satoh F, Morimoto R, Kaiho Y, Yamada S,
Ito A, Nakagawa H, Ito S & Arai Y. Surgical outcomes of
laparoscopic adrenalectomy for patients with Cushing’s and
subclinical Cushing's syndrome: a single center experience.
International Urology and Nephrology 2011 43 975-981. (https://doi.
org/10.1007/s11255-011-9950-9)

Downloaded from Bioscientifica.com at 05/09/2024 07:48:02AM

via Open Access. This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License.
https://creativecommons.org/licenses/by-nc-nd/4.0/



https://doi.org/10.1016/S0140-6736(14)61375-1
https://doi.org/10.1016/S0140-6736(14)61375-1
https://doi.org/10.1210/jcem.86.1.7093
https://doi.org/10.1210/jcem.86.1.7093
https://doi.org/10.1016/S0140-6736(23)01961-X
https://doi.org/10.1016/S0140-6736(23)01961-X
https://doi.org/10.1111/cen.12094
https://doi.org/10.1007/s11102-022-01261-9
https://doi.org/10.1007/s11102-022-01261-9
https://doi.org/10.1530/EJE-17-0997
https://doi.org/10.1007/s12020-015-0665-z
https://doi.org/10.1007/s12020-015-0665-z
https://doi.org/10.1093/ejendo/lvad176
https://doi.org/10.1093/ejendo/lvad176
https://doi.org/10.1210/jc.2012-3582
https://doi.org/10.1210/jc.2011-1661
https://doi.org/10.3389/fendo.2018.00805
https://doi.org/10.3389/fendo.2018.00805
https://doi.org/10.1210/jc.2009-0290
https://doi.org/10.1210/jc.2009-0290
https://doi.org/10.1507/endocrj.ej11-0030
https://doi.org/10.1507/endocrj.ej11-0030
https://doi.org/10.1530/EJE-10-0583
https://doi.org/10.1210/jc.2011-2753
https://doi.org/10.1210/jc.2011-2753
https://doi.org/10.1186/s13023-022-02320-x
https://doi.org/10.1007/s12020-021-02617-0
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1159/000012396
https://doi.org/10.1007/s11102-014-0600-y
https://doi.org/10.1007/s11102-014-0600-y
https://doi.org/10.1210/jcem.87.8.8703
https://doi.org/10.1007/s11255-011-9950-9
https://doi.org/10.1007/s11255-011-9950-9
https://creativecommons.org/licenses/by-nc-nd/4.0/

M Cherenko et al.

23 Wagar M, Chadwick A, Kersey J, Horner D, Kearney T, Karabatsou K,

24

Gnanalingham KK & Pathmanaban ON. Venous thromboembolism
chemical prophylaxis after endoscopic transsphenoidal pituitary
surgery. Pituitary 2022 25 267-274. (https://doi.org/10.1007/
s11102-021-01195-8)

Kastelan D, Dusek T, Kraljevic I & Aganovic I. Hypercoagulable
state in Cushing’s syndrome is reversible following remission.

25

Endocrine Connections (2024) 13 e240046
https://doi.org/10.1530/EC-24-0046

Clinical Endocrinology 2013 78 102-106. (https://doi.
org/10.1111/j.1365-2265.2012.04479.x)

Tirosh A, Lodish M, Lyssikatos C, Belyavskaya E, Feelders RA &
Stratakis CA. Coagulation profile in patients with different
etiologies for Cushing syndrome: a prospective observational
study. Hormone and Metabolic Research 2017 49 365-371. (https://
doi.org/10.1055/s-0043-100113)

Downloaded from Bioscientifica.com at 05/09/2024 07:48:02AM
via Open Access. This work is licensed under a Creative Commons

Attribution-NonCommercial-NoDerivatives 4.0 International License.

https://creativecommons.org/licenses/by-nc-nd/4.0/



https://doi.org/10.1007/s11102-021-01195-8
https://doi.org/10.1007/s11102-021-01195-8
https://doi.org/10.1111/j.1365-2265.2012.04479.x
https://doi.org/10.1111/j.1365-2265.2012.04479.x
https://doi.org/10.1055/s-0043-100113
https://doi.org/10.1055/s-0043-100113
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Abstract
	Introduction
	Methods
	Secondary survey
	VTE in CS survey
	Statistical analyses

	Results
	Patient characteristics
	Cortisol-lowering medical treatment
	VTE prophylaxis
	Protocolled and unprotocolled initiation of thromboprophylaxis
	Thromboprophylactic agents and duration of treatment
	Differences between patients that received and those that did not receive thromboprophylaxis
	Bleeding complications
	Venous thromboembolic event

	Discussion

	Conclusion
	Supplementary materials
	Declaration of interest
	Funding
	Acknowledgements
	References

