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Summary
Chronic thromboembolic pulmonary hypertension (CTEPH) is
characterized by organized thromboemboli that obstruct the
pulmonary vascular bed.Although CTEPH is a serious compli-
cation of acute symptomatic pulmonary embolism in 4% of
cases, signs, symptoms and classical risk factors for venous
thromboembolism are lacking.The aim of the present study was
to identify medical conditions conferring an increased risk of
CTEPH. We performed a case-control-study comparing 109
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consecutive CTEPH patients to 187 patients with acute pulmon-
ary embolism that was confirmed by a high probability lung scan.
Splenectomy (odds ratio=13, 95% CI 2.7–127), ventriculo-atrial
(VA-) shunt for the treatment of hydrocephalus (odds ratio=13,
95% CI 2.5–129) and chronic inflammatory disorders, such as
osteomyelitis and inflammatory bowel disease (IBD, odds
ratio=67, 95% CI 7.9–8832) were associated with an increased
risk of CTEPH.
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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is a
serious and frequently undiagnosed disorder with significant
morbidity and mortality. It develops in 0.5–5% of nonfatal acute
pulmonary emboli (1, 2), thus being one of the most common
forms of pulmonary hypertension (3). It is characterized by a
combination of fresh and organized thrombi that permanently
obstruct the pulmonary vascular bed. In contrast to venous
thromboembolism, no predisposing factors or underlying medi-
cal conditions have been identified, with the exception of anti-
phospholipid antibodies in 10–20% of patients (4, 5), and plasma
factor VIII>230IU/dl in 25% of patients (6). A few case reports
have suggested a link between chronic thromboembolism and
prior splenectomy (7–9), ventriculo-atrial (VA-) shunt for the
treatment of hydrocephalus (10–16) or chronic inflammatory
conditions (17). The aim of the present study was to systemati-
cally investigate whether these conditions are associated with an
increased risk of CTEPH.

Methods
Due to the low incidence of CTEPH and the length of time until
clinical manifestation, a case-control design was chosen (18).
The study was conducted at the Departments of Cardiology and
Haematology of the University of Vienna between July 1992 and
December 2003. Since pulmonary (thrombo)endarterectomy
(PEA) is a long-term successful treatment option of CTEPH and
this treatment is offered only at the University of Vienna, poss-
ible surgical candidacy of every CTEPH patient in Austria is
evaluated at this institution.

Referring centres
The majority of patients (n=99) were from Austrian centres,
including Internal Medicine (n=26), Pulmonology (n=28),
Cardiology (n=22), Cardiothoracic Surgery (n=5), Haemato-
logy (n=2), and private practice (n=14). Two patients referred
themselves. Three further patients were from Croatia, three
from Italy, two from Germany, one from Hungary and one from
Egypt.
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Patients
We studied consecutive patients with CTEPH (n=109) at the
time of the first diagnostic right-heart catheterization. The diag-
nosis of CTEPH was established by chest X-ray, transthoracic
and transesophageal echocardiography with Doppler, pulmon-
ary function tests including arterial blood gas analysis at rest and
exercise, right heart catheterization, pulmonary angiography,
ventilation-perfusion scan of the lungs, multi-slice and high res-
olution computed tomography. A panel of cardiologists, pul-
monologists, radiologists, and cardiothoracic surgeons reviewed
each case. CTEPH type (19, 20) was classified according to im-
aging, and if available, according to the surgical specimen. All
patients were referred for exertional or resting dyspnea, with 10
patients in NewYork Heart Association functional class II, 67 in
class III, and 32 in class IV. Mean 6-minute walking distance was
280±130m. Pulmonary function tests were within the normal
range in all patients. Elevated antiphospholipid antibody titers
were identified in 16% of patients. The prevalence of established
risk factors for thrombosis (21) was not increased compared with
the general population. One patient showed a combined
G20210A/ATIII deficiency, three patients had hyperhomocys-
teinemia, one patient had protein S deficiency. Heterozygous
Factor V Leiden was present in 5 patients. Pulmonary spiromet-
ric testing was normal, except for a mildly restrictive pattern in
seven patients.

Because CTEPH is a thromboembolic disorder (1, 5), but
does not share any of the established plasmatic risk factors for
venous thromboembolism (4), the most suitable controls were
patients with idiopathic pulmonary embolism who did not devel-
op clinical pulmonary hypertension over time. The term idio-
pathic pulmonary embolism was defined according to current
literature as pulmonary embolism not related to malignancy,
pregnancy, surgery, following medical hospitalization, associ-
ated with serious medical disease such as chronic obstructive
pulmonary disease, congestive heart failure, stroke, nephritic
syndrome, and coagulation defects excluding FVIII or anti-
phospholipid antibodies. Accordingly, 187 patients who pres-
ented consecutively between July 1992 and December 1999 with
acute idiopathic venous thromboembolism and a high probabil-
ity ventilation-perfusion scan of the lungs (22) served as con-
trols. Physical examination of control patients was performed at
three-month intervals during the first year after enrollment and
every six months thereafter until December 2002. Dyspnea on
exertion and/or rest, syncope, or chest pain were considered as
clinical signs of pulmonary hypertension. Echocardiography
was performed in patients who developed any of these symptoms
during the observation period. A thorough medical history of
study participants, specifically focused on the presence/absence
of risk factors under investigation, was obtained. A history of os-
teomyelitis was based on the medical records reporting the dis-
ease, radiographs and extended antibiotic treatment. Patients
showed variable courses of chronic active osteomyelitis. One pa-
tient with inflammatory bowel disease (IBD) was diagnosed
clinically with pelvic osteomyelitis. Patient #4 suffered from in-
fectious bone destruction in the course of meningomyelocele,
while the other patients had open leg fractures requiring surgical
intervention and extended antibiotic treatments. Trauma was
classified as multiple fractures and/or open injuries of the lower

limbs reported in the medical histories, all of which were not
clinically associated with a thromboembolic event.

The diagnosis of IBD was accepted if the clinical, endo-
scopic, histological and radiological criteria according to the
Lennard-Jones classification were fulfilled (23). Evidence for
prior thromboembolism was based on suggestive clinical symp-
toms, and documented phlebography/ultrasound evidence of
deep vein thrombosis, or a high probability lung scan. These data
were extracted from the patients’ medical histories.

Statistical analysis
The prognostic relevance of putative risk factors for CTEPH was
investigated by multiple logistic regression.The risk factors con-
sidered were prior splenectomy, VA-shunt, and chronic inflam-
matory conditions, i.e. osteomyelitis and IBD. Because osteo-
myelitis due to intestinal fistulas and abscesses is common in pa-
tients with IBD (24), and is difficult to diagnose in this setting,
the two conditions were grouped together. To avoid a confound-
ing effect of conditions that had led to splenectomy or osteo-
myelitis, hemolytic anemia and trauma were included into the
analysis. Univariate analysis with risk factors adjusted only for
age and sex (marginal effects) was contrasted with multivariate
analysis with risk factors additionally adjusted for all other risk
factors (partial effects). Results are presented as odds ratios and
corresponding 95% confidence limits and p-values.

Because the occurrence of unfavourable risk factor levels
was low and parameter estimates were relatively large, these
odds ratios were obtained by the penalized likelihood for logistic
regression (25). Furthermore, confidence limits were obtained
using the profile penalized likelihood approach as implemented
in a specialized computer program (26), which for the given
sample gives more reliable results than the standard Wald
approach.

Differences between univariate and multivariate results were
explained by means of partial Kendall’s t correlations (adjusting
for age and sex) of the risk factors. Furthermore, possible depar-
tures from a main effects model were checked. Continuous out-
comes are presented as means±standard deviations. Chi-square
analysis was used to compare frequencies in a contingency table
format.

The study was approved by the ethics committee of the Medi-
cal University of Vienna.

Results
Patients
Mean age of CTEPH patients (55 females, 54 males) was 58±16
years, controls (104 females, 83 males) were 55±16 years old
(p=0.50). Controls were lacking clinical evidence of pulmonary
hypertension during an observation period of 36–125 months
after the initial event.

Ten of 109 CTEPH patients (9%) had undergone splenec-
tomy 24–204 months (mean 118 months) prior to CTEPH diag-
nosis (Table 1). In the control group there was only one patient
with prior splenectomy. Six VA-shunt carriers (6%) were among
the CTEPH patients, versus one in the control group. Three VA-
shunt patients with CTEPH had a history of recurrent shunt in-
fections, and documentation of right atrial thrombus (Table 1,
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cases #2, 3, and 5). Mean device implantation time was 120±87
months. Eleven patients (10%) but no control had a history of os-
teomyelitis of the lower limbs, or IBD. One IBD patient had a
clinical history of pelvic osteomyelitis.

A history of venous thromboembolism was identified in 53
patients (48%). In the group of patients with associated con-

ditions an even greater proportion of 17/27 patients (63%) had
no clinical evidence of venous thromboembolism (p=0.0001).
The mean time interval between the first venous thromboem-
bolic event and the diagnosis of CTEPH was 95 months, with a
range between 7 and 408 months. In 56 patients, no evidence and
symptoms for prior thromboembolism could be identified,
among those were five VA-shunt carriers, eight patients with os-
teomyelitis/IBD and four patients after splenectomy.

Clinical, functional, laboratory, and pulmonary haemody-
namic variables were not different between subgroups, with a
mean pulmonary arterial pressure of 49±15mmHg, pulmonary
vascular resistance of 906±426dynes.s.cm-5, and mixed venous
saturation of 57±12%. As expected, splenectomy was associated
with significantly (p=0.0012) elevated platelet counts
(348±197G/l), but there was no difference (p=0.17) in platelet
counts between CTEPH patients (242±100G/l) and controls
(230± 63G/l). In multiple logistic regression, elevated platelet
counts were not associated with an increased risk of CTEPH
(p=0.53).

Table 1:Clinical characteristics of patients with CTEPH and associated medical conditions.

Patients after splenec-
tomy

age/sex age at splenectomy reason for splenectomy

1 50/f 39 motor vehicle accident

2 59/m 41 hemolytic anemia

3 63/f 45 osteomyelofibrosis

4 62/m 52 trauma

5 55/m 40 hemolytic anemia

6 54/m 42 hemolytic anemia

7 70/f 67 ITP

8 76/m 68 gastric cancer

9 51/f 32 lymphoma

10 61/m 48 gastric ulcer

Patients withVA-shunt age/sex age atVA-shunt reason forVA-shunt

1 35/f 15 internal hydrocephalus

2 31/f 15 internal hydrocephalus

3 74/f 62 arachnoid cyst

4 61/f 53 internal hydrocephalus

5 45/f 24 internal hydrocephalus

6 22/f 18 internal hydrocephalus

Patients with chronic
inflammatory conditions

age/sex age at diagnosis reason for chronic
inflammation

1 62/m 29 Crohn’s disease

2 58/f 48 osteomyelitis

3 55/f 45 ulcerative colitis

4 28/f 15 osteomyelitis

5 53/m 48 osteomyelitis

6 36/m 18 osteomyelitis

7 74/m 58 osteomyelitis

8 50/f 25 Crohn’s disease

9 29/m 22 Crohn’s disease

10 46/m 35 osteomyelitis

11 84/m 25 osteomyelitis

PEA =pulmonary thromboendarterectomy, mt=medical therapy, ITP=idiopathic thrombocytopenic purpura, LTX=lung transplantation, proximal/distal=location of most proximal thrombus by pulmonary
angiography.
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Table 2: Medical conditions and adjusted odds ratios for the
risk of CTEPH.

Condition Cases
(n=109)

Controls
(n=187)

Odds ratios
Marginal effects
(95% CI)

Odds ratios
Partial effects
(95% CI)

Splenectomy 10 (9%) 1 (0.5%) 14 (3.1–129) 13 (2.7–127)

Hemolytic anaemia 3 (3%) 0 (0%) 12 (1.1–1625) 1.5 (0.06–265)

Trauma 5 (5%) 6 (3%) 1.5 (0.4–4.7) 0.7 (0.07–3.4)

VA-shunt 6 (6%) 1 (0.5%) 10 (2.0–96) 13 (2.5–129)

Chronic inflammation 11 (10%) 0 (0%) 46 (5.9–5991) 67 (7.9–8832)
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Risk factors for CTEPH
Splenectomy, VA-shunt and chronic inflammatory states, i.e. os-
teomyelitis and IBD, remained independent risk factors for
CTEPH in the multivariate analysis, with splenectomy increas-
ing the likelihood of CTEPH 13-fold (p=0.015), VA-shunt
13-fold (p=0.0014), and chronic inflammation 67-fold
(p<0.0001). Chronic inflammation and trauma were positively
correlated (t=0.30) and so were splenectomy and hemolytic ane-
mia (t=0.38), which explains why some risk factors lost their sig-
nificance in the multivariate analysis (Table 2). No interactions
of the prognostic factors were observed.

Discussion
Our study demonstrates that prior splenectomy,VA-shunt, osteo-
myelitis and IBD are risk factors for CTEPH. Regarding CTEPH
as an extreme variant of venous thromboembolism, with a re-
ported 3.8% prevalence after an episode of symptomatic idio-
pathic pulmonary embolism (1), these medical conditions must
be considered as novel risk factors for venous thrombosis.

As CTEPH is an enigmatic disease with mostly asympto-
matic pulmonary thromboembolism that is ongoing over years to
decades (5), one methodological difficulty in the present study
was to define an appropriate control group, with controls having
sufficient time to develop symptomatic pulmonary hypertension
within the observation period. According to echocardiographic
studies, systolic pulmonary arterial pressure increases and right
ventricular function declines in the years following acute pul-
monary embolism (2). As exercise capacity is tightly associated
with right ventricular function (27), it was assumed in the present
study that the observation period is sufficient to develop symp-
toms of pulmonary hypertension. However, although it is un-
likely, we cannot exclude that a proportion of patients in the con-
trol group had silently developed CTEPH. When matched non-
anticoagulated patients coming for general admission to the car-
diology department were chosen as controls, the same results
were obtained.

Splenectomy was more frequently associated with distal
types of CTEPH (19, 20) (Table 1), which explains why only one
patient in this group underwent PEA. In previous work, splenec-
tomy has been found associated with thromboembolic disease
(7–9), but also with idiopathic pulmonary hypertension (IPAH)
(28). Thrombus location in sub-segmental pulmonary artery
branches and beyond is a diagnostic challenge in an area where
the diagnoses of CTEPH and IPAH are overlapping (19).

An important observation that contrasts the findings in acute
venous thromboembolism is the frequent lack of clinically sig-
nificant thromboembolic events in CTEPH despite massive pul-
monary arterial thrombus material. More than 50% of CTEPH
patients did not manifest a clinical venous thromboembolic
event in the course of their disease, while an even greater propor-

tion of 17/27 patients (63%) in the group with associated con-
ditions remained free of clinical thromboembolic events.The ob-
servation of a long time interval between an initial event and the
diagnosis is in accordance with previous data indicating that dec-
ades may lie between an initial thromboembolic event and clini-
cal manifestation of CTEPH (29).

CTEPH risk factors are apparently unrelated clinical con-
ditions. The pathogenesis of CTEPH is still unclear but it is
widely accepted that the disease is determined by thromboem-
bolic obliteration triggering an abnormal process of vascular re-
modeling due to a variety of factors, such as shear stress, press-
ure, inflammation, and the release of cytokines and vasculot-
rophic mediators. The observation of an association of CTEPH
with prior splenectomy, VA-shunt, osteomyelitis and IBD pro-
vokes the hypothesis that bacterial infection of the thrombus pre-
cipitates fibrous organization, rendering the thrombus resistant
to classical thrombolysis, and a surface for secondary in situ
thrombosis. For example, three of the six VA-shunt carriers re-
ported a history of recurrent shunt infections, one of them with a
staphylococcus aureus-positive atrial thrombus. In previous
studies VA-shunt infection has been reported in 27% of shunt
carriers (30). Although none of the patients under investigation
had a history of systemic infection after splenectomy, we cannot
exclude episodes of silent, clinically inapparent infection. In
fact, Ejstrud demonstrated an 8-fold increased risk of bacteremia
in splenectomized patients (31). The concept that chronic in-
flammatory conditions might impair the pulmonary arterial fi-
brinolytic system in CTEPH patients, is weakened by previous
data documenting that both plasmatic (32) and pulmonary arter-
ial cell fibrinolytic function (33) are preserved in patients with
CTEPH. However, high expression of plasminogen activator in-
hibitor–1 on the thrombus surface was demonstrated (34), point-
ing to the possibility that inflammatory processes within the
thromboemboli which originate from peripheral sites, could
underlie a very localized fibrinolytic dysregulation that may pre-
vent thrombus resolution.

Despite the limitations that are inherent to a case-control
study design and the difficulties to define an appropriate control
group for a CTEPH cohort, this is the first study to describe
medical conditions that are to be considered novel risk factors for
chronic thrombosis. Since early treatment of pulmonary hyper-
tension is associated with a clear survival benefit (35), identifi-
cation of patient groups at increased risk is important. For
example, HIV infection, anorexigen intake, liver disease, etc.
(36, 37), have been linked to the development of non-throm-
boembolic pulmonary hypertension. Screening of these estab-
lished risk populations has recently been recommended by the
World Health Organization (38) and has become part of the
American College of Chest Physicians’ practice guidelines (39).
Similarly, CTEPH risk populations may greatly benefit from
early recognition and specific treatment in the future.
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