
improved survival for patients with many
other types of pulmonary hypertension.
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Pulmonary hypertension after
splenectomy: a consequence of loss of
the splenic filter or is there something
more?
A J Peacock
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The exact mechanism by which pulmonary hypertension develops
after splenectomy remains unclear

P
ulmonary arterial hypertension is a
syndrome—not a disease—and has a
number of causes.1 Included in these

causesareawide rangeofpathoaetiologies
such as HIV infection, portopulmonary
hypertension, intracardiac shunt, chronic
thromboembolic disease, hypoxic lung
disease, connective tissue disease, idio-
pathic pulmonary hypertension, and
familial pulmonary hypertension asso-
ciated with mutation of the BMPR2 gene.
In this issue of Thorax Jaı̈s et al2 have

examined the clinical background of 257

patients referred to their centre for treat-
ment of chronic thromboembolic pulmon-
ary hypertension (CTEPH). They found
that 8.6% of the patients had a history of
splenectomy compared with 2.5% of
patientswith idiopathic pulmonaryhyper-
tension (IPH) and 0.4% in the general
population. They concluded that splenect-
omy alone had caused thromboembolism
and hence the pulmonary hypertension in
these patients. But is this true?
Chronic thromboembolic disease has

been defined as ‘‘pulmonary hypertension

caused by the absence of thrombus resolu-
tion after acute pulmonary embolism
which has resulted in sustained obstruc-
tion of the pulmonary circulation’’. This
view is probably outdated because in 50%
of cases there is no definite history of
venous thrombosis and it is likely that
many cases are a consequence of in situ
thrombosis.3 Bonderman et al4 have
recently looked at the medical conditions
that increased the risk of CTEPH in 109
consecutive patients and found that sple-
nectomy increased the relative risk of this
condition by a factor of 13.
The findings of Jaı̈s et al2 and

Bonderman et al4 are not new—for
example, Hoeper et al5 found an 11.5%
incidence of splenectomy in 61 patients
with pulmonary hypertension. In the
papers by Jaı̈s et al2 and Hoeper et al5 it
appears that splenectomy increases the
risk of both IPH and CTEPH. For example,
Jaı̈s et al found an incidence of splenect-
omy of 2.5% even in the patients with
IPH. Interestingly, of the 22/257 with
CTEPH who had had splenectomy, only
eight were suitable for treatment by the
standard operation of thromboendarter-
ectomy, which suggests that they had
distal disease. This raises the issue of the
continuity between CTEPH, the throm-
botic variant of IPH, and small vessel IPH

EDITORIAL 983

www.thoraxjnl.com

http://thorax.bmj.com


without thrombosis. It may well be that
the primary problem is not simply one of
increased coagulability due to loss of the
splenic filter but one of abnormal
endothelial surface resulting in in situ
thrombosis or another factor. Certainly,
in IPH the survival can be doubled simply
by the use of warfarin and, in these
cases, there is no history of venous
thromboembolism.6

The simplest explanation for the
finding of Jaı̈s et al2 and of the other
authors who have studied this problem
is that, following splenectomy, there is
both thrombocytosis and also increased
numbers of damaged circulating red
cells which will activate these platelets
leading to in situ thrombosis. There is
some evidence for this view. For exam-
ple, we know that in the haemolytic
disorders where there is an excess of
haemolysed red cells there is also excess
coagulability as shown by the increased
capacity of the red cells to generate
thrombin.7 This phenomenon was dis-
covered in patients with thalassaemia
intermedia, but there are a number of
reports of CTEPH in patients with other
haemolytic disorders—for example, pyr-
uvate kinase deficiency,8 congenital
spherocytosis,9 and stomatocytosis.10

The complicating factor is that, for many
of these conditions, splenectomy is a
treatment and therefore it is difficult to
differentiate between hypercoagulability
caused by the splenectomy per se and
hypercoagulability caused by the under-
lying haemolytic disease. Furthermore,
we do not know whether it is simply the
prothrombotic component of the disease
that is important or whether there is
some other factor which could lead to
pulmonary hypertension separately
from pulmonary vascular thrombosis.
For example, haemoglobin released
from haemolysed red cells present in
the plasma would scavenge nitric oxide
which is an important pulmonary vaso-
dilator.
Certainly, when splenectomy is per-

formed to treat a haemolytic disorder,
the combination of the haemolytic dis-
order and the splenectomy seem to
increase the likelihood of pulmonary
thromboembolism further, due in part
to the excess thrombin generated by the
abnormal red cells. Cappellini et al7

studied a large group of adults with
both thalassaemia intermedia and tha-
lassaemia major for up to 10 years and
found a high prevalence of thromboem-
bolic events, particularly in the splenec-
tomised patients, which was associated
with an enhanced capacity to generate
thrombin by the thalassaemic red cells.
This enhanced capacity was not seen in
patients who had a splenectomy for
other reasons—that is, it was not a
function of the splenectomy per se. It is

likely, however, that the splenectomy
exacerbated the situation by the reduced
clearance of abnormal red cells. This
would suggest that, in many cases, it is
not splenectomy alone which causes the
problem but splenectomy in the face of
an underlying haemolytic disorder.
There is some evidence for this view.
Boxer et al11 studied 318 otherwise fit
patients who had been treated by
splenectomy and found that 75% had
increased platelet levels immediately
following the operation but there were
no increased incidence of venous throm-
boembolism. This may be because the
thrombocytosis normally diminishes
following splenectomy and it is only if
it persists that the pulmonary hyperten-
sion develops. For example, Rostagno
et al12 described a patient who suffered
CTEPH associated with long standing
thrombocytosis but, when the thrombo-
cytosis was treated, there was improve-
ment in both the clinical state and in the
pulmonary haemodynamics. Marvin
and Spellberg13 described another
patient who had thrombocytosis and
developed pulmonary hypertension and
right heart failure following splenect-
omy, but treatment of the thrombocy-
tosis with hydroxyurea improved both
vascular and cardiac function.
The finding that splenectomy alone

seems to be benign, but that splenectomy
in the face of an underlying haemolytic
disorder results in a high incidence of
pulmonary hypertension (for example,
Aessopos et al14 found that 59% of patients
with thalassaemia intermedia who had
had splenectomy developed thromboem-
bolic pulmonary hypertension) suggests
that it is a combination of the two
factors—namely, an abnormality of red
cells (and possibly platelets) and splenect-
omy—that leads to pulmonary hyperten-
sion and in situ thrombosis. However,
there is other evidence that splenectomy
can cause pulmonary hypertension in
patients who do not have haemolytic
disorders. For example, Elstein et al15

showed that, in 134 patients with
Gaucher’s disease, 7% had pulmonary
hypertension detected by echocardiogra-
phy. It is interesting thatmost of these had
been treated by splenectomy. In the paper
by Jaı̈s et al2 in this issue ofThorax only four
of the 22 patients who developed CTEPH
after splenectomy had a haemolytic dis-
order, and inmost of the others the spleen
had been removed for trauma.
What is of great interest is the long

time interval (range 2–35 years)
between the splenectomy in the patients
studied by Jaı̈s et al2 and the develop-
ment of thromboembolic pulmonary
hypertension. This suggests either that
the development of pulmonary hyper-
tension is a very slow process or that
some additional factor developed which

resulted in a prothrombotic state, per-
haps a change in endothelial function or
a change in red cell characteristics.
From the above it is clear that sple-

nectomy is a risk for thromboembolic
hypertension, particularly in patients who
have had splenectomy for a haemolytic
disorder. It is also clear that clinicians
should watch these patients carefully and
consider whether long term anticoagula-
tion would be appropriate. We should also
keep an eye on patients who have had
splenectomy for other reasons because
they do not appear to be immune from
the development of pulmonary hyperten-
sion. The exact mechanism by which
pulmonary hypertension develops after
splenectomy, even in patients with under-
lying haemolytic disorders, remains
unclear but provides a fascinating model
for future research.
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