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POINT OF VIEW

Is pulmonary embolism a common cause of chronic pulmonary
hypertension? Limitations of the embolic hypothesis
P. Egermayer*, A.J. Peacock**
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ABSTRACT: The hypothesis that chronic thromboembolic pulmonary hypertension
results from unresolved pulmonary embolism has strongly influenced the diagnosis
and management of this disease since the 1960s. However, it is nearly impossible to
induce chronic pulmonary hypertension in any animal species by means of repeated
embolization of thrombotic material. The haemodynamic effects of thrombotic
pulmonary embolism of different degrees of magnitude have also been studied in
humans and there is little to suggest that chronic pulmonary hypertension is a likely
long term outcome. Furthermore many conditions which predispose to venous
thromboembolism do not appear to cause thromboembolic pulmonary hypertension.
Other arteriopathic and atherosclerotic risk factors, are found in patients with
chronic thromboembolic pulmonary hypertension, but not in those with venous
thrombosis, suggesting that these may be unrelated conditions.
Thrombosis in situ of the pulmonary arteries is common in severe pulmonary
hypertension of any cause. Such thrombosis cannot usually be distinguished from
pulmonary embolism. It is hypothesized that in situ thrombosis and pulmonary
arteriopathy are common causes of vascular occlusion which is usually diagnosed as
"chronic thromboembolic pulmonary hypertension" and that venous thromboembolism is unlikely to be a common cause of chronic pulmonary hypertension. It is further
hypothesized that pulmonary embolism is seldom the sole cause of "chronic
thromboembolic pulmonary hypertension".
Eur Respir J 2000; 15: 440±448.

The autopsy findings of pulmonary hypertension (PH),
right ventricular hypertrophy, and right heart failure have
been recognized by pathologists since the turn of the
century [1]. PH was initially regarded as being caused by
primary pathological changes in the pulmonary vessels
[2]. In 1953 OWEN et al. [3] were among the first to
suggest that PH leading to oedematous right heart failure
could be caused by multiple silent pulmonary emboli [3].
Subsequent commentators have frequently endorsed this
view, however, many were puzzled by the fact that the
emboli resulting in heart failure were usually asymptomatic [4, 5]. Major occlusion of the pulmonary arteries in
association with chronic PH is estimated to occur in
between 0.1±0.4% of autopsies [6, 7]. By comparison
evidence of recent or old pulmonary embolism (PE) may
be found in between 60±90% of all autopsy cases [8].
In modern terminology the disease entity "chronic
thromboembolic PH" (CTEPH) refers to PH in which there
is occlusion of major pulmonary arteries. Most textbooks
and recent reviews consider this occlusion to be primarily
or solely the result of venous thromboembolism e.g.
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"CTEPH is the result of single or recurrent pulmonary emboli arising from sites of venous thrombosis" [9]. The term
"chronic PE" is also frequently employed as a synonym
for CTEPH although the more descriptive term "chronic
major vessel thromboembolic PH" may be preferable,
provided it is understood that the term "thromboembolism" may also include cases of pulmonary artery thrombosis.
A great deal of confusion in this area of medicine derives from historical terminology, particularly with regard to
the terms "primary" and "secondary" PH. In the past "primary PH" has been regarded as a distinct pathological
entity characterized by plexiform arteriopathy [10, 11].
However, more recently primary PH has come to be regarded as a diagnosis of exclusion, and the term "unexplained PH" would be more appropriate. It has become
clear that plexiform arteriopathy is not specific to any
specific category of PH, but may be observed in most
varieties of severe PH regardless of cause, and also in sheep
with PH caused by the creation of vascular shunts leading
to increased blood flow through the lungs [12, 13]. Identifying "causality" is often a matter of opinion, and many
authors continue to refer to "primary PH" occurring in
association with anorexient use and acquired immune deficiency syndrome (AIDS). Similarly, in paediatric patients
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the presence of an alternative cause of pulmonary vascular
occlusion, such as disseminated fibromuscular dysplasia,
may not prevent recurrent silent PE from being invoked as
the possible cause of chronic PH [14]. Most "secondary"
forms of severe chronic PH are clinically and pathologically indistinguishable from primary PH. In the discussion
which follows, whenever possible the authors will avoid
the terms "primary" and "secondary", in favour of the more
neutral term "chronic PH".
There are no reliable clinical criteria to distinguish
CTEPH from PH of other causes [15]. Histological differentiation between in situ pulmonary artery thrombosis
and occlusions caused by thrombotic material of embolic
origin is also difficult if not impossible [5, 16±21].
The purpose of the present discussion is to examine
clinical and experimental evidence which may help to
answer the question: "Is PE a common cause of chronic
PH?" The authors will attempt to arrive at a conclusion by
examining the pulmonary haemodynamic effects of different types of PE. The authors will also suggest hypothetical
alternative pathophysiological mechanisms that might result in CTEPH, and they will try to establish whether the
proximal occlusive lesions of CTEPH are always caused
by acute PE, or whether they are generally a result of more
gradual hypertensive pathological changes affecting the
pulmonary arteries.
Does a single major episode of acute pulmonary
embolism cause chronic pulmonary hypertension?
Major PE causes elevation of pulmonary artery pressure,
which cannot be entirely the result of mechanical occlusion
of pulmonary arteries, or obliteration of the vascular bed,
since ligation of pulmonary arteries or pneumonectomy
does not cause similar elevations of arterial pressure [22].
In the acute situation, >70% of the pulmonary vascular
bed must be occluded before changes in resting pulmonary artery pressure are observed [20]. However, it is likely
that such changes would be more readily detected during
exercise. Humoral factors, particularly 5-hydroxytryptamine, probably contribute to PH following PE [23±25].
Several studies involving serial pulmonary arteriography
and serial lung scans have demonstrated that thrombotic
PE often resolves within a matter of days and resolution is
usually complete within weeks [26±29]. In these studies
60 patients were followed who did not receive anticoagulant therapy because of contraindications or because
they were treated solely by ligation of the inferior vena
cava. In this group the rate of resolution was similar, and
in some cases more rapid, than the rate observed in the
heparin treated patients. The rate of resolution of PE in
situ was not influenced by anticoagulant treatment over 6
months in a recent randomized controlled trial [30]. The
beneficial effects of heparin in the treatment of PE relate
to prevention of recurrence and not to any thrombolytic
properties. Consequently the authors consider the suggestion that CTEPH might result from the persistence of PE
in patients in whom anticoagulant therapy has been inappropriately withheld to be somewhat unlikely.
It has also been postulated that some cases of acute PE
progress to CTEPH because of a failure of fibrinolysis, but
defects in fibrinolysis have seldom been demonstrated
among patients with CTEPH [31, 32]. Long term follow-
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up of patients with acute PE has usually failed to identify
any who proceed to CTEPH [33±36]. Cases of acute PE
which apparently resulted in CTEPH have been reported,
adding to the impression that this is a well established
phenomenon. But these were almost all patients in whom
the pulmonary artery pressure measured at the time of the
acute event was in excess of 40 mmHg [37, 38]. It has
subsequently been established that the normal right ventricle is unable to generate pressures of this magnitude
acutely, so these must mostly have been patients who had
PH prior to the PE in question [39]. Previous PE might
explain this, but many other causes are also possible.
REMY-JARDIN et al. [40] studied the evolution of acute
massive PE in 62 patients over the course of a year using
spiral computed tomography (CT) angiography. This allowed visualization of smaller arteries distal to major
occlusions, which is usually not possible with standard
pulmonary angiography. They found complete resolution
in 30 patients (48%). In a further 24 patients with more
extensive vascular occlusion at the time of diagnosis,
there was incomplete resolution leading to >50% narrowing of the pulmonary arteries, and the development of
chronic PH in five cases. The patients who developed
chronic PH all had chronic arteriopathic changes at the
time of initial presentation. Another eight patients who
had newly developed features of "chronic PE" at followup did not have echocardiographic evidence of chronic
PH. Using this novel and apparently highly sensitive investigational technique these authors have demonstrated
that "chronic PE" need not necessarily be synonymous
with chronic PH.
Nonresolution of clinically suspected massive acute PE
had previously been reported in three young female patients
who were followed for up to 7 yrs [41]. In two of these cases
the pulmonary artery pressure at rest and following exercise was normal at follow-up. In the third case the resting
pressure at follow-up was the same as at baseline, but the
post-exercise mean pulmonary artery pressure was elevated to 45 mmHg, however an exercise test had not been
performed at baseline. These cases confirm the impression that persisting acute major occlusion of the pulmonary arteries does not usually by itself account for the
development of chronic PH, other pre-existing factors are
generally involved. Furthermore, acute PE is often diagnosed, and possibly misdiagnosed, in patients who have
pre-existing pulmonary artery pathology.
Dogs have been the most frequent subjects of experimental PE. Older dogs are susceptible to spontaneous
thromboembolic disease, particularly when there is comorbidity [42]. In this species, impaction of large thrombi in
the pulmonary arteries causes hypoxaemia, but no noticeable cardiovascular effects and only very minor and
transient increases in pulmonary artery pressure [43]. It
has been suggested that dogs may be poor experimental
models for CTEPH due to a more active fibrinolytic pathway than humans. While the evidence for this hypothesis
has been questioned, it cannot be entirely discounted [44].
CTEPH cannot be induced in dogs by large thrombi, unless the dogs have been treated with tranexamic acid to
inhibit fibrinolysis [45].
In summary, the authors are not aware of any convincing
evidence that a single major PE progresses to CTEPH in
humans or in other species.
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Do recurrent episodes of major pulmonary
embolism cause chronic pulmonary hypertension?
Recurrent PE is a frequent cause of death in people with
pre-existing severe cardiovascular impairment. PE is notoriously difficult to diagnose, and recurrent PE even more
so. Most patients with severe CTEPH have episodic dyspnoea, and this often raises the possibility of PE. However
when such patients have previously had lung scans there
are usually no scintigraphic changes to support a diagnosis
of recurrence [46].
A literature search of MEDLINE and EMBASE in
February 1999 using the subject headings "thrombophlebitis" and "PE", and the text words "recurrent" or "recurrence", and "PH" failed to reveal any cases in which
objectively diagnosed recurrent deep venous thrombosis or
PE resulted in later chronic PH, except in patients with
antiphospholipid antibodies, or other diseases known to
lead to PH independently of venous thromboembolism.
However, it was common for authors to assume that observed pulmonary artery occlusions were the result of undocumented previous silent venous thromboembolism.
Absence of proof is not proof of absence, but this negative
result at least serves to emphasize the rarity of this sequence of events. Nevertheless, from general reading, the
authors are aware of six cases of recurrent deep venous
thrombosis which occurred in patients who later developed
PH which these literature searches did not discover.
Curiously, all six cases involved upper limb thrombosis,
which is relatively rare [47±52]. The authors are unable to
account for this apparent association.
It is virtually impossible to induce CTEPH in dogs by
means of repeated embolism of thrombotic material [53].
However, occlusion of $80% of the pulmonary vascular
bed with inert materials such as lead, may induce PH in
the animals that survive [54]. When the contralateral
pulmonary artery was ligated, and autologous thrombi
were subsequently embolized, more significant acute elevations of pulmonary artery pressure were observed in
dogs. However, it was still not possible to cause chronic
PH by repeated injections over a period of 4 months [55].
However, in dogs treated with tranexamic acid to inhibit
fibrinolysis, injected autologous venous thrombi persist
in the pulmonary circulation for up to one yr, and repeated
injections of this material may elevate the resting pulmonary artery pressure to a level of ~35 mmHg over a
period of 30 days [56].
It is concluded that recurrent major PE could cause
chronic PH in some individuals if the cumulative thrombotic load were sufficient and if the episodes were closely
spaced. However, in this situation survival is relatively
unlikely. Consequently this is unlikely to be a common
cause of CTEPH.
Does "miliary pulmonary embolism" cause
pulmonary hypertension?
"Miliary PE" refers to the passage to the lungs of large
amounts of material which is mostly not macroscopically
visible. Nonthrombotic miliary PE as a result of Schistosomiasis and Dilofilariasis is believed to affect millions,
particularly in third world countries. However, in addition
to occluding the microvasculature of the lungs, both the
eggs of Schistosoma mansoni and filarial worms cause an

intense inflammatory reaction with fibrosis of the pulmonary arterioles [57]. A similar vascular reaction, with
granulomatous arteritis resulting in PH, is described
following the intravenous injection of crushed pentazocine tablets intended for oral use [58]. Miliary tumour
emboli are another relatively common cause of right heart
failure, since 2% of patients dying of breast cancer have
these findings [59, 60]. Lacking specific fibrinolytic
mechanisms of removal, tumour emboli generally persist
longer in the pulmonary circulation than thrombotic emboli [61]. Lycopodium spores have been injected into
several animal species and these jagged objects cause
more endothelial damage and greater elevations of pulmonary artery pressure than similar sized smooth latex
microspheres [62].
When individuals with PH and right heart failure do not
have any visible evidence of deep venous thrombosis,
"miliary PE" has frequently been invoked as a possible
cause, but this is considered by some to be biologically
implausible [63]. When miliary emboli consisting of
bland substances find their way into the lungs, adverse
effects are extremely rare. For example, when a lung scan
is performed, radiolabelled particles of albumin or other
microspheres of between 8±50 mm in size are injected, so
as to occlude between 1±5% of the pulmonary vasculature. These particles are removed into the lymphatic
system in the course of 8±24 h. This procedure is remarkably safe, in the 40 yrs during which it has been
employed there have been no reports of chronic PH [64].
Miliary thrombotic embolism also seems to be a relatively
benign event. Prolonged asymptomatic microembolism
was detected by Doppler ultrasound in most patients
undergoing hip or knee arthroplasty, and there were not
apparent adverse effects [65].
Up to 76 injections of finely divided thrombi were required to induce even mild PH in rabbits, and severe PH was
not observed [66]. Persisting PH could also not be induced in dogs despite injection of up to 15 g of copolymer
granules, 35±300 mm in size, over a period of months [67].
Chronic pulmonary hypertension in animals
Chronic PH is observed in many animal species. Examples include rats [68], poultry [69, 70], cattle [71, 72], pigs
[73] and horses [74]. Many stimuli that provoke PH in
man, such as altitude, hypoxia, parasitic infections, patent
ductus arteriosus, endotoxins, anorexient and other drugs
have also been shown to provoke similar responses in
several other mammalian species, suggesting more interspecies similarities than differences [75]. The fact that
chronic PH was not provoked by repeated injections of
thrombotic material in any of the animal species previously discussed, is indirect evidence that such a mechanism may also not be operative in humans.
In contrast, occlusion of the pulmonary arteries of
piglets by coil embolization, produced a condition which
appeared to be histologically and physiologically very similar to CTEPH in humans, but only when tissue adhesive
was also applied to the embolization sites. The postoperative responses of the piglets to thrombendartectomy,
including reperfusion oedema, also closely resembled the
human responses to such surgery [76]. This further confirms the impression that vascular injury much more
extensive than that usually caused by embolization with
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bland thrombus is required to provoke CTEPH in both
animals and humans.
Are venous thromboembolism and chronic
thromboembolic pulmonary hypertension related
conditions?
Venous thromboembolism is common in populations
with a high prevalence of Factor V Leiden and other types
of thrombophilia, but such thrombophilia is not unduly
prevalent among those with CTEPH [77]. However, ~10%
of patients with CTEPH have antiphospholipid antibodies
[78, 79]. Antiphospholipid antibodies are a cause of both
venous and arterial thrombosis, including thrombosis of
the pulmonary arteries [80]. Plasma lipoprotein (a) levels,
a risk factor for atherosclerosis but not for venous thrombosis [81], have also been found to be elevated in patients
with CTEPH [82]. Protein S deficiency, which is also
more of a risk factor for arterial than for venous thrombosis [83], has recently been found to be associated with
CTEPH [84]. Oral contraceptives and oestrogens are considered to be risk factors for venous thrombosis but not
for chronic pulmonary hypertension [85]. Venous thromboembolism is more common among the elderly, while
CTEPH often affects younger adults. Patients with CTEPH
generally present without having had any signs or symptoms of venous thromboembolism [6]. The PH in patients
with CTEPH is progressive, even in the absence of documented recurrence of PE [86]. Following successful
surgical treatment of CTEPH, over 400 patients have been
followed for periods of up to 18 yrs with subsequent detection of PE or deep venous thrombosis in only three cases
(0.75%) [6]. This is in marked contrast to venous thromboembolism where early recurrence rates in patients during
anticoagulant therapy are often between 10±20% [87].
This is despite the fact that the group with operated
CTEPH all have the additional risk factor of major surgery. By comparison, the continuing risk for PE among
patients with previously normal pulmonary angiograms,
is 1.6% over the following year [88]. Patients undergoing
surgery for CTEPH also commonly have filters placed in
the inferior vena cava. These filters protect against recurrence of venous thromboembolism, but there is nevertheless a recurrence rate of ~3% following use of these
devices in patients with venous thromboembolism, which
contrasts with the lower rate of subsequent PE and deep
venous thrombosis when these filters are used in those
undergoing surgery for CTEPH [89, 90].
These considerations prompt the authors to believe that
CTEPH and venous thromboembolism are usually separate
and unrelated conditions.
Can nonembolic mechanisms be involved in the
pathogenesis of chronic thromboembolic pulmonary
hypertension?
The perceived aetiology of a disease may be important
in influencing choice of therapy, for example, if clinicians
believe that recurrent episodes of asymptomatic deep venous thrombosis are causing CTEPH they may decide to
insert an inferior vena caval filter to prevent such episodes.
Failure to detect deep venous thrombosis may be ascribed
to the fact that the thrombus has already embolized. Conversely, if deep venous thrombosis is not regarded as a prob-
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lem in this situation, there would appear to be less reason
to employ this type of invasive therapeutic intervention.
In CTEPH, as in other kinds of chronic PH, a fibroproliferative process of vacular remodelling occurs in the
terminal arterioles, and is largely responsible for increased
vascular resistance. Since the remodelling process commonly affects arteries distal to the site of arterial occlusion,
it cannot be entirely attributed to a pressure effect [91, 92].
Recently the potential importance of arteritis and thrombosis in situ have been proposed as causes of CTEPH [93].
Study of allograft transplants shows that physical trauma,
viral infection and other vascular insults commonly result
in atherosclerosis [94]. PE could represent one form of
insult since it has been shown that PE may sometimes
evolve over a period of months into arterial thickenings
which closely resemble atherosclerotic plaques, and which
contain platelet antigens [95, 96]. Thrombosis is often
associated with these plaques [97]. A similar pulmonary
atherosclerosis has been observed in rabbits following
embolization of bone marrow [98]. The pulmonary arteries examined by angioscopy in CTEPH commonly show
evidence of atheroma, (W. Auger, University of California, San Diego, USA, personal communication, 1996),
and atherosclerosis is commonly found at post mortem in
all forms of PH [99]. As previously mentioned, plasma
levels of apolipoprotein (a), a risk factor for atherosclerosis, are elevated in patients with CTEPH [82]. Markers
of endothelial trauma or dysfunction, such as endothelins,
regularly observed in primary PH, are also found in cases
of acute PE [100]. The relative importance of these
phenomena in the aetiopathology of CTEPH is unstudied.
It has been observed that PH is more likely following
partial vascular occlusions of pulmonary artery segments
than following complete occlusions, suggesting that vasoactive substances produced by turbulent flow may be
involved in the pathophysiology [101]. Interaction of platelets with arteriosclerotic plaques also leads to the release
of vasoactive substances [75].
Based on these observations it is concluded that many
kinds of insult to the endothelium of the pulmonary arteries
may initiate a sequence of events which leads to atherosclerosis, remodelling, and CTEPH. Numerous influences
such as hypoxia, endogenous vasoconstrictors, and inflammatory cytokines could help to sustain this process [75]. PE
could be one such traumatic influence resulting in endothelial damage, but other influences may be more prevalent and more important. Pulmonary vascular responses
to insult are often rather stereotyped. The causes of chronic PH are usually multifactorial and idiosyncratic. A
single cause and effect model, such as the embolic hypothesis is very unlikely to fully explain most cases. Uncritical acceptance of such a model is likely to be a barrier to
further progress. Available evidence (or more precisely
lack of evidence) suggests that physical occlusion of pulmonary arteries by embolic mass may be a relatively unlikely cause of CTEPH. Persistance of embolic occlusion
for weeks or months could possibly cause chronic PH, but
such persistance remains to be adequately demonstrated.
The role of pulmonary endarterectomy
Any theory of the aetiology of CTEPH must account for
the beneficial effects of pulmonary thrombendarterectomy,
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an operation sometimes misleadingly referred to as "delayed embolectomy". Thrombendartectomy is a procedure
which is also employed to remove atheroma in the carotid,
femoral, renal, coronary, and other large arteries, however,
in these locations embolism is seldom postulated as a
cause. The obstructing lesions in CTEPH are not fibrin
thrombi, but intimal plaques, together with masses of
organized material which histologically are very similar to
advanced partially recanalized atheroma [102].
To date only ~1,500 pulmonary thrombendartectomy
operations have been performed worldwide [103]. Consequently few clinicians outside of two or three specialized centres will have any significant personal experience
with the effects of the procedure. The reader is referred
to a recent editorial on this subject, which may dispel
some common misconceptions [103]. The removal of visible thrombus is largely incidental to the operation of
pulmonary thrombendartectomy. In the majority of patients no free thrombus is present and initial direct examination of the pulmonary vascular bed may appear to be
normal.
Vascular obstruction in CTEPH is seldom "localized". In
a series of 400 cases, "localized" disease, limited to only
one pulmonary artery, was found in only 11 patients (3%)
and paradoxically carried a much poorer surgical prognosis
than the usual more generalized involvement [92]. Surgical
success is dependent on complete bilateral endarterectomy
of the entire pulmonary tree [103]. Virtually all patients
with severe PH, regardless of cause, have generalized
arteriopathic changes. These are often poorly appreciated
during conventional angiography which visualises only
third order segmental vessels, leaving 25±26 divisions of
the pulmonary arteries before the capillary bed which are
not shown [63].
Although proximal occlusion of the pulmonary arteries
(main, lobar or segmental) is the defining feature of
CTEPH, in the words of FEDULLO et al. [6] "...it is becoming increasingly clear that hypertensive changes in the
small vessels of the remainder of the pulmonary vascular
bed have a major influence on its natural history." The
histopathological findings in the small pulmonary arteries
of patients with CTEPH cannot be distinguished from
those in primary PH [92]. For unknown reasons improving the flow of blood through the pulmonary arteries by
thromboendarterectomy, often has a beneficial effect in
this condition. From this it may be inferred that extensive
proximal occlusion is in some way contributing to the
pathophysiology, but this does not establish PE as the
cause of the occlusion.
It is widely accepted that chronic PH is an insidious
disease with a long asymptomatic "honeymoon period".
There is no doubt that, as with thrombendartectomy performed at other sites, removal of large obstructive lesions in
the pulmonary arteries has short and medium term beneficial haemodynamic effects in many cases. However,
when follow-up studies of more than a few years become
available, it is possible that, after another long honeymoon
period, the PH, and possibly the vascular occlusions, may
recur in cases where the causative influences persist. Approximately 5% of patients who have undergone pulmonary
thrombendartectomy in San Diego, CA, USA, have suffered a relapse into severe PH after an interval of months or
years [104].

Can embolic occlusion of the pulmonary arteries be
distinguished from in situ pulmonary thrombosis?
Thrombosis of the pulmonary arteries is a very common
complication of many varieties of PH [105]. For example,
CALVERLY et al. [106] found that ~50% of patients with cor
pulmonale due to respiratory failure had pulmonary artery
thrombosis at post mortem. These authors pointed out that
what their pathologists described as pulmonary artery
thrombosis could not have been distinguished ante mortem from PE. PRESTI et al. [107] observed chronic massive
pulmonary artery thrombosis in patients with lung disease, and found that it was invariably located on the side
of the most serious disease, implying retrograde propagation from peripheral to major arteries in diseased lungs.
In this series of over 7,700 post mortems, the incidence of
"chronic massive thrombosis" of the pulmonary arteries
was 0.1%. Since this is the figure given for CTEPH in other
series, it appears that these terms were being used interchangeably in this study [108] As previously discussed,
chronic pulmonary artery thrombosis cannot be distinguished histologically from chronic embolization, consequently other authors have also used these terms interchangeably
without making assumptions as to causation [109]. Fibrinopeptide levels are elevated in patients with chronic PH,
indicating ongoing pulmonary vascular thrombosis, but
levels of platelet proteins and fibrinopeptides do not
allow patients who are classified as having CTEPH to be
differentiated from those with primary PH [108±110].
Complete occlusion of central pulmonary arteries may
also be observed, seeming as an incidental finding, apparently without important haemodynamic effects, in some
cases of "primary pulmonary hypertension" [111]. PH of
any cause predisposes to thrombosis which, in some but
not all cases, may further elevate the pulmonary artery
pressure [10, 19, 112].
The imaging techniques which are used to detect PE can
demonstrate occlusion of pulmonary arteries, but are not
capable of distinguishing the cause. Most clinicians are
well aware that PE is common, and that the presentation is
often very nonspecific or asymptomatic. Consequently,
regardless of clinical findings, patients with chronic PH
who have ventilation perfusion mismatch on a lung scan or
arterial occlusion at pulmonary angiography, are usually
diagnosed as having recurrent PE. But these arteriographic
changes are sometimes found to be due to agenesis, arteritis, sarcoma, fibrosis, tumour embolism, or thrombosis
of the pulmonary artery [113, 115]. Patients with proximal
vascular occlusion and PH due to fibrosing mediastinitis
also have clinical presentation, scintigraphic, angiographic and right heart catheterization findings which
are indistinguishable from those of patients with CTEPH
[116]. There are many nonembolic causes of ventilation
perfusion mismatch in patients with CTEPH [117]. These
alternative diagnoses are often only established at post
mortem or at the time of attempted surgery. In up to 30%
of cases in which alternative specific investigations are
performed, an angiographic diagnosis of thromboembolic
occlusion may prove to be either false positive or false
negative [118].
Anticoagulants are often used in cases of CTEPH in
the expectation of reducing the probability of recurrent
deep venous thrombosis. However, response to anticoagulant therapy does not necessarily imply that venous
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thromboembolism is the cause of CTEPH, since other
varieties of PH also respond to anticoagulant therapy [112±
119]. The mechanism of benefit in these cases remains
speculative, but since primary PH is not thought to be a
condition related to venous thromboembolism, it is
reasonable to assume that anticoagulants may have some
direct beneficial effects on the pulmonary vasculature in
these cases, such as the prevention of in situ thrombosis.

9.
10.

11.

Hypothesis
It is hypothesized that in most cases, CTEPH is a
primary arteriopathy with secondary local thrombosis.

12.

13.

Testing the hypothesis
This could be performed by attempting to induce
chronic pulmonary hypertension in animal species by
means of different kinds of vascular trauma and comparing
the effects with those of experimental thrombotic pulmonary emboli. It would also be interesting to induce changes
by either method, and then submit the animals for subsequent blinded ante mortem and post mortem diagnosis. In
regions where Schistosomiasis is endemic, the arteriopathic hypothesis of aetiology would predict a high incidence of angiographic and scintigraphic changes consistent
with chronic thromboembolic pulmonary hypertension,
and post mortem findings of occluded major pulmonary
arteries. Larger long term follow-up studies of patients
with well diagnosed pulmonary embolism, in whom other
causes of chronic pulmonary hypertension have been excluded, could also be performed to see if any progressed to
chronic pulmonary hypertension.
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