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ABSTRACT: Clinically "severe pulmonary hypertension" is a group of diseases. The
nomenclature of pulmonary hypertensive disorders is confusing since terms like "prim-
ary", "idiopathic", "unexplained" and "plexogenic" are often used interchangeably.

In this Point of view or perspective the authors challenge the validity of the
traditional pathohistological classification as it had been provided by HEATH and
EDWARDS [1]. A classification that is focused on histological and clinical association is
proposed and a recommendation to reorder "Severe pulmonary hypertension" in an
association-morphology-function context is provided.

The purpose of this "perspective" is to stimulate a discussion which hopefully will
lead to a change in the presently used nomenclature and classification of pulmonary
hypertensive disorders.
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The term "primary" or "idiopathic" pulmonary hyperten-
sion (PH) has been used to contrast a disease of unknown
aetiology with pulmonary vascular disease (or diseases)
that are associated with an identifiable cause. However, it
is becoming increasingly clear that the presently used
terminology of PH is no longer useful. Terms like "idio-
pathic," "primary" and "unexplained" PH are still being
used and confuse patients, insurance carriers and often
times physicians. More than 40 yrs ago, there was an
attempt by pathologists to categorize the histopathological
findings of pulmonary vascular disease [1], the term "un-
explained plexogenic pulmonary arteriopathy" [2] was
coined, yet described only one of the histological features
of pulmonary vascular disease. Subsequently, WAGEN-

VOORT [3] promoted the idea that a lung biopsy was
necessary to establish the diagnosis of primary pulmonary
hypertension (PPH). However, with the introduction of
effective therapy aimed at pulmonary vasoconstriction
and blood vessel remodelling, such as calcium channel
blockers [4, 5] and prostacyclin [6, 7], clinicians realized
that the assessment of the vascular reactivity of a given
patient serving as a "functional biopsy" is of some prog-
nostic value and provides guidance for therapy. In con-
trast, knowledge of the lung pathology presently appears
to be of lesser clinical usefulness.

The term "unexplained PH" was used to mean one of
two things: either severe PH at the beginning of the diagno-
stic work-up without identification of a clear cause for sec-
ondary PH; or after all causes for secondary PH had been
ruled out "unexplained" meant "idiopathic" and thus PPH.

As stated, the above mentioned terms are presently
being used interchangeably and there continues to be
confusion regarding the histopathological alterations of the
pulmonary arteries that have been accepted to represent
PPH. Traditionally, the three distinct histopathological
forms of severe PH: 1) plexogenic or plexiform arterio-
pathy; 2) pulmonary veno-occlusive disease; and 3)

pulmonary alveolar haemangiomatosis were all considered
to be forms of PPH, yet they occur with very different
frequencies and may very well be three different diseases.

Another point of confusion is the use of the word
"primary". For example, although it is clear that anorexi-
gen use can cause severe pulmonary vascular disease [8]
identical in any and every aspect to the so-called PPH [9,
10] different investigators use different terms, either
"anorexigen-induced PPH" or "severe PH associated with
the use of anorexigens".

Lastly, the now widely accepted and very successful
therapy of PPH with continuous infusion of prostacyclin
[6, 7] has led to small therapeutic trials of continuous
prostacyclin infusion in patients with severe PH associat-
ed with collagen vascular diseases [11], intracardiac shunts
(R. Barst, Columbia-Presbyterian Medical Center, New
York, USA; personal communication), human immuno-
deficiency virus (HIV)-related severe PH (G. Simonneau,
Hospital Antoine-Beclere, Clamart, France; personal com-
munication) and severe PH associated with portal hy-
pertension [12]. Thus, if several forms of severe PH may
respond to this treatment modality then an insistence on a
sharp distinction between "primary" and severe PH asso-
ciated with anorexigen use or with portal hypertension
(the diagnosis of PPH being based on exclusion of all
known causes) may not be of everyday clinical importance
and perhaps may deny some patients effective treatment.

Recommendation for a departure from the Heath
and Edwards classification

Prior histopathological classifications of severe PH ass-
umed that the underlying alterations of the structure of the
pulmonary arteries resulted either from increased pulmon-
ary artery pressures (as postulated by HEATH and EDWARDS

[1]) or vasoconstriction [13]. As one result of this
"physiological" paradigm, the critically important altera-

Eur Respir J 1999; 14: 1246±1250
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 1999
European Respiratory Journal

ISSN 0903-1936



tions of the pulmonary vasculature in severe PH were felt
to fundamentally involve the medial smooth muscle cells.
Lesions of the intima, including the plexiform lesions
were considered to represent the result of prolonged high
pulmonary artery pressures or alternatively the result of
fibrinoid necrosis [13]. These lesions were considered to
be endstage lesions. The classification of HEATH and ED-

WARDS classification [1] was based on the authors' concept
of progressive changes of the vascular alterations in PH.
According to this classification, the pulmonary vascular
remodelling starts with medial hypertrophy, progresses
through a stage of cellular intimal proliferation and
fibrosis, followed by plexiform lesions, vascular dilation
lesions and necrotizing arteritis. However, it is still un-
resolved today whether this progression actually occurs
and if so relates to the duration of the disease or the
degree of the PH. In addition, it must not be forgotten that
the original paper by HEATH and EDWARDS [1] was based
on the investigation of 67 cases of PH related to congeni-
tal cardiac shunt abnormalities, and that only two of their
67 cases were patients with PPH [1]. Clearly, by includ-
ing these PPH cases, HEATH and EDWARDS [1] assumed
that the pathobiology of PPH was similar to that in pa-
tients with secondary PH.

The authors believe that critical reassessment of the
classification of HEATH and EDWARDS [1], as it pertains to
PPH, is long overdue. Superficially, so-called PPH and
disorders with left-to-right heart shunts may produce sim-
ilar morphological alterations of the pulmonary circula-
tion. However, in PH associated with left-to-right shunt,
one of the factors responsible for vascular remodelling is
probably the increased blood flow and the resulting phe-
notypic alterations of vascular cells caused by increased
shear stress [14]. There is no evidence that a similar
mechanism (i.e. flow mediated shear stress) initiates the
cellular events in "PPH".

Given that pulmonary vascular remodelling includes both
vascular smooth muscle cells (VSMC) and endothelial cell
abnormalities, the authors believe that what is fundamen-
tally altered in vascular remodelling is the VSMC-endo-
thelial interaction. Although separated by the internal elastic
lamina, VSMC and endothelial cells form essentially a
syncytium. This syncytium responds to haemodynamic
stress with an adaptive response that is teleologically app-
ropriate. It makes "sense" for the haemodynamically
stressed pulmonary vessel to fortify its wall. This normal,
adaptive response is characterized by longitudinal extension
of the smooth muscle cells and by smooth muscle cell
hypertrophy. How the increase of pressure, vessel wall
tension and shear stress are sensed by the endothelial cells
and translated into this adaptive response is not understood.
The authors can surmise that VSMC migration and perhaps
pericytedifferentiationoccur in response toa combination of
haemodynamic stress, hypoxia and inflammatory stimuli.

Medial hypertrophy occurs indiscriminately in all forms
of mild or severe PH, both in reversible and in irreversible
forms of PH. The classification of HEATH and EDWARDS [1]
of severe PH, devised in 1958, was based solely on the
analysis of haematoxylin and eosin stained slides and
implied, as already stated, a sequence of morphological
events in PH, which always starts with medial hypertro-
phy and subintimal changes. According to the classifica-
tion, if medial hypertrophy is not readily apparent, there is

no need to search for endothelial cell alterations, and
therefore, it is not a case of PH! This is clearly not so [15].

There is growing evidence for a strong genetic influence
in PPH, both at the level of genetic inheritance [16, 17] and
the possible presence of somatic mutations that confer a
growth advantage during the clonal expansion of pulmon-
ary endothelial cells [10, 18]. In contrast, there is curr-
ently no clear concept that links the medial hypertrophy
or the subintimal changes pathogenetically to the so-
called "advanced" or "terminal" vascular lesions (HEATH

and EDWARDS [1] grades 4 through 6).
It is proposed that severe, sporadic PH and some forms

of severe PH (such as associated with HIV infection, liver
cirrhosis or the calcinosis, Raynaud's phenomenon, oeso-
phageal involvement, sclerodactyly, and telangiectasia
(CREST) syndrome) involve alterations of all vascular
cells (endothelial cell, smooth muscle cells and fibroblast)
and that the alterations are not necessarily or only related to
alterations of pulmonary artery pressures or pulmonary
artery flow. Perhaps extravascular factors also play a role.
It is the authors' hypothesis that endothelial cell dysfunc-
tion is at the centre of the mechanisms that account for the
development of severe pulmonary hypertension and that
abnormal growth of endothelial cells within the pulmonary
arteries is important in the pathobiology of severe PH. It is
believed that medial and subintimal smooth muscle cell
alterations and pulmonary endothelial cell growth and dys-
function are all present from the beginning of the disease.

Three-dimensional reconstruction studies indicate that
endothelial cell proliferation, mostly in the form of plexi-
form abnormalities, occurs in the area of vascular bifur-
cations and further that plexiform lesions occur always
proximal and concentric intima fibrotic lesions occur distal
to the plexiform lesions [15]. It appears that the pathohis-
tological findings allow a grouping of pulmonary vascular
diseases based on the presence or absence of endothelial
cell proliferation.

The authors recommend that the classification of HEATH

and EDWARDS [1] should not be used any longer and that it
should be replaced by an aetiology-neutral description of
the key vascular abnormalities. An example of such a new
histopathological classification is presented in table 1.

Table 1. ± A possible new histopathological classification
of pulmonary hypertension

Precapillary changes
Endothelial cell proliferation (based on endothelial cell
immunostaining);

a. Small clusters
b. Plexiform lesions
c. Dilation lesions

Smooth muscle cell changes (based on smooth muscle cell
immunostaining);

a. Intima
b. Media

Adventitia-fibroblasts
Thrombi

Postcapillary changes
Vein wall thickening

Capillary changes
Capillary haemangioma

Associated findings
Perivascular inflammation
Recent/old haemorrhage
Septal fibrosis
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Association

Pulmonary
Hypertension
gene(s)

Angiogenesis

1.  Not known, sporadic

2.  Familial

3.  Cardiac abnormality

4.  Liver disease

5.  Collagen vascular disease

6.  Drug induced

7.  HIV, hepatitis C (viral)

8.  Sickle cell disease

9.  Schistosoma

Angiogenic

endothelial cell proliferation

polyclonal

monoclonal

Morphology Precapillary

Stress-adaptive

media hypertrophy

concentric

Association

thromboembolism

intravascular sarcoid

Morphology     capillary

Haemangiomatous lesions

Morphology     post capillary

Veno-occlusive disease

Obliterative

subintima fibrosis
thrombi, in situ thrombosis
recanalization

Association

3.  Kyphoscoliosis

1.  High altitude disease

2.  Interstitial lung diseases

4.  (Obstructive) sleep apnoea

5.  Chronic obstructive pulmonary disease

A  ssociation
M orphology
F  unction

Chronic hypoxic conditions

Hypoxia
suscepitibility
genes

Function

Preserved cardiac output

Low cardiac output

vasodilator
response

- vasodilator
  response

1.  Virus
2.  Drugs

Fig. 1. ± Severe pulmonary hypertension: association, morphology, function (AMF) classification. A schematic that groups pulmonary vascular disease according to their dominant morphological features and sites,
and according to their association with clinical and functional presentations.
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Recommendation for a classification based on
associated conditions

In the following it is suggested that a new nomenclature
that will be more flexible and devoid of terminology that
continues to be confusing is considered.

The authors propose to eliminate the terms "primary,"
"idiopathic" and "secondary" PH. Instead, they propose the
consideration of a classification that deals with all forms of
severe PH. The ordering principle of this classification
could be based on known associations (A), the histo-
pathological features (morphology) (M), and the functional
assessment of the patient at the time of diagnosis (F). This
new classification should allow a degree of flexibility and
should be able to accommodate new pathobiological in-
sights, new treatment strategies and allow the assessment
of outcomes.

An example for a classification that is based on shared
key morphological criteria, the site of the vessel lesions
(precapillary or postcapillary), the known associated medi-
cal conditions and on the functional status of the patient is
presented below. (fig. 1) The authors propose to separate
groups of associations according to the historically de-
scribed pathohistological findings. It is now clear that a
pathologist cannot, after examination of the lung tissue
sections, decide whether the tissue is from a patient with
HIV-associated PH, a patient with anorexigen-induced
PH, a patient with PH and portal hypertension or a patient
with familial PH [19, 20].

Alternatively, lung diseases associated with hypoxaemia
or syndromes characterized by disordered breathing and
hypoxaemia can be grouped together because their prom-
inent key histological feature is vascular media thickening,
whereas endothelial cell proliferation is generally absent or
not very prominent [21, 22].

Veno-occlusive disease is mostly a postcapillary prob-
lem and not characterized by endothelial cell proliferation,
therefore, probably pathogenetically different from the
group of endothelial cell proliferative manifestations.

The authors' proposed "Association-Morphology-Func-
tion" (AMF) classification would describe a patient (for
example) as a patient with "severe PH, associated with
anorexigen use, who has a low cardiac output and no
response to acute vasodilator treatment". Implied in this
statement is that the histopathological picture in this case is
very probably characterized by endothelial cell prolifera-
tion, plexiform lesions, media hypertrophy and perhaps in
situ thrombosis. Implied also is that this patient has a grave
prognosis and will probably require treatment with pros-
tacyclin.

On the other hand, a patient with kyphoscoliosis-asso-
ciated PH will have a preserved cardiac output and the PH
will likely be reduced by oxygen treatment; the lung
vascular remodelling in all likelihood is dominated by
muscularization of precapillary arteries, in situ thrombosis
may or may not be present.

Of pathobiological importance may be that patients with
sporadic ("primary") PH with familial PH and with anor-
exigen-induced severe ("primary") PH demonstrate pul-
monary endothelial cell proliferation which is monoclonal,
whereas this is not the case in patients with plexiform
lesions and congenital intracardiac shunts or PH associated
with the CREST syndrome [18].

The authors also propose that there is one set of genetic
susceptibilities that facilitates the development of endo-
thelial cell proliferative disorders and a different set of
genes that is involved in the hypoxia-associated pulmonary
vascular remodelling.

The response of a given patient with severe PH to acute
vasodilator treatment is critically important because pa-
tients that show a clear haemodynamic response to acute
prostacyclin [23, 24], adenosine [25] or inhaled NO [26]
tend to respond, at least initially, to treatment with cal-
cium antagonists [27].

With this perspective the authors wish to stimulate a
discussion which hopefully will lead to a change of the
presently used nomenclature and classification of pulmon-
ary hypertensive disorders. The proposed AMF classifica-
tion emphasizes the reordering of precapillary forms of
PH. Certainly, other classifications could be proposed.

In conclusion, it makes a difference how pulmonary
vascular diseases are named, generally, actions follow
words. Many patients with severe, unreactive pulmonary
hypertension may be treated in the future in the fashion in
which patients with so-called primary pulmonary hyper-
tension are currently treated.
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