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ABSTRACT: The aim of the study was to see if there was any correlation between
the histopathology, ultrastructure, pulmonary endocrinology and clinical manifes-
tations of end-stage primary pulmonary hypertension.

Twenty patients undergoing heart-lung transplantation for the disease were stud-
ied.  The nature and duration of symptoms and signs, results of haematological,
electrocardiographic, radiographic, echocardiographic and haemodynamic studies,
and the response of patients to vasodilators were compared with data from histopatho-
logical and ultrastructural study of lungs removed at transplantation.

Length of clinical history and clinical evidence of severe disease were not neces-
sarily associated with advanced histopathology, nor did the presence of small, con-
tracted muscular pulmonary arteries imply responsiveness to vasodilators.  Numbers
of gastrin-releasing peptide-containing pulmonary endocrine cells were greater in
lungs in which there was activity of myofibroblasts in pulmonary arterial vessels,
and correlated negatively with mean pulmonary artery pressure and pulmonary
artery systolic pressure.

Whereas the prognosis of primary pulmonary hypertension cannot as yet be
defined by other than its clinical manifestations, intimal proliferation as well as
vasoconstriction may be important in its pathogenesis.  The release of gastrin-
releasing peptide from pulmonary endocrine cells may possibly be involved in this
process.
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In primary pulmonary hypertension (PPH), the clas-
sical pathological finding is plexogenic pulmonary arte-
riopathy [1–3].  This is characterized by a triad of
plexiform lesions (which are its hallmark), concentric
laminar ("onion-skin") proliferation, and fibrinoid necro-
sis.  In the early stages of the condition, however, the
changes are much more subtle, and involve migration
of transformed myocytes from their original location in
the inner half of the media of involved muscular arter-
ies through the internal elastic lamina into the intima,
where they assume the characteristics of myofibroblasts
and proliferate.  This situation represents the "preplex-
iform" phase of plexogenic pulmonary arteriopathy.  As
plexiform lesions mature, they become fewer, smaller
and less cellular,  and undergo progressive fibrosis.

Although the histopathology [2–5], ultrastructure [6,
7], pulmonary endocrinology [8, 9], and clinical mani-
festations [1, 10, 11], of the condition have been described,
their correlation has not been closely studied.  The heart-
lung transplantation programme at Harefield Hospital
has provided a unique opportunity to correlate the clin-
ical and pathological features in a single population of
patients with end-stage primary pulmonary hypertension.

The aim of this study was to assess whether the clinical
features (mode of presentation, rate of progression and
physical findings), the severity of pulmonary hyperten-
sion and the response to vasodilator therapy correlated
with the pathological findings in the lungs removed at
transplantation.

Patients and material

General details

Twenty consecutive patients with PPH, who under-
went heart-lung transplantation at Harefield Hospital,
Middlesex, UK, were studied.  There were 14 females
and 6 males, with a mean age of 26 yrs (2–51 yrs) at
the time of transplantation.  From a review of their pre-
operative notes (including those of the referring centre),
all pertinent clinical data were retrieved, including clinical
history, nature and duration of symptoms,  physical findings
at preoperative examination, and results of routine pre-
operative haematological and biochemical investigations.
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Cardiological studies

These included electrocardiography, chest radiography
and an echocardiogram.  Cardiac catheterization was per-
formed in 18 of the 20 patients within 2 yrs of opera-
tion.  Using two dimensional echocardiography, a scoring
system was used to stratify patients according to relative
right and left ventricular sizes.  Grade 1 described the
normal heart with left ventricular dimensions exceeding
those of the right ventricle; in grade 2 the right ventric-
ular dimensions approximated to those of the left; and
grade 3 described compression of the left ventricle by
the right.  Ideally, these hearts would have been exami-
ned after removal, but this was impossible as all were
used for further transplantation.

Response to vasodilators

Response to vasodilators was assessed, a favourable
response being defined as a >30% reduction in pulmonary
vascular resistance, with a >20% increase in cardiac out-
put.  No patient had been on long-term vasodilator ther-
apy preoperatively.

Pathological studies

At operation, pulmonary tissue was removed and pre-
pared for histopathological and ultrastructural examina-
tion.  Between 5 and 12 blocks of tissue were taken from
each pair of lungs and embedded in paraffin wax.  One
millimetre cubes of tissue were taken for electron
microscopy.  These pathological studies were performed
in the absence of knowledge of the pretransplant clini-
cal diagnosis.

Study of pulmonary endocrine cells. Sections were cut
at 4 µm and labelled by the peroxidase-anti-peroxidase
(PAP) method using polyclonal primary antisera raised
in rabbit to calcitonin (Dako, Bucks, UK) and gastrin-
releasing peptide (GRP) (Cambridge Research Bio-
chemicals, Altrincham, UK) at a dilution of 1:4,000.
These are the two peptides most prevalent in adult human
pulmonary endocrine cells [12].  Incubation was for 18
h at constant humidity and a temperature of 4°C.  Each
primary antiserum was linked to PAP complex (Dako)
diluted 1:100 by swine anti-rabbit serum (Dako) diluted
1:50.  Both of these stages were performed at room tem-
perature, with incubation lasting for 30 min. The chro-
mogen was 3-amino-9-ethyl carbazole.

Liquid phase absorption studies were performed for
calcitonin and GRP, in which increasing amounts of anti-
gen were added to 1 ml aliquots of antiserum at increas-
ing dilution and incubated for 18 h at 4°C. Addition of
the appropriate antigen at a concentration of 25 ng·ml-1

of antiserum quenched all staining, as tested by the use
of tissue section controls.  The tissue control for calci-
tonin was a section of a human medullary carcinoma of
the thyroid.  That for GRP was a section of human foetal
lung.

An assessment of the number of immunoreactive cells
containing the two peptides was made by counting their

number and expressing it per square centimetre of tissue
section as measured by planimetry.  Although this method
has been used frequently in the past, the most accurate
way of quantifying numbers of pulmonary endocrine cells
is to express them in terms of the total epithelial popu-
lation (e.g. endocrine cells per 10,000 epithelial cells)
or, more simply, in terms of epithelial length (e.g.
endocrine cells per 10 cm of epithelium) [12].

However, with collapsed lung, crenation of the small-
er airways occurs and the accuracy gained by applica-
tion of these methods of quantification is largely lost,
especially if attempts are made to express endocrine cells
per 10,000 epithelial cells, when the calculation of the
number of epithelial cells per unit length of epithelium
is impossible to carry out with accuracy. Neither does
this approach permit quantification of parenchymal
endocrine cells which, although very sparse in normal
human lungs, often appear in pulmonary disease [12].

In view of these problems, and since the tissue we had
for study was unavoidably collapsed, we considered that
no benefit would be gained by attempting to apply such
methods of quantification.  In addition, and most impor-
tantly, we knew from previous studies on these diseased
lungs that clusters of endocrine cells were to be seen not
only in airways, but also in alveoli, a location which
would prevent their quantification in terms of epithelial
length or of the total epithelial population.

The majority of the airways in the tissue studied were
terminal and respiratory bronchioles with few intrapul-
monary bronchial branches; there were no extrapulmonary
airways at all.  The area of each section occupied by air-
ways was 14±4% of its total area, so that, despite the
structural heterogeneity of the lung, careful sampling
meant that there was little variation in the proportion of
the different components of the lung in the blocks taken
for study.

For the purposes of comparison, these data were com-
pared with endocrine cell counts in two groups of four
age- and sex-matched controls, who were dying with no
evidence of cardiopulmonary disease.

Histopathology and ultrastructural studies. Sections
stained with haematoxylin and eosin, an elastic and van
Gieson method and for the Perl's Prussian blue reaction
were studied, and the following features were noted or
measured; presence and nature of plexiform lesions; the
nature of intimal proliferation in muscular pulmonary
arteries; the presence and characterization of muscular-
ized arterial vessels <80 µm in diameter; the presence of
thrombi in muscular pulmonary arteries; the severity of
atherosclerosis in elastic pulmonary arteries; the per-
centage intimal obstruction in pulmonary veins; and the
presence of haemorrhage or infarction.  Finally, ultrathin
sections were examined by electron microscopy as described
previously [6, 7] for evidence of muscular evaginations,
a marker of vasoconstriction in animals [13].

Statistical methods

Comparisons between the presence or absence of myofi-
broblasts and the numbers of pulmonary endocrine cells
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immunoreactive for GRP and calcitonin were made using
the Mann-Whitney U-test, appraised one-tailed.  Clinico-
pathological correlations were assessed using multivari-
ate regression analysis.

Results

Clinical presentation

The natural history of the condition showed remark-
able variability.  At one extreme, a male patient with
familial primary pulmonary hypertension presented acute-
ly and deteriorated rapidly, requiring urgent transplanta-
tion within 5 months.  At the other extreme, a female
patient presented with haemoptysis 17 yrs before the
gradual progression of her condition necessitated trans-
plantation.  The mean duration of symptoms was 5 yrs
at the time of transplantation and the course was con-
sidered aggressive (≤2 yrs) in nine patients, and benign
(≥10 yrs) in four (table 1).

Dyspnoea on exertion was the commonest presenting
symptom, occurring in 17 patients.  Associated present-
ing symptoms included cyanosis on exertion in six patients,
general malaise in two, chest pain in two, and haemop-
tysis and syncope in one patient each.  Dyspnoea devel-
oped in all subjects during the course of their illness,
and clinical progression of the disease was clearly asso-
ciated with increasing dyspnoea.  Cyanosis occurred in
15 patients, initially being exertional only, i.e. develop-
ing only when exercised on a treadmill, but becoming
fixed (i.e. present at rest) in 13 prior to transplantation.
Chest pain was a feature in eight patients, and four of
these described chest pain on exertion.  Presyncope was

reported by five patients, and recurring syncope occurred
in three.  Haemoptysis, abdominal pain and malaise were
each described by two patients.

Physical findings

In order of frequency, the following findings were evi-
dent at the pre-operative examination:  a loud pulmonary
component of the second heart sound in all; parasternal
heave in 19; fixed cyanosis in 13; elevated jugular venous
pressure in 13; pulsatile hepatomegaly in 11; right ven-
tricular gallop in 11; ankle oedema in 9 and ascites in
5 (table 1).

Associated conditions included Raynaud's phenome-
non in two patients (cases No. 5 & 7), systemic lupus
erythematosus (case No. 5), hyperprolactinaemia (case
No. 4) and systemic hypertension (case No. 19).  One
patient had familial primary pulmonary hypertension
(case No. 20).

Laboratory investigations

Haematological and biochemical. The full blood count
was normal in all but two patients, both of whom had
polycythaemia (case No. 3 Hb 17 g·dl-1; case No. 5 Hb
18 g·dl-1).  Indices of renal function were normal in 16;
the urea was between 7 and 10 mmol·l-1 in the remain-
ing four; and the creatinine level was 170 µmol·l-1 in one
patient (case No. 12).  Serum bilirubin and hepatic
enzymes were normal in eight patients, with minor abnor-
malities in all patients with right heart failure (mean
bilirubin 34 µmol·l-1) and hepatomegaly (mean bilirubin
32 µmol·l-1).

B.P. MADDEN ET AL.

Table 1.  –  Clinical features of the patients (n=20) with primary pulmonary hypertension

Case     Age      Sex      Presenting      Additional       Disease       RVF       RV-S3       Hepato-     TR      PR
No.       yrs                 symptoms       symptoms    duration* yrs                              megaly 

cm

1  4  F  D, C   PS   2    +  -   4 -  - 
2 8 F D C 3 - - + +
3 17 F D,C PS 13 - - 8 + +
4 22 F Asc D, C, PS 4 + + 6 + +
5 24 F D, S C, CP 2 + + 4 + -
6 26 F D, CP C 8 - - - +
7 28 F Hpts D, C 17 - - 2 - -
8 29 F D, C 12 - + 2 + -
9 32 F D, M C, PS 2 + + 6 + -

10 34 F D, CP 1 - + + -
11 36 F D, Hpts C 6 + - 7 + +
12 36 F D, C 10 - + + -
13 45 F D, Asc CP 4 + + 8 + -
14 51 F D C, CP 7 - + - -
15 2 M D, C 2 - - - -
16 12 M S D, CP 2 + + 4 + -
17 21 M D CP, PS 2 - - - +
18 29 M D, C S, CP 0.3 - - + -
19 30 M D, M C 3 + + 6 + +
20 39 M D 0.3 +** + - -

*: onset to transplant; **: low output.  RVF: right ventricular failure; RV-S3: right ventricular third heart sound; TR: tri-
cuspid regurgitation; PR: pulmonary regurgitation; D: dyspnoea; S: syncope; C: cyanosis; Asc: ascites; PS: presyncope; CP:
chest pain; M: malaise; Hpts: haemoptysis;  +: present; -: absent; F: female; M: male.
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Cardiological. Electrocardiographic evidence of right
atrial hypertrophy was present in 19 patients and right
ventricular strain in all.  The chest radiograph was nor-
mal in six, but showed cardiomegaly in the remaining
14, and prominence of the hilar shadows in 12.  The
echocardiograph was abnormal in every patient (table 2).
In 12 patients, including all patients with right heart fail-
ure (as defined by elevated jugular venous pressure,
peripheral oedema and ascites) the right ventricle was
clearly larger than the left (Grade 3).  The remaining
eight patients were classified as Grade 2.  Data obtained
at cardiac catheterization are presented in table 2.  The
mean pulmonary artery pressure for the group was 77
mmHg,  the mean pulmonary vascular resistance 29 mmHg·
l-1·min and the mean cardiac output 2.4 l·min-1.

Response to vasodilators. Five patients had received
prostacyclin in their referring centre, (commencing at 5
ng·kg-1·min, increasing to 20 ng·kg-1·min, and continuing
on this dose for 2 h).  All of these patients received a
minimum of 15 min of 100% oxygen as a further test
of reversibility.  No patient demonstrated a therapeutic
response to prostacyclin.

Pathology

Histopathology. The histological features of primary pul-
monary hypertension were present in all subjects (table
3).  Plexiform lesions were seen in 15 patients, being
cellular in nine and mature in six.  In the remaining five
patients, intimal proliferation and/or muscularization of
pulmonary arterioles and preplexiform changes were
found; myofibroblasts were particularly obvious in the

intima of small pulmonary arteries and arterioles in four
of these cases, as well as in one patient with cellular
plexiform lesions.  Of the five patients who received
prostacyclin, myofibroblasts were obvious in three and
fibroblasts were present in the remaining two.  Muscular-
ization of pulmonary arterioles was noted in three of the
five patients in the preplexiform group and in one of the
nine patients in whom cellular plexiform lesions were
observed, but was not found in those patients with mature
plexiform lesions.  Marked medial hypertrophy with thick-
ening and crenation of elastic laminae, which were of
equal thickness, was seen in muscular pulmonary arter-
ies in four of the patients in the preplexiform stage, in
five patients with cellular plexiform lesions, and in two
patients with mature plexiform lesions, as well as in all
patients who received prostacyclin.  This appearance sug-
gests possible sustained contraction during life.  Thrombi
were present in muscular pulmonary arteries in 13 patients.
In 12 patients, atheroma of elastic pulmonary arteries
was  also present.  The occurrence of thrombi and athero-
matous lesions was independent of the presence or nature
of plexiform lesions.

The proportion of luminal obstruction in pulmonary
veins ranged from 0–36%.  It was more pronounced in
patients with a longer duration of disease (Spearman's
r=0.52; p<0.01).  Furthermore, percentage luminal obstruc-
tion was related to the sex of the patient, the male mean
of 10. 5% being significantly lower than the female mean
of 23.9% (p<0.025).

Parenchymal haemorrhages of various ages were seen
in 16 patients, and coexisted with infarction in eight.
Pulmonary endocrine cells. There was a difference in
the numbers of GRP and calcitonin-containing endocrine
cells, when the 20 subjects studied were divided into two
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Table 2.  –  Cardiac catheter and echocardiographic findings

Case      ECG P-wave       RVH            Ppa,Sys          Ppa             PVR            SvO2 CO         ECG
No.            mV                                mmHg        mmHg       mmHg·l-1·min        %      l·min-1 Grade

1   3   +   90   64   48   73   1.2    3
2 4 + 112 67 21 69 2.7 3
3 5 + 168 111 43 68 2.4 2
4 6 + 95 61 25 70 2.0 3
5 3 + 86 62 18 65 3.0 3
6 3 + 94 76 30 58 2.1 2
7 4 + 120 96 33 60 2.6 3
8 2 + - - - - - 2
9 3 + 100 61 24 60 2.1 3

10 3 + 100 70 24 70 2.4 2
11 3 + 100 80 28 55 2.5 3
12 3 + 132 87 29 68 2.6 2
13 4 + 90 50 14 69 2.9 3
14 3 + 120 65 20 61 2.4 2
15 3 +   - - - - - 2
16 4 + 140 90 40 71 2.1 3
17 3 + 115 84 29 35 2.3 3
18 4 + 101 64 28 66 2.1 2
19 4 + 140 100 22 66 4.2 3
20 4 + 118 98 53 58 1.7 3

ECG: echocardiographic; RVH: right ventricular hypertrophy; Ppa,sys: pulmonary arterial systolic pressure; Ppa: mean pul-
monary arterial pressure; PVR: pulmonary vascular resistance; SvO2: pulmonary mixed venous oxygen saturation; CO: car-
diac output; -: cardiac catheter data not available; +: present.



groups according to activity of myofibroblasts.  In the
five patients with active migration of myofibroblasts, the
number of cells immunoreactive for GRP averaged 97
cells·cm-2 of tissue section, compared with 21 cells·cm-2

of tissue section in the 15 patients in whom activity of
myofibroblasts was not observed. This difference is high-
ly significant (p<0.001).  Similarly, the number of cells
immunoreactive for calcitonin averaged 13·cm-2 of tis-
sue section in those patients in whom myofibroblasts
were evident, compared with 2.3 cells·cm-2 of tissue sec-
tion in those in whom myofibroblasts were not seen.
Once again, the difference in numbers of endocrine cells
is highly significant (p<0.001).  There was no statisti-
cally significant difference between the numbers of pul-
monary endocrine cells in patients with cellular plexiform
lesions (without myofibroblasts) when compared with
those patients with mature plexiform lesions.  In pul-
monary tissue assessed identically, but from four con-
trol subjects with a mean age of 6 yrs, there were means
of 11 endocrine cells·cm-2 of tissue section immunore-
active for GRP, and just 1 cell·cm-2 immunoreactive for
calcitonin.  In a group of four subjects with a mean age
of 24 yrs, corresponding counts were 10 and 1 cells·cm-2.

Ultrastructure. Electron microscopy did not reveal mus-
cular evaginations in any case.

Clinicopathological correlation

Using multivariate regression analysis, no clinical fea-
ture was strongly predictive of any histological finding.
Age and sex had no relationship to histopathology.  Short
duration of disease, low pulmonary vascular resistance,
low pulmonary systolic arterial pressure, absence of

cyanosis or right ventricular failure and Grade 2 echocar-
diogaphic changes were not predictive of an early (pre-
plexiform) histopathology.  Likewise, a long history or
clinical indices of severe disease was not necessarily
predictive of advanced (mature plexiform lesions) histo-
pathology.

However, there was a statistically significant inverse
relationship between mean pulmonary artery pressure
and numbers of pulmonary endocrine cells immunore-
active for GRP, (Spearman's r=-0.51; p<0.025) and for
mean pulmonary artery pressure and numbers of cells
immunoreactive for calcitonin, (Spearman's r=-0.51,
p<0.025).  There was a correlation between numbers of
calcitonin immunoreactive cells and pulmonary arterial
systolic pressure (Spearman's r=-0.47; p<0.025).  In addi-
tion, there was a correlation between numbers of calci-
tonin immunoreactive cells and mixed venous oxygen
saturation (SvO2) (Spearman's r=+0.44; p<0.05) and
between pulmonary arterial systolic pressure and SvO2

(Spearman's r=-0.41; p<0.05).

Discussion

Our study clearly demonstrates that similar degrees of
disability due to primary pulmonary hypertension may
occur despite wide variations in pulmonary vascular resis-
tance, evidence of right ventricular impairment and
histopathological grading of disease.  Furthermore, the
spectrum of these findings cannot be explained in terms
of the rate of disease progression, age or sex, or the
occurrence of secondary events, such as right heart fail-
ure.  Although no particular clinical features were pre-
dictive of any histological appearance, duration of disease

Table 3.  –  Histopathological changes and pulmonary endocrine cell counts

Case   Vasodilator   Presence &   Nature of   Presence &   Presence   Severity   Luminal     Presence of     Endocrine cells
No.     challenge      nature of      intimal     characteri-  of thrombi     of      obstruction   haemorrhage  immunoreactive for

plexiform   proliferation   zation of    in MPA     athero-    in veins          or
lesions       in MPA      vessels                   sclerosis                  infarction     GRP    Calcitonin

<80 µm                                                                    cells·cm-2

diameter                                %

1   P    0   MFB   Ca, Ma    0    0    0   H    167    11
2 P 0 MFB Ca + +++ 10 H 70 11
3 0 C LM Ca ++ ++ 21 H, I 21 0
4 P 0 MFB Ca, Ma + + 23 H 96 17
5 P M FE, LM Ca ++ ++ 29 0 26 5
6 0 C FE, LM 0 0 0 36 H, I 2 0
7 0 M FE 0 0 +++ 21 H, I 1 0
8 0 M FE, LM 0 ++ + 36 H, I 45 2
9 0 0 MFB, LM Ca + 0 30 H 45 3

10 0 C LM 0 0 ++ 12 H 6 1
11 0 M FE, LM 0 ++ + 21 H 10 1
12 P C FE, LM Ca + ++ 28 0 33 9
13 0 C FE,LM 0 + ++ 25 H, I 50 3
14 0 0 CSM, LM Ma 0 + 36 H, I 3 0
15 0 C MFB Ca, Ma 0 0 0 0 108 23
16 0 C CSM, LM Ca 0 + 21 0 22 0
17 0 M FE 0 + ++ 11 H, I 52 8
18 0 C FE, LM Ca +++ ++ 11 H, I 26 2
19 0 M FE, LM Ca + + 10 H 10 2
20 0 C FE, LM 0 +++ +++ 16 H 9 2

C: cellular plexiform lesions; Ca: contracted small muscular pulmonary arteries; CSM: circular smooth muscle; FE: fibroelastosis;
GRP: gastrin-releasing peptide; H: haemorrhage; I: infarction; LM: longitudinal smooth muscle; M: mature plexiform lesions; Ma:
muscularized arterioles; MFB: myofibroblast; MPA: muscular pulmonary arteries; P: prostacyclin; 0: absent; +, ++, +++: positive
graded.   
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did correlate with more marked occlusion of pulmonary
veins, possibly representing adaptation to sustained ele-
vation of pulmonary arterial pressure.

We appreciate that the correlation between pulmonary
haemodynamic data and pulmonary structure are limit-
ed by the fact that some of the haemodynamic data had
been obtained as long as 2 yrs prior to transplantation.
Unfortunately, due to the limited availability of donor
organs, it is not possible to predict when patients will
be transplanted once they are placed on the transplant
waiting list.  As all patients in the present study had end-
stage disease, repeating cardiac catheterization studies
would not have been without risk to the patient and would
not have provided additional beneficial information.

Mortality in primary pulmonary hypertension is relat-
ed to elevation in mean right atrial and mean pulmonary
arterial pressures, decreased cardiac index, Raynaud's
phenomenon and a New York Heart Association func-
tional class III or IV [14].  All of our patients who had
cardiac catheterization had markedly elevated mean pul-
monary arterial pressure (mean for the group, 77 mmHg)
and pulmonary vascular resistance (mean for the group,
29 mmHg·l-1·min) and, with the exception of patient No.
19, markedly decreased cardiac outputs (group mean 2.4
l·min-1). Two patients had Raynaud's phenomenon.  It is
clear, therefore, that this group represents patients with
very advanced disease and a poor prognosis.  It is appre-
ciated that data from this group cannot necessarily be
extrapolated to primary pulmonary hypertension in gen-
eral.

It has generally been believed that the initial cause of
the elevated pressure in primary pulmonary hypertension
is vasoconstriction, followed by medial hypertrophy of
muscular pulmonary arteries and muscularization of arte-
rioles.  The increased quantity of muscle is then believed
to permit more forceful contraction, leading to further
rises in pulmonary vascular resistance.  Clinical evidence
used to support this contention includes the document-
ed response to vasodilator therapy in a significant pro-
portion of patients with the disease [15, 16].

The presence of contracted muscular pulmonary arter-
ies was not associated with responsiveness to vasodila-
tor therapy.  In previous studies of the pulmonary
vasculature of patients with plexogenic pulmonary arte-
riopathy [5], we have been able to define muscular arte-
rial vessels less than 80 µm in diameter, in which a thick
muscular media is sandwiched between crenated elastic
laminae of equal thickness.  We have no doubt that these
are contracted muscular arteries.  They do not resemble
muscularized arterioles, except in their diameter, and we
have never seen them in collapsed lungs from patients
without pulmonary vascular pathology.

Clearly, the patients in the present group may have
had disease so advanced that a response to vasodilator
therapy was no longer possible, despite the presence of
contracted small muscular pulmonary arteries, a possi-
bility supported by the observation that none had ultra-
structural evidence of muscular evaginations.  This suggests
that some process additional to vasoconstriction is occur-
ring in these vessels, possibly intimal proliferation, which
might produce progressive occlusion, leading to a rise

in pulmonary vascular resistance.  Indeed, several studies
indicate that migration of smooth muscle cells plays an
important role in the remodelling of the pulmonary vas-
culature that occurs in primary pulmonary hypertension
[4–7].  Active myofibroblasts are believed to be modified
smooth muscle cells derived from the inner half of the
media of muscular pulmonary arteries [4], and which can
differentiate either to smooth muscle cells or to fibroblasts.

Myofibroblasts were found in five patients in the study
group, in four with preplexiform and in one with cellu-
lar plexiform lesions.  They were present in three of the
five patients who received prostacyclin.  The remaining
patients had intimal fibroelastosis and longitudinal smooth
muscle.  The lack of responsiveness to vasodilator ther-
apy in these patients may have been attributable to func-
tional occlusion to blood flow or reduced vascular compliance
in the muscular pulmonary arteries secondary to intimal
proliferation.

The previously reported association between stage of
plexogenic pulmonary arteriopathy and numbers of pul-
monary endocrine cells [6–9] has been confirmed in the
present study.  High cell counts were almost invariable
in those patients in whom myofibroblasts were in evi-
dence, and were low in those in whom these cells were
not observed but in whom plexiform lesions had devel-
oped, and it has been suggested that GRP may be involved
in stimulating smooth muscle migration [4, 6].  A sta-
tistically significant inverse relationship was also noted
between the numbers of pulmonary endocrine cells and
mean pulmonary artery pressure.  Thus, mean pulmonary
artery pressure tended to be lower in those patients with
high cell counts and vice versa.

In this study, a group of patients with end-stage pri-
mary pulmonary hypertension has been shown to display
a wide range of clinical haemodynamic and pathologi-
cal characteristics, indicating that prognosis of disease
cannot yet be defined other than by its clinical mani-
festations.  Vasodilators were uniformly unsuccessful in
the patients studied, but certain histopathological and
endocrinological findings, which are consistent with the
migratory theory of the pathogenesis of primary pulmonary
hypertension, raise therapeutic implications.  Vasodilators
are unlikely to produce beneficial effects in patients in
whom intimal proliferation has occurred to produce func-
tional occlusion to blood flow and, thereby, elevate the
pulmonary vascular resistance.  They would, however,
appear to be of major benefit to those in whom vasocon-
striction predominates, or in the early stages of the dis-
ease before intimal proliferation has occurred. Should
further studies confirm that smooth muscle migration
contributes to disease progression in this condition, treat-
ment with agents known to inhibit or retard it, such as
ligustrazine [17], might prove to be useful in its man-
agement.

Acknowledgement: The authors are grateful to M. Rehahn
for statistical advice.
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