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Pulmonary hypertension in systemic
sclerosis

ERIK TRELL AND CLAS LINDSTROM

From the Departments ofMedicine (Director: Prof. J. Waldenstrom) and Pathology (Director: Prof. F. Linell),
University ofLund, Malmo General Hospital, Malmo, Sweden

Pulmonary fibrosis is common in systemic sclerosis,
and may lead to cor pulmonale. Changes in the
pulmonary arterial system also occur and may cause
progressive pulmonary hypertension and right heart
failure. A case is reported in detail below, with eight
other cases which came to necropsy.

Case report
A woman born in 1912 (Case 8 in the necropsy series)
had an unremarkable family history.

In 1940, she first noted blanching and cyanosis of the
fingers on exposure to cold. Since 1960, small, hard,
subcutaneous nodules developed at different locations on
her body. Early in 1968, progressive effort dypsnoea and
anginal chest pains started insidiously, and treatment
with digitalis, furosemide, and potassium was instituted.
In September, 1968, she was admitted to the Medical
Clinic for heart catheterization. Anticoagulants, reser-
pine, and theophylline were added to her regimen, but
her condition gradually deteriorated, with fatigue,
dyspnoea at rest, anginal pains, ankle oedema, cyanosis,
and syncopal attacks. She died on January 26, 1969.

Physical examination
The patient was thin and emaciated. The skin showed
marked greyish-brown hyperpigmentation but no
teleangiectasia. The joints were normal but the glistening
skin of the fingers, hands, and forearms was adherent to
the indurated underlying tissue, restricting movement in
the finger joints. Atrophy and tapering of the digits were
noted, as were hard subcutaneous nodules, particularly
over both patellae. Other physical findings included
cyanosis, moderate ankle and crural oedema, distended
neck-veins and slight hepatomegaly. The breath-sounds
were normal. Over the heart, there was a right ventricular
lift, and the pulmonic component of the widely split
second sound was accentuated. At the apex and in the
fourth intercostal space near the left sternal border a
grade 2-3/6 pansystolic, low-frequent murmur was
present.

Consecutive laboratory findings
Arterial P02 72-61 mm. Hg and PCO2 26-29 mm. Hg.
Haemoglobin 17 -6-14-5 g./100 ml.
RBC 5 *4-51 million/mm.3,
WBC 4,500-8,600/mm.3,
Differential count normal.
Platelets 170,000-120,000/mm.3
Serum bilirubin 1-8-2-4 mg./100 ml. with a positive

direct reaction.
SGPT 35-100 Karmen units; SGOT 19-100 Karmen

units; serum alkaline phosphatase normal; serum
y-glutamyl transpeptidase 127-98 units (normal 15-80);
serum lactate dehydrogenase 585 Wroblewski units with
slight elevations of the iso-enzyme fractions LDH1 and
LDH2 and, less pronounced, LDH3.
Thymol extinction normal.
Agarose gel electrophoresis and quantitative plasma

protein determinations showed a slight inflammatory
reaction and normal values of IgG, IgA, and IgM. Serum
cryoglobulin negative.

Erythrocyte sedimentation rate 2-1 mm./lst hour.
Extensive serological tests revealed positive Waaler-

Rose (titre 1/64) and F II A (titre 1/160) reactions, and
a weakly positive antinuclear factor reaction (titre 1/20).
LE-cells were not found.

Detailed coagulation analyses exhibited increased
platelet adhesiveness and fibrinolysis inhibitor activity,
and decreased vessel-wall fibrinolytic activity, but were
otherwise normal.

Further investigations
Ordinary chest x rays (Fig. 1, opposite) revealed no sign
of pulmonary fibrosis. The heart measured 1,060-950
ml./640-610 ml. per M.2 BSA and indicated right ven-
tricular enlargement.

X-ray investigations of the hands and knees (Fig. 2,
opposite) exhibited subcutaneous calcifications
(Thibierge-Weissenbach).

Angiocardiography (Fig. 3, overleaf) showed marked
right ventricular dilatation and hypertrophy, and an
extremely slow contrast passage through the lungs. The
pulmonary arteries were dilated centrally, but from the
secondary divisions there was a marked narrowing of
their calibre.

Spirometry in July and September, 1969, showed
ventilatory capacity 83-80 per cent. of calculated normal
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Pulmonary hypertension in systemic sclerosis 391

FIG. 1 Case 8. Frontal chest
roentgenogram; showing right ven-
tricular enlargement, and no ap-
parent signs ofpulmonary fibrosis.

Electrocardiograms showed sinus rhythm, right axis
deviation, signs of right ventricular hypertrophy and
strain, and accentuated and peaked P-waves (Fig. 4,
overleaf).

Intracardiac pressure-recordings in September, 1968,
revealed a marked pulmonary hypertension of precapil-
lary type (Table I).

Table I Findings in heart catheterization in the
reported case

Mean right atrial pressure 4 mm. Hg
Systolic right ventricilar pressure 86 mm. Hg
Diastolic right ventricular pressure 3-10 mm. Hg
Systolic pulmonary arterial pressure 78 mm. Hg
Mean pulmonary arterial pressure 50 mm. Hg
Mean pulmonary capillary venous

pressure 3 mm. Hg
Cardiac output 2 5 1/min.
Pulmonary vascular resistance 1,520 dyn. sek. cm.-5

FIG. 2 Case 8. Knee radiograph, showing prepatellar
subcutaneous calcifications.

value, TLC 101-109 per cent., FRC 140-154 per cent.,
RV 144-175 per cent., MVVF 61-64 per cent., FEV1,o
78-81 per cent., N2-time 1.33 min., lung clearance index
7.8-7.3, and Douglas volume 21-23 1.

Pathological findings
The heart was moderately enlarged (390 g.) with a marked
right ventricular hypertrophy (9 mm.) Fig. 5, overleaf).
The coronary arteries, myocardium, and heart valves were
unremarkable. In the pulmonary artery and its main
branches there was a marked atheromatosis (Fig. 6,
overleaf), while the pulmonary parenchyma was mainly
normal.

There was ascites (500 ml.), and the liver (1,355 g.)
and the spleen had a picture of marked chronic conges-
tion.
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392 Annals of the Rheumatic Diseases

FIG. 3 Angiocardiogram (10 sec.
after contrast injection); showing
right ventricular dilatation and
hypertrophy, and slow contrast
passage through pulmonary circula-
tion. 7he central pulmonary arteries
are dilated but from the secondary
divisions there is a marked narrow-
ing in their calibre. Contrast filling
in the peripheral lung fields is very
sparse. Case 8.

FIG. 4 Electrocardiogram; show-
ing sinus rhythm, right axis devia-
tion, and right ventricular hyper-
trophy and strain. Note accentuated
and peaked P-waves in leads.
V2-V3 (-V4). Case 8.
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Pulmonary hypertension in systemic sclerosis 393

FIG. 5 Right atrium and
ventricle of the heart with
hypertrophic myocardium,
showing dilatation of atrium
and ventricle. Case 8.
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FIG. 6 Main branches of a pulmonary artery with very
marked arteriosclerosis. Case 8.

The microscopical examination showed a typical
picture of scleroderma in the dermal preparations (Fig. 7).
The calcifications of Thibi&ge-Weissenbach type had the
characteristic picture. There were no signs of fibrosis in

FIG. 7 Histology of skin, showing thin epidermis,
collagenization of corium, loss of dermal appendages, and
collagenization deep in the subcutis. Case8.

Haematoxylin and eosin. x 75
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394 Annals of the Rheumatic Diseases

the lungs, but marked thickening of the walls of the
medium-large and small pulmonary arteries and arterioles
caused by medial muscular and intimal hyperplasia with
very significant reduction of the lumina of the vessels
(Figs 8 and 9).

..". , , #
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FIG. 8 Lung tissue without fibrosis. There is marked
thickening of the walls of the small arteries with very
narrow lumina. Case 8. Weigert's elastin. x 75
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FIG. 9 Small pulmonary artery with very marked intimal
and medial hyperplasia. Case 8. Weigert's elastin. x 300

Preparations from the myocardium, skeletal muscles,
and kidneys were mainly normal.

Compartive patxological study of cases of systemic
sclerosis
In Malmo, a Swedish town of about 250,000 inhabi-
tants, there is only one large hospital with one
pathological institute. About 98-5 per cent. of all
deaths at the hospital are submitted to necropsy.
From 1957 to 1969 the number of necropsies has
been rising from fifty to about 70 per cent. of all
deaths in Malmo. During this period ten cases of
systemic sclerosis were necropsied. They were
specially examined in regard to pulmonary fibrosis,
arteriosclerosis of the pulmonary vessels and heart
size. One case had to be omitted because of a diffuse
cancer in the lungs. The findings in the remaining
four men and five women are presented in Table II,
(opposite), and the extent of pulmonary arterio-
sclerosis and pulmonary fibrosis are further sum-
marized in Table III (opposite).

Figures 8 to 15 (overleaf) show examples of
different degrees and combinations of these lesions.
There appeared to be no strong tendency to a
correlation between them. However, all the male
subjects had moderate or marked fibrosis, while the
women were mainly represented in the lower part of
the pulmonary fibrosis scale.

Review of the literature
A. MORBID ANATOMICAL INVESTIGATIONS
That pulmonary fibrosis can be associated with right
cardiac hypertrophy in systemic sclerosis was early
understood (Sackner, 1962; Weaver, Divertie, and
Titus, 1967). The significance of both pulmonary
vascular and parenchymatous changes in this
connection was originally noted by Matsui (1924),
who also recognized that pleural effusions or
adhesions, restriction of the thorax by skin changes,
and impairment of the function of the respiratory
muscles might disturb the pulmonary circulation.
Perivascular inflammatory cell reaction (Masugi and
Ya-Shu, 1938; Fischer and Hansen, 1956) and
thromboembolism (Masugi and Ya-Shu, 1938; and
Naeye, 1963) in the pulmonary arterial bed, pulmon-
ary arteritis with fibrinoid necrosis and inflammation
(Montgomery, Stirling, and Hamer, 1964; Weaver,
Divertie, and Titus, 1968), and changes in the
pulmonary veins (Naeye, 1963) have been encoun-
tered in cases of systemic sclerosis from time to time,
but seem to be of little importance. Several investiga-
tions of sizeable necropsy series (Naeye, 1963;
Sackner, Heinz, and Steinberg, 1966; Weaver and
others, 1968; D'Angelo, Fries, Masi, and Shulman,
1969) have shown that both pulmonary parenchy-
matous changes expressed as pulmonary fibrosis (in
67-74-100 per cent. of the cases in these series) and
pulmonary arterial changes expressed as medial
hypertrophy and concentric intimal proliferation in

i -i
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Pulmonary hypertension in systemic sclerosis 395

Table II Necropsy series of nine patients

F 78 +

F 65 + Thibi6rge-
Weissenbach

F 56 +

F

M

64

58

+ Thibierge-
Weissenbach

+

7 M 70 +

F

M

57

71

+ Thibierge-
Weissenbach

+

Lung tissue

Marked general
and subpleural
fibrosis (+ + +)

Slight general
fibrosis (+)

Marked general
fibrosis (+ + +)

Slight general
fibrosis (+)

Slight general
fibrosis (+)

Marked general
and subpleural
fibrosis (+ + +)
Moderate
subpleural
fibrosis (+ +)

No fibrosis (0)

Moderate
subpleural
fibrosis (+ +)

Pulmonary
arteriosclerosis
(atheromatosis
arterioloscekrosis)

Marked (+ + +)

Other organc
man(fegataons

9 Muscles,
oesophagus,
ventricle,
intestines,
pericardi

5 -

3 Muscle,
oesphagus,
kidneys,
ercardium

7 -

S Kidneys

5

640 (including
pericardium)
(left ventricle
hypertrophic)

Moderate (+ +) 510

Moderate (+ +) 400

Moderate (+ +) 400

Slight (+)

Moderate (+ +)

560 (left ventricle
hypertrophic)

340

Moderate (+ +) 560 (left ventricle 5 Kidneys
hypertrophic)

Marked (+ + +) 390 9 Oesophagus

Moderate (+ +) 310 4 Kidneys,
oesophagus

Table III Pulmonary fibrosis and arteriosclerosis in nine necropsy subjects

Pulmonary Marked 2 (no.3;6) 1 (no. 1)
fibrosis

Moderate 2 (no.7;9)

Slight 1 (no.5) 2 (no.2;4)

None 1 (no. 8)

Pulmonary arteriosclerosis: None Slight Moderate Marked
atheromatosis ot pulmonary artery,
hyperplasia of intima and media,
arteriolosclerosis

the smaller muscular arteries and in the arterioles PHYSIOLOGICAL STUDIES
(29-87-96-100 per cent.) are common in systemic Earlier studies have been reviewed by Sackner
sclerosis. They may co-exist, but seem to be separate (1962) and Weaver and others (1967). In the recent
and independent manifestations of the disorder. investigation of Sackner, Akgun, Kimbel, and Lewis
They are both often associated with hypertrophy of (1964), it was demonstrated that pulmonary hyper-
the right ventricle; this association is perhaps more tension and lung function values indicative of
significant within pulmonary arterial lesions (Sack- restrictive and obstructive lung disease might
ner and others, 1966). These findings are reflected co-exist in systemic sclerosis, but are not infre-
also in our series (Tables II and III). quently unrelated or isolated.

Patient Sex Age Skin
no. (yrs) manifestation

1 M 74 +

Heart

Weight Thickness of
(g.) right ventricular

wall (normal
3-5 mm.)

2

3

4

5

6

8

9
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FIG. 10 Case 1. Very markced subpleural fibrosis con-
stricting small vessels.

Weigert's elastin. x 75

FIG. 1 1 Case 6. Markedfibrosis and moderate vascular
changes.

Weigert's elastin. x 75

FIG. 12 Case 7. Moderate pulmonary fibrosis and
moderate vascular changes.

Weigert's elastin. x 75

(12)
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Pulmonary hypertension in systemic scerosis 397

FIGS 13 AND 14 Case 4.
Slight pulmonaryfibrosis with
moderate vascular changes.
Weigert's elastin. x 75

CLINICAL DESCRIPTIONS

An accentuated second pulmonary heart sound in
systemic sclerosis was first recognized by Hoppe-
Seyler (1889). Clinical signs of right cardiac hyper-
trophy were described by Singer (1895) and Licht-
witz (1908) in cases of systemic sclerosis with
pulmonary fibrosis. Spain and Thomas (1950)
recorded right ventricular hypertension by cardiac
catheterization in a similar case. A classical account
of pulmonary hypertension in systemic sclerosis is
that of Opie (1955). We have found in the literature
eleven clinically described cases of systemic sclerosis
with pulmonary hypertension verified by heart

catheterization: Table IV, overleaf (Spain and
Thomas, 1950; Austrian, McClement, Renzetti,
Donald, Riley, and Cournand, 1951; Foss, 1954;
Ellman and Cudkowicz, 1954; Bauer, 1955; Opie,
1955; Fischer and Hansen, 1956; Castleman and
Kibbee, 1960; Soulie, Acar, Joly, Carlotti, Bernard,
Azhrad, and Casillon du Perron, 1961; Pace, Decker,
and Martin, 1963; Tourniaire, Blum, Tarlulier, and
Deyrieux, 1964).
As with the morbid anatomical and physiological

studies, three groups may be discerned:
(1) Predominantly lung fibrosis;
(2) Both pulmonary parenchymatous and vascular

lesions;
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FIG. 15 Case 5. Slight pulmonary fibrosis and slight
vascular changes. Weigert's elastin. x 75

(3) Predominantly involvement of the pulmonary
arteries.
The pulmonary hypertension always appears to be

of 'precapillary' type, and there are no obvious
differences in age, sex, or duration of the disease
between the groups.

Discussion

The lung fibrosis of systemic sclerosis may induce
pulmonary hypertension by replacement and mech-
anical compression of the pulmonary vascular bed
(Weaver and others, 1967) and by periadventitial
fibrosis and hyalinization. Fibrosis may also cause

hypoxia through thickening of the alveolar septa,
limitation of the ventilatory movements, and
possibly by arterio-venous shunting in the lungs
(Weaver and others, 1967). Hypoxia may itself
contribute to pulmonary hypertension (Opie, 1955;
Weaver and others, 1967). Short-term hypoxia
raises the pulmonary artery pressure in normal
subjects (Von Euler and Liljestrand, 1946; Motley,
Cournand, Werk6, Himmelstein, and Dresdale,
1947; Bergofsky and Holtzman, 1967; Bergofsky,
Haas, and Porcelli, 1968), and protracted hypoxia
may be associated with pulmonary hypertension and
hyperplastic changes in the pulmonary arterioles and
small muscular arteries (Hasleton, Heath, and
Brewer, 1968; Addington, Pfeffer, and Gaensler,
1969).
Hypercapnia (Bergofsky and others, 1968) and

acidosis (Liljestrand, 1958; Harvey, Enson, Betti,
Lewis, Rochester, and Ferrer, 1967) are other
possible mechanisms, but seem to be insignificant in
systemic sclerosis, since there is instead in the
majority of cases a mild respiratory alkalosis
because of hyperventilation (Weaver and others,
1967).
Primary hyperplastic changes in the pulmonary

arteries in systemic sclerosis have been interpreted
as manifestations of the common widespread vaso-
motor disturbances (Sackner, 1962; Sackner and
others, 1964). The pulmonary arteries are influenced
by the sympathetic nervous system, "overactivity"
of which is also inferred in Raynaud's phenomenon
(Rogge, Mishkin, and Genovese, 1966). A protracted

Table IV Summary of reports of cases of systemic sclerosis with pulmonary hypertension verified by heart
catheterization
Author Year Patients Pressures Pulmonary Chest x ray Pulmonary Pulmoxary

vascular or fibrosis arterio-
Sex Age Pulmonary artery Pulmonary resistance Necropsy sclerosis

capillary
venous

Systolic Mean Mean

A. Spain and Thomas 1950 M 65 71 - - - Necropsy Yes No
right ventricle

B. Austrian and others 1951 F 22 32 20 - - Chest x ray Yes
C. Foss 1954 F 53 - 32 5 365 Chest x ray Yes
D. Ellman and Cudkowicz 1954 M 66 50 - - - Chest x ray Yes
E. Opie 1955 M 50 - 47 - - Necropsy Yes No
F. Souli6 and others 1961 M 49 50 27 12 920 Chest x ray Yes

G. Bauer 1954 M 50 45 30 - - Necropsy Yes Yes
H. Tourniaire and others 1964 M 60 75 41 0 970 (Biopsy) Yes Yes

I. Fischer and Hansen 1956 F 30 60 - 5 - Necropsy No ?
J. Castleman and Kibbee 1960 F 64 60 36 6 460 Neropsy No Yes
K. Pace and others 1963 M 37 100 50 11 - Chest x ray No.

Notes: Pressure values are given in mm. Hg, and pulmonary vascular resistance in dyn x sek x cm-'.
The term 'pulmonary arteriosclerosis' also includes hyperplastic changes in smaller pulmonary arterial ramifications (hyperplasia of intima

and media, and arteriolosclerosis). Cases B, C, D, F, and K were investigated by chest x-ray only, and no conclusions could be drawn. In Case I
the description was insufficiently detailed.
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Pulmonary hypertension in systemic sckrosis 399

spasm in the smaller pulmonary arteries may induce
irreversible lumen-reducing changes of medial
hypertrophy and intimal proliferation in their walls
(Short, 1957; Celoria, Friedell, and Sommers, 1960;
Downing, Bidone, Brandt, and Liebow, 1963;
Boiteau and Libanoff, 1963; Hasleton and others,
1968). However, the major effects in the lesser
ariculation of (short-term) sympathetic nerve stimu-
lation seem to be exerted on the larger pulmonary
rcteries rather than on the smaller, and cause little
change in pulmonary vascular resistance (Ingram,
Szidon, Skalak, and Fishman, 1968). Another
possibility is that the sympathetic "overactivity" in
the smaller pulmonary arteries reflects a local rather
than a central disturbance. At least in capillary basal
membranes, swelling and other pathological changes
are a regular feature of systemic sclerosis (Norton,
Hurd, Lewes, and Zift, 1968; Norton and Nardo,
1970). It seems possible that pulmonary arterial
vasoconstriction may be secondary to a local
sclerodermatous involvement which disturbs, for
instance by inflammatory or degenerative action, the
function of the active electrolyte transport system of
the cell membrane in the pulmonary arterial smooth
muscle, so that the resting negative intracellular
potential moves closer to zero and to the threshold
for the production of action potentials and active
contraction. Recent data suggest that, in such a
situation, a vasoconstriction will occur in the
pulmonary vasculature (Bergofsky and Holtzman,
1967).
Pulmonary hypertension has exceptionally been

reported in collagenoses other than systemic sclero-
sis (Ellman and Cudlowicz, 1954; Caldwell and
Aitchison, 1956; Sullivan and Miller, 1962; Pace and
others, 1963; Onodera and Hill, 1965), but in
systemic sclerosis a disturbance of the pulmonary
circulation appears to be a regular rather than an
exceptional development in the long perspective of
the disorder. Our case may still be a rare extreme in
the variability of possible combinations and degrees

of different pulmonary lesions in systemic sclerosis.
By the dominant arterial involvement it resembles
reported cases of 'Primary pulmonary hypertension
and Raynaud's phenomenon', most of them females,
and some actually representing typical systemic
sclerosis (Winters, Joseph, and Learner, 1964). Even
cases without skin changes may fall within the
systemic sclerosis symptom complex (Sackner and
others, 1964). This would seem to be a clue to the
aetiology of 'primary' pulmonary hypertension, but
primary pulmonary hypertension is not a uniform
disease. For instance, familial occurrence (which in
itself does not rule out a collagenous nature (Rogge
and others, 1966; and Burge, Perry, and Stickler,
1969)) has been described (see Boiteau and Libanoff,
1963; Rogge and others, 1966), and such cases
usually differ in clinical and morbid anatomical
respects from 'primary pulmonary hypertension and
Reynaud's phenomenon'.

Summary
A case is reported of a 57-year-old woman with
systemic sclerosis, who developed a severe pulmon-
ary hypertension and rapidly progressive right heart
failure attributable to hyperplastic changes in the
smaller pulmonary arteries and arterioles. A retro-
spective investigation of pulmonary lesions in a
necropsy series of cases of systemic sclerosis showed
that both lung fibrosis and hyperplastic changes in
the pulmonary arteries are common in the disorder,
that they may be independant of each other, and
that both may be associated with right cardiac
hypertrophy. This is in accordance with the findings
in earlier morbid anatomical, physiological, and
clinical studies concerning cor pulmonale and
pulmonary hypertension in systemic sclerosis,
which are reviewed. Some possible mechanisms of
pulmonary hypertension in systemic sclerosis and
the relationship of the reported case to various types
of 'primary pulmonary hypertension' are discussed.
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