
Introduction

Pulmonary hypertension （ PHT ） leading to

hypoxemia is one of the important complications of

scleroderma, and its prevalence reaches about 50％

in these patients1―8. Both scleroderma and primary

biliary cirrhosis（PBC）have the common feature of

immune abnormalities being related to the onset,

and the frequency of concurrence is quite high9―16.

PBC is a disorder in which progressive destruction

of interlobular bile ducts leads to cirrhosis and portal

hypertension. Patients with advanced cirrhosis

（including end stage PBC）also have hypoxemia,

mainly due to hepatopulmonary syndrome（HPS）

caused by intrapulmonary vasodilatation, or rarely

due to portopulmonary hypertension（P-PHT）caused

by pulmonary vascular constriction17―19. We report a

hypoxemic patient who had PBC associated with

limited scleroderma（l-SSc）and PHT.

Case Report

In January 2003, a 70 year-old man who had a

history of PBC for twenty years and hypothyroidism

presented to the outpatient clinic with the chief

complaints of shortness of breath on exertion and

easy fatigability. He initially noticed shortness of
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Table 1 Laboratory data on admission

Virological testsPeripheral blood
HBsAg （－）WBC 6,500 / μl
HbsAb （－）RBC 563 × 104 / μl
HCV-Ab （－）Hb 15.5 g/dl
HCV-RNA （－）Platelets 13.8 × 104 / μl

ImmunoglobulinUrinalysis
IgG 1,996 mg/dlProtein （－）
IgA 402 mg/dlGlucose （－）
IgM 250 mg/dlSediment

Autoantibodies　RBC 1 ～ 4 /HPF
Anti-centromere Ab （＋） ,（C.O.I; 190.6） .　WBC 1 ～ 4 /HPF
MPO-ANCA ＜ 10 EU　Casts （－）
PR3-ANCA ＜ 10 EUBiochemistry
Anti-scl-70 Ab ＜ 7.0 U/mlAST 37 IU/L
Anti-cardiolipin Ab（IgG） ＜ 8.0 U/mlALT 24 IU/L
Anti-RNP Ab ＜ 7.0 U/mlLDH 511 IU/L
Anti-nuclear Ab ＞ 1 : 640ALP 142 IU/L
Anti-ds-DNA-IgG Ab ＜ 5 IU/mlTotal bile acids 80.7  μmol/l
Anti-mitochondrial Ab 1 : 20γ-GTP 116 IU/L
Anti-mitochondrial M2 Ab 55.0CPK 84 IU/L
Anti-smooth muscle Ab （－）Blood urea nitrogen 28.2 mg/dl
Anti-LKM1 Ab （－）Creatinine 1.35 mg/dl
Anti-thyroglobulin Ab （－）Total protein 8.4 g/dl
Anti-microsome Ab （－）Albumin 4.8 g/dl
Anti-Sm Ab ＜ 7.0 U/mlSodium 140 mEq/L
Anti-Jo-1Ab （－）Potassium 4.4 mEq/L
Anti-SS-A Ab ＜ 7.0 U/mlChloride 101 mEq/L
Anti-SS-B Ab ＜ 7.0 U/mlProthrombin time 72.4 %

breath and fatigability 7 months earlier and it slowly

progressed before admission. On examination at

admission, the patient showed sclerodactyly and

telangiectasia of the fingers and chest wall, and

generalized pigmentation of the skin. The heart rate

was 70�min and was irregular with no pulse deficit.

Blood pressure was 124�88 mmHg. The second

heart sound was accentuated with a pulmonary

ejection murmur（Levein II�VI）. Breath sounds were

normal. Ascites, organomegaly, and abdominal

tenderness were not recognized.

Chest X-ray revealed prominent pulmonary

arteries and expansion of the left second arch

without abnormalities of the lung fields（Fig. 1）.

Transthoracic echocardiography demonstrated a

dilated right atrium and right ventricle with mild

mitral prolapse, and Doppler echocardiography

revealed a pulmonary arterial systolic pressure of 98

to 108 mmHg. ECG revealed atrial fibrillation, and

also suggested left ventricular hypertrophy .

Fig. 1 Chest X-ray disclosed prominent pulmonary
arteries and expansion of the left second arch
without abnormalities in the lung fields.

J Nippon Med Sch 2005; 72（4） 231



AA

BB

Abdominal CT demonstrated that the liver was

moderately enlarged（particularly the left lobe）but

that its surface was smooth. There was also

moderate splenomegaly. No significant porto-

systemic collateral channels were found by contrast

enhanced abdominal CT scanning. Esophago-

gastroscopy did not reveal any esophago-gastric

varices or portal hypertensive gastropathy. Contrast

echocardiography using manually agitated saline

revealed intrapulmonary vasodilatation, but its

magnitude was slight. Lung perfusion scintigraphy

with 99mTc-macroaggregated albumin（99mTc-MAA）

showed no segmental perfusion defects in the lungs,

and there was no extra-pulmonary uptake of

radioactivity. Both the immunological findings

（Table 1）and histologic examination of a biopsy

from the skin on the dorsum of right finger IV

（revealing a thin epidermis and flatted rete ridges）

were compatible with l-SSc. Liver function tests

indicated inactive disease , but immunological

findings were compatible with PBC, and histologic

examination of the liver（needle biopsy）revealed

damage or loss of interlobular bile ducts as well as

ductular proliferation and mild fibrosis（compatible

with stage two of PBC）（Fig. 2）.

Direct measurement of the pulmonary arterial

pressure revealed PHT with elevated pulmonary

vascular resistance during right heart

catheterization（Table 2）. Although the patient had

atrial fibrillation and left ventricular hypertrophy

with moderate mitral prolapse, the pulmonary

capillary wedge pressure was 9 mmHg, indicating

that PHT was mainly of pre-capillary origin. The

hepatic venous pressure gradient, which is an

indicator of the intra-sinusoidal pressure, was within

the normal range. Arterial blood gas analysis

disclosed respiratory alkalosis with hypoxemia and

an increased alveolar-arterial oxygen difference.

Esophagraphy and a lower esophageal sphincter

pressure tracing did not show dilatation of the

esophagus or abnormal peristalsis, respectively.

There was slight restrictive impairment of the lung

function, and carbon monoxide diffusing capacity

（DLco）was decreased. Intrapulmonary shunting was

estimated after placing the patient on 100％ O2 for

15 min, and was found to be increased. The plasma

thromboxane（Tx）B2, plasma prostaglandin（PG）-E2,

and serum nitrate�nitrite levels increased across the

lungs（from the main pulmonary artery to the

femoral artery）, while endotelhin-1（ET-1）showed

a decrease（Table 3）. Human atrial natriuretic

peptide and brain natriuretic peptide levels showed

an increase across the right heart（from the inferior

vena cava to the main pulmonary artery）.

Discussion

The present patient with l-SSc and PBC had pre-

capillary PHT associated with arterial hypoxemia,

and showed intrapulmonary vasodilatation .

Spirometory revealed almost normal lung function,

but DLco was significantly reduced and

intrapulmonary shunting （ determined during

inhalation of pure oxygen）was considerably

Fig. 2 Histologic examination of the liver tissue
obtained by needle biopsy revealed damage
or loss of interlobular bile ducts as well as
ductural proliferation and mild fibrosis,
being compatible with stage two of
primary biliary cirrhosis. Hematoxylin-
Eosin stain, Original magnification A×100,
B×400.

232 J Nippon Med Sch 2005; 72（4）



Table 2 Hemodyamics, respiratory function, and arterial blood gases

Lung function testsPulmonary and systemic hemodynamics
%VC 77.9 %Pulmonary arterial pressure（mean） 56/26（37） mmHg

%FEV1 107.9 %Pulmonary capillary wedge pressure 9 mmHg
%DLCO 29.0 %Pulmonary vascular resistance index 1,167 ★

%Estimated residual volume 39.2 %Heart rate 61 /min
Arterial blood gasesBlood pressure（mean） 134/66（100） mmHg

pH 7.481Cardiac index 1.92 L/min/m2

PaO2 75.6 mmHgSystemic vascular resistance index 3,875 ★

PaCO2 29.0 mmHgCentral venous pressure 7 mmHg
HCO3

－ 21.4 mEq/LCirculating plasma volume index 1,139 ml/m2

SaO2 95.0 %Hepatic venous catheterization
Alveolar-arterial oxygen difference 37.2 mmHgWedged hepatic venous pressure 12 mmHg

Intrapulmonary shunt（100% O2 inhalation） 21.9 %Free hepatic venous pressure 7 mmHg
Intrapulmonary vasodilatation （＋） ☆Hepatic venous pressure gradient 5 mmHg

★ ; dynes・sec・cm―5・m―2, ☆ ; detected by contrast enhanced echocardiography using agitated saline.

Table 3 Partitioned plasma levels of vasoactive agents in patients with limited scleroderma

Femoral 
artery

Main pulmonary 
artery

Femoral 
veinNormal range ★

 50 49 4410 ～ 77 μmol/l ＊Nitrate/nitrite
  3.02  3.553.54＜ 2.30pg/mlEndothelin-1
290 35330＜ 35pg/mlThromboxane B2

  8.9  6.911.0＜ 8.4pg/mlProstaglandin E2

NT160100 ☆＜ 40pg/mlHuman atrial natriuretic peptide
NT247201 ☆＜ 20pg/mlB-type natriuretic peptide

NT; not tested, ★ ; normal range in peripheral venous blood, ＊ ; serum level, ☆ ; blood obtained from the inferior 
vena cava, The nitrate/nitrite level in azygos vein blood was 47 μmol/l.

increased. PBC had been present for twenty years,

but the histological changes of the liver had

remained at stage two, and there were no definite

signs of portal hypertension（such as esophageal

varices or portal-systemic collaterals on contrast CT

of the abdomen）apart from moderate splenomegaly.

It was considered that l-SSc had arisen

simultaneously or shortly before the onset of PHT.

There was a striking increase in the plasma level of

TxB2 across the lungs.

The prevalence of l-SSc ranges from 3 to 18％

among PBC patients11―14. On the other hand, PBC is

encountered most frequently in l-SSc patients, and

its prevalence is as high as 51.2％ among l-SSc

patients with liver dysfunction11,15,16. It has been

reported that approximately 70％ of patients with

l-SSc show pulmonary involvement at autopsy6,20.

Changes in the lungs not only cause impairment of

respiratory function（reduced diffusing capacity,

restrictive abnormalities, or airway obstruction）, but

also lead to abnormalities in the pulmonary

circulation（mainly PHT）21,22. Since our patient

showed hypocapnea, airway obstruction（indicated

by impairment of FEV1 or an increased residual lung

capacity）seemed unlikely to contribute much to the

impairment of arterial oxygenation. Thus, it was

considered that his arterial hypoxemia originated

from abnormalities in the pulmonary circulation or

impairment of diffusion, rather than alveolar

hypoventilation.

Patients with l-SSc often show impaired diffusion

due to interstitial pneumonia6―8,22, but chest CT did

not demonstrate any interstitial changes in the lungs

of this patient . Minimal intrapulmonary

vasodilatation was detected by contrast

echocardiography, and there was almost no

extrapulmonary uptake of 99mTc-MAA on lung

perfusion scintigraphy . Accordingly , it was
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considered that the contribution of intrapulmonary

vasodilatation to hypoxemia was small. However, the

shunt detected with pure oxygen inhalation（the

standard technique for measurement of shunting）

was moderately large, contradicting the results of

contrast echocardiography and the radioisotope

study. An increase in venous admixture via

bronchial arteries and�or venous admixture via the

Thebesian vessels may be a possible explanation for

this discrepancy, but it is difficult to resolve from

our data23.

It is well known that arterial hypoxemia,

intrapulmonary vasodilatation, and chronic liver

disease with portal hypertension constitute the triad

of features in HPS18,24. It has recently been proposed

that pre-capillary PHT in patients with cirrhosis and

portal hypertension should be recognized as

P-PHT24,25. Both HPS and P-PHT manifest similarly

with arterial hypoxemia. Since PBC existed in the

present patient as the underlying liver disease, the

possibility of HPS or P-PHT is also raised. However,

his PBC had not developed to the cirrhotic stage and

no definite porto-systemic collaterals were found.

Although the mechanism is unknown, it has been

reported that approximately one-third of patients

with collagen diseases show intrapulmonary

vasodilatation on lung perfusion scintigraphy using
99mTc-MAA, so the present patient may also belong

to this category26.

The mechanism of PHT in l-SSc is not fully

understood, but it has been speculated that an

imbalance between vasoconstrictor and vasodilator

factors（such as nitric oxide, PGs, TxA2, and ET-1）

contributes to pulmonary circulatory

abnormalities18,19,27―31. Since the biggest vascular bed

that exists between the main pulmonary artery and

fermoral artery is the lungs, it can be considered

that an increment of vasoactive factors across the

lungs indicates production or release of such factors

in the lung tissue32. If the increment of vasoactive

factors across the lungs in this patient is assumed to

indicate release or production in the lungs, the

vasoconstrictor TxA2（precursor of TxB2）probably

has a major influence on the pulmonary vascular

bed.

In conclusion, this patient had l-SSc and PHT

associated with PBC. Since the l-SSc had arisen

simultaneously with the onset of PHT, it was

considered that the development of PHT was closely

related to the onset of l-SSc rather than PBC. A

striking increment of TxB2 across the lungs

suggested the production or release of intrinsic

vasoconstrictors such as TxA2 in the lung tissue,

which probably contributed to an increase in

pulmonary vascular resistance that led to pre-

capillary PHT.

References

1．Mukerjee D, St George D, Knight C, Davar J, Wells
AU, Du Bois RM, Black CM, Coghlan JG:
Echocardiography and pulmonary function as
screening tests for pulmonary arterial hypertension
in systemic sclerosis. Rheumatology（Oxford）2004;
43: 461―466.

2．Battle RW, Davitt MA, Cooper SM, Buckley LM,
Leib ES, Beglin PA, Tischler MD: Prevalence of
pulmonary hypertension in limited and diffuse
scleroderma. Chest 1996; 110: 1515―1519.

3．Ungerer RG, Tashkin DP, Furst D, Clements PJ,
Gong H Jr, Bein M, Smith JW, Roberts N, Cabeen W:
Prevalence and clinical correlates of pulmonary
arterial hypertension in progressive systemic
sclerosis. Am J Med 1983; 75: 65―74.

4．Salerni R, Rodnan GP, Leon DF, Shaver JA:
Pulmonary hypertension in the CREST syndrome
variant of progressive systemic sclerosis

（scleroderma）. Ann Intern Med 1977; 86: 394―399.
5．MacGregor AJ, Canavan R, Knight C, Denton CP,

Davar J , Coghlan J , Black CM: Pulmonary
hypertension in systemic sclerosis: risk factors for
progression and consequences for survival .
Rheumatology（Oxford）2001; 40: 453―459.

6．Yousem SA: The pulmonary pathologic
manifestations of the CREST syndrome. Hum Pathol
1990; 21: 467―474.

7．Mukerjee D, St George D, Coleiro B, Knight C,
Denton CP, Davar J, Black CM, Coghlan JG:
Prevalence and outcome in systemic sclerosis
associated pulmonary arterial hypertension:
application of a registry approach. Ann Rheum Dis
2003; 62: 1088―1093.

8．Stupi AM, Steen VD, Owens GR, Barnes EL, Rodnan
GP, Medsger TA Jr: Pulmonary hypertension in the
CREST syndrome variant of systemic sclerosis.
Arthritis Rheum 1986; 29: 515―524.

9．Clarke AK, Galbraith RM, Hamilton EBD, Williams
R: Rheumatic disorders in primary biliary cirrhosis.
Ann Rheum Dis 1978; 37: 42―47.

10．Culp KS, Fleming CR, Duffy J, Baldus WP, Dickson
ER: Autoimmune associations in primary biliary
cirrhosis. Mayo Clin Proc 1982; 57: 365―370.

234 J Nippon Med Sch 2005; 72（4）



11．Marie I, Levesque H, Tranvouez JL, Francois A,
Riachi G, Cailleux N, Courtois H: Autoimmune
hepatitis and systemic sclerosis: a new overlap
syndrome? Rheumatology（Oxford）2001; 40: 102―106.

12．Reynolds TB, Denison EK, Frankl HD, Lieberman
FL, Peters RL: Primary biliary cirrhosis with
scleroderma , Raynaud’s phenomenon and
telangiectasia. New syndrome. Am J Med 1971; 50:
302―312.

13．Marasini B, Gagetta M, Rossi V, Ferrari P:
Rheumatic disorders and primary biliary cirrhosis:
an appraisal of 170 Italian patients. Ann Rheum Dis
2001; 60: 1046―1049.

14．Watt FE, James OF, Jones DE: Patterns of
autoimmunity in primary biliary cirrhosis patients
and their families: a population-based cohort study.
QJM 2004; 97: 397―406.

15．Shoji I, Takagi T, Kasukawa R: Anti-centromere
antibody and CREST syndrome in patients with
primary biliary cirrhosis. Intern Med 1992; 31: 1348―
1355.

16．Bernstein RM, Callender ME, Neuberger JM,
Hughes GR, Williams R: Anticentromere antibody in
primary biliary cirrhosis. Ann Rheum Dis 1982; 41:
612―614.

17．Swanson KL, Krowka MJ: Arterial oxygenation
associated with portopulmonary hypertension. Chest
2002; 121: 1869―1875.

18．Budhiraja R , Hassoun PM: Portopulmonary
hypertension: a tale of two circulations. Chest 2003;
123: 562―576.

19．Katsuta Y, Zhang X-J, Kato Y, Shimizu S, Komeichi
K, Ohsuga M, Higashi H, Satomura K, Takano T:
Hemodynamic features and impaired arterial
oxygenation in patients with protopulmonary
hypertension. Hepatol Res in press.

20．D’Angelo WA, Fries JF, Masi AT, Shulman LE:
Pathologic observations in systemic sclerosis

（scleroderma）. A study of fifty-eight autopsy cases
and fifty-eight matched controls. Am J Med 1969; 46:
428―440.

21．Guttadauria M, Ellman H, Emmanuel G, Kaplan D,
Diamond H: Pulmonary function in scleroderma.
Arthritis Rheum 1977; 20: 1071―1079.

22．Owens GR, Fino GJ, Herbert DL, Steen VD, Medsger
TA Jr, Pennock BE, Cottrell JJ, Rodnan GP, Rogers
RM: Pulmonary function in progressive systemic
sclerosis. Comparison of CREST syndrome variant
with diffuse scleroderma. Chest 1983; 84: 546―550.

23．West JB, Wagner PD: Ventilation, blood flow, and
gas exchange. In Textbook of respiratory medicine

（Murray JF, Nadel JA, eds）, 2000; pp 55―89, W.B.

Saunders, Philadelphia.
24．Hoeper MM , Krowka MJ , Strassburg CP:

Portopulmonary hypertension and hepatopulmonary
syndrome. Lancet 2004; 363: 1461―1468.

25．Zhang XJ, Shimizu S, Nagato T, Komeichi H, Ohsuga
M, Terada H, Sekiyama T, Satomura K, Katsuta Y,
Aramaki T : Hemodynamic characteristics of
portopulmonary hypertension: An evaluation of five
patients. Jpn J of Portal Hypertension 1999; 5: 67―72.

26．Suzuki K, Kamata N, Inokuma S, Terada H,
Yokoyama Y, Abi K, Mochizuki T, Kobayashi T:
Clinical significance of ventilation�perfusion scans in
collagen disease patients. Ann Nucl Med 2000; 14:
405―413.

27．Langleben D, Christman BW, Barst RJ, Dias VC,
Galie N, Higenbottam TW, Kneussl M, Korducki L,
Naeije R, Riedel A, Simonneau G, Hirsch AM, Rich S,
Robbins IM, Oudiz R, McGoon MD, Badesch DB,
Levy RD, Mehta S, Seeger W, Soler M: Effects of the
thromboxane synthetase inhibitor and receptor
antagonist terbogrel in patients with primary
pulmonary hypertension. Am Heart J 2002; 143: E4.

28．Cacoub P, Dorent R, Nataf P, Carayon A, Riquet M,
Noe E, Piette JC, Godeau P, Gandjbakhch I:
Endothelin-1 in the lungs of patients with pulmonary
hypertension. Cardiovasc Res 1997; 33: 196―200.

29．Langleben D, Christman BW, Barst RJ, Dias VC,
Galie N, Higenbottam TW, Kneussl M, Korducki L,
Naeije R, Riedel A, Simonneau G, Hirsch AM, Rich S,
Robbins IM, Oudiz R, McGoon MD, Badesch DB,
Levy RD, Mehta S, Seeger W, Soler M: Effects of the
thromboxane synthetase inhibitor and receptor
antagonist terbogrel in patients with primary
pulmonary hypertension. Am Heart J 2002; 143: e4.

30．Christman BW, McPherson CD, Newman JH, King
GA, Bernard GR, Groves BM, Loyd JE: An imbalance
between the excretion of thromboxane and
prostacyclin metabolites in pulmonary hypertension.
N Engle J Med 1992; 327: 70―75.

31．Sakamoto K, Houya I, Inoue K, Tanaka M, Suzuki T,
Sakamoto Y, Matsuo H: An imbalance in plasma
prostanoids in patients with Raynaud’s phenomenon
and pulmonary vasospasm. Eur Respir J 1999; 13:
137―144.

32．Zhang XJ, Katsuta Y, Akimoto T, Ohsuga M,
Aramaki T, Takano T: Intrapulmonary vascular
dilatation and nitric oxide in hypoxemic rats with
chronic bile duct ligation. J Hepatol 2003; 39: 724―730.

（Received, February 10, 2005）

（Accepted, February 25, 2005）

J Nippon Med Sch 2005; 72（4） 235


