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ABSTRACT: Effects of 12 months steroid treatment on pulmonary haemo­
dynamics in 24 patients with pulmonary sarcoidosis, stage n and m, were 
investigated. All patients had a chest radiograph, lung function tests, and 
pulmonary haemodynamics (measured at rest and during submaximal 
exercise) prior to the treatment. Resting pulmonary hypertension was found 
In 3 patients. In 18 an abnormal increase in pulmonary arterial mean 
pressure (PAP) on exercise was observed. All investigations were repeated 
after a year of treatment. In almost all patients (22) a regression of 
radiological changes in the lungs and improvement of pulmonary function 
were observed. The changes in pulmonary circulation were less uniform. 
In only half of the patients studied was regression of the disease seen on 
chest X-ray and improvement in lung function accompanied by 
Improvement In pulmonary haemodynamics. 
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In only 10-20% of patients with sarcoid the disease 
progresses to diffuse pulmonary fibrosis leading to 
pulmonary hypertension and respiratory failure, despite 
treatment with steroids. Recently, we documented 25 yrs 
experience with 960 patients followed-up for pulmonary 
sarcoidosis. In 214 patients treated pulmonary lesions 
resolved partially or totally in 81% of cases, but in the 
remainder the disease progressed to diffuse pulmonary 
fibrosis [1]. 

The effects of steroid therapy on pulmonary function 
are well known [2, 3]. Much less is written about its 
effects on the pulmonary circulation and prevention of 
cor pulmonale. RIZZATO et al. [4] reported that patients 
with stage II and Ill disease may present with pulmonary 
hypertension. This, however, was a cross-secLional study 
with no analysis of the reaction to treatment. BATTESTI et 
al. [5] reported some fatalities due to cor pulmonale in 
patients with severe pulmonary fibrosis consequent to 
sarcoidosis. 

Previously, we have shown that pulmonary hyperten­
sion is common in patients with stage III sarcoidosis [6]. 
In some patients with stage 11 sarcoidosis we observed 
pulmonary hypertension at rest. Those with a normal 
resting pulmonary arterial pressure reacted to exercise 
with an abnormal increase in pulmonary arterial 
pressure. The aim of this study was to assess the effect 
of 12 months corticosteroid treatment on pulmonary 
haemodynamics in patients with stages II and III 
sarcoidosis. 

Patients and methods 

We studied 24 patients with stage 11 and Ill sarcoidosis 
[7]. Diagnosis was based on the typical clinical and 
radiographic picture and, in all patients, was histologi­
cally confirmed by biopsy of either lymph node, bron­
chial mucous membrane or lung parenchyma. There were 
19 males and 5 females aged from 24-48 yrs (mean age 
37 yrs) in the group studied. The signs of the disease 
were present between 12-24 months prior to the study. 
None of patients had systemic hypertension, abnormal 
electrocardiogram (ECG) or any other disease that may 
cause pulmonary hypertension. The patients qualified for 
corticosteroids because of the lack of spontaneous 
regression during at least 6 months of close follow-up, 
altered lung function and high lymphocyte count in bron­
choalveolar lavage (BAL). We included all patients 
admitted to the department who qualified for treatment 
when the investigations were carried out. 

The study was approved by the Ethical Committee for 
Human Research of the Institute of Tuberculosis and 
Lung Diseases. All subjects gave their informed con­
sent. All patients had a chest radiograph and pulmonary 
function tests comprising measurements of vital capacity 
(VC), forced expiratory volume in one second (FE V), 
static and dynamic compliance (Cst and Cdyn) and static 
elastic recoil pressure (Pst ). Spirography was perfonned 
using a dry spirometer (V~ograph). Normal values were 
those of BERGLUND et al. [8]. Pulmonary mechanics were 
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measured in a constant-volume body plethysmograph 
(Body-test, Jaeger). 

Pulmonary artery catheterization was carried out with 
a Swan-Ganz catheter using a Seldinger method in the 
supine position. Pulmonary arterial mean pressure (PAP), 
pulmonary wedge pressure (Pw) and inspiratory to expi­
ratory swings of pulmonary arterial diastolic pressure 
(&> APD) were measured with a 746 Siemens-Elema pres­
sure transducer averaging beat by beat values over 3 
respiratory cycles and recorded simultaneously with an 
ECG lead on a Mingograph 34 recorder. The hydrostatic 
zero level was at 5 cm below the sterna! angle. Arterial 
and mixed venous blood samples were taken for oxygen, 
carbon dioxide tensions and pH measurements by 
Radiometer microelectrodes. Cardiac output was meas­
ured in triplicate using a thermodilution method with the 
aid of a cardiac output computer COC 5000 (Universal 
Medical Instrument Inc). Cardiac index (Cl), and 
pulmonary vascular resistance (PVR) were calculated 
according to generally accepted principles [9]. After blood 
gases, pressures and flow measurements at rest were 
completed subjects performed steady-state submaximal 
exercise [10] on a mechanically-braked cycle ergometer 
(Mijnhardt). Workload was individually chosen for each 
patient the day before catheterization. All measurements 
were repeated between the 5th and 7th minute of 
exercise. Seven patients, all 5 with stage Ill and 2 with 
stage II disease, presented with exertional dyspnoea grade 
I (MRC). 

After the initial investigations patients started 
treatment. Prednisolone was started at 60 mg daily 
decreasing to 30 mg·day·1 at the end of the sixth month. 
During the last six months the dose of prednisolone was 
25 mg·day-1

• Chest X-ray, pulmonary function tests and 
pulmonary haemodynamics at rest and during steady­
state exercise using the workload as before treatment 
were repeated at the end of the year of treatment. Initial 
and final results were analysed statistically using 
Student's test for paired data. 

Results 

Lung function data before and after steroid treatment 
are presented in table 1. Vital capacity before treatment 
was slightly reduced. The same applied to the FEV

1
• 

After treatment lung volumes increased. Static and 
dynamic pulmonary compliances before treatment were 
slightly to moderately reduced. After treatment both 
significantly improved. Static elastic recoil pressure fell. 

Pulmonary haemodynamics and blood gas data at rest 
and on exercise, before and after treatment are presented 
in table 2. Arterial oxygen tension (Pao

2
) at rest and 

during exercise before treatment was at the lower limit 
of normal. After treatment Pao2 rose significantly at rest 
and on exercise. Mixed venous oxygen tension . (Pvo

2
) 

measured at rest was higher after treatment than before. 
On exercise we observed a similar decrease in PVo

2 
before 

and after treatment. Arterial carbon dioxide tension 
(Paco2) remained unchanged at rest and on exercise before 
and after treatment. 

Table 1. - Lung function before and after one year of 
steroid treatment in 24 patients with sarcoidosis 
(mean±so) 

Variable Before treatment After treatment 

VC l 4.1±0.98 4.33±0.98 
VC %N 82±17 87±15* 
FEV

1 
l 3.1±0.71 3.3±0.80 

FEV1 % N 80±19 84±18 
Cdyn ml-cmH

2
0-1 154±62 185±54** 

Cst ml-cmHp-t 185±64 211±649* 
Pst,., cmH20 44±17 37±13** 

VC: Vital capacity; % N: %normal values FEV
1
: forced expi­

ratory volume in one second; Cdyn: dynamic compliance; Cst: 
static compliance; Pst .... : static elastic recoil pressure; *: p<0.05; 
**: p<O.Ol. 

Table 2. - Blood gases and pulmonary haemodynamics 
at rest and on exercise in 24 patients with sarcoidosis 
before (B) and after (A) one year of treatment (Mean±so 
are shown) 

Rest Exercise 

B A B A 

Heart rate 
beats·min·1 81±12 78±12 135±20 138±22 

Pao
2 

kPa 10.5±2.1 11.7±1.6* 10.6±2.5 12.5±1.6** 
Paco2 kPa 4.9±0.7 4.7±0.5 5.0±0.8 4.7±0.5 
Pvo

2 
kPa 4.9±0.7 5.7±0.9 4.1±0.4 4.8±0.7 

PAP kPa 2.4±0.8 2.1±0.7 4 .3±1.6 3.9±1.2 
Pw kPa 1.1±0.4 0.9±0.5 1.9±0.8 1.6±0.8 
6PAPD kPa 0.8±0.4 0.8±0.3 2.4±0.9 2.3±0.8 
Cl l-min·1·m·2 3.6±1.6 3.0±1.0 7.6±4.2 5.3±2.0* 
PVR kPa-1"1·s 12.0±7.9 11.1±5.7 13.9±8.4 11.0±4.3 

Pao
2

: arterial oxygen tension; Paco
2

: arterial carbon dioxide 
tension; Pvo2: mixed venous oxygen tension: PAP: pulmonary 
arterial mean pressure; Pw: pulmonary wedge pressure; 6P APD: 
inspiratory to expiratory swing of pulmonary arterial diastolic 
pressure; Cl: cardiac index; PVR: pulmonary vascular 
resistance; *: p<0.05; **: p<O.Ol. 

Resting heart rate before and after treatment was 
normal. Resting mean pulmonary arterial pressure for 
the group before and after treatment was normal. An 
abnormal increase in PAP on exercise (by more than 10 
mmHg) was seen in 18 patients before and in 12 patients 
after treatment. Mean pulmonary wedge pressure was 
normal both at rest and on exercise, before and after 
treatment. Inspiratory to expiratory swings of pulmonary 
arterial diastolic pressure at rest, before and after treat­
ment were slightly elevated. Normally &> APD does not 
exceed 4 mmHg [11]. During exercise &> APD increased 
before treatment to 18 mmHg and after to 17 mmHg. 
Cardiac index at rest, before and after treatment, was 
normal. Pulmonary vascular resistance was slightly 
elevated before treatment with no significant change on 
exercise. 
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Fig. 1. - Pulmonary arterial mean pressure (PAP) at rest before (B) 
and after (A) a year's treatment with steroids in 24 patients studied. 
Numbers on the left side of lines signify number of patients with the 
same pressure value. 
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Fig. 2.- Pulmonary arterial mean pressure (PAP) at the end of steady­
state exercise before (B) and after (A) a year's treatment with steroids. 

Comparison of individual data of pulmonary 
haemodynamics before and after treatment (fig. 1) showed 
that resting PAP in 2 patients remained the same. In 14 
patients resting PAP decreased and in 8 patients it 
increased. In 7 patients the increase was small and within 
the normal range of pressures. In one patient PAP 
increased frqm 13 mmHg to 27 mmHg. In this patient 
disease progressed radiologically together with deterio­
ration of the lung function parameters despite treatment. 

The rise in pulmonary arterial pressure in response to 
exercise was the same in 5 patients. In 12 patients the 
increase in PAP was lower during the same workload 
than before treatment. In 7 patients PAP on exercise 
increased more after treatment than before (fig. 2). In 5 
of the 7 patients reporting exercise dyspnoea grade 1 
before treatment, symptoms disappeared. In 2 dyspnoea 
remained. One of these 2 patients was the one in 
whom there was a significant increase in PAP despite 
treatment. 

Discussion 

The patients in this study qualified for corticosteroid 
treatment because of lack of spontaneous regression of 
the disease, altered lung function and signs of active 
disease. We recruited all patients admitted to the Depart­
ment to start treatment during the time the investigations 
were carried out. We have assumed that they represent 
an average cross-section of cases of sarcoidosis. 

The majority of patients had stage 11 pulmonary 
sarcoidosis. Only 5 patients were stage Ill according to 
the accepted diagnostic principles [12]. In this study and 
in our former work [6] there was no definite correlation 
between radiological changes and altered lung function. 
Similar observations have been previously reported 
[13, 14]. 

One year of steroid treatment resulted in significant 
improvement of pulmonary function. Lung volumes 
increased and the pulmonary elasticity decreased. The 
most important changes were improvements in static 
and dynamic pulmonary compliance. Pulmonary gas 
exchange at rest and during exercise increased in most 
patients after treatment. The assessment of the chest 
radiographs showed regression of sarcoid in all but 2 
patients in whom radiological changes progressed 
despite treatment. Resting pulmonary arterial pressure 
before treatment was normal ( <20 mmHg) in all but one 
case with stage 11 of the disease. Resting pulmonary hyper­
tension was found in 3 out of 5 patients with stage Ill. 
An abnormally high increase in PAP during submaximal 
exercise was observed in 75% of patients. These find­
ings confirmed both our [6] and other author's [15, 16] 
observations of restriction of the pulmonary vascular bed 
in patients with stages 11 and Ill sarcoidosis. 

The benefits of corticosteroid treatment on the 
pulmonary circulation were not as effective as on lung 
function and radiological changes. Pulmonary haemo­
dynamics at rest were the same before and after treat­
ment in 2 patients. In 14 patients the pulmonary arterial 
pressure was lower after treatment and in 8 patients resting 



406 J. GLUSKOWSKI ET AL. 

PAP increased, but in 6 it remained in the normal range. 
Of four patients with resting pulmonary hypertension 
before treatment, the PAP in one became normal and in 
one pulmonary hypertension was markedly reduced. 
Improvement in pulmonary haemodynamics during 
exercise was observed in half of the cases. Performing 
the same work resulted, after treatment, in a smaller 
increase in PAP than before treatment in 12 patients. 

In 7 patients we noted a larger increase in PAP on 
exercise. All of these patients had reacted with an 
abnormally large increase in pulmonary arterial pressure 
on exercise before treatment. Interestingly, in all but 
one of these patients, we observed improvement in both 
the lung function variables and the radiological picture. 

Inspiratory to expiratory fluctuations of pulmonary 
arterial diastolic pressure remained unchanged after 
treatment. It was shown that f1P APD closely follows 
fluctuations in pleural pressure necessary for maintain­
ing adequate pulmonary ventilation and indirectly reflects 
disturbances in pulmonary mechanics [17]. It might be 
expected that improvement in pulmonary compliance 
observed after steroid therapy would cause a decrease in 
respiratory swings of intravascular pressure, but this was 
not the case. Small decreases in respiratory fluctuations 
of pulmonary arterial pressure during exercise were not 
statistically significant. 

Depending on the localization of sarcoid lesions in 
relation to the structures responsible for the efficiency of 
alveolar ventilation and perfusion, differences in the 
impairment of pulmonary function and circulation may 
result. This may explain the lack of correlation between 
alterations in pulmonary function and pulmonary blood 
pressure. Our study showed that in the majority of 
patients both pulmonary function and circulation were 
impaired before treatment. Restriction of pulmonary 
volumes, increased lung recoil pressure and limitation of 
the pulmonary vascular bed was found in most cases. 

After steroids, pulmonary function improved in almost 
all patients but a corresponding change in pulmonary 
haemodynamics was only found in half. It is possible 
that sarcoid granulomas in the walls of pulmonary vessels 
disappear more slowly with steroids than those in the 
interstitium. The study showed that despite a similar 
radiological picture in some patients with stage II disease 
the level of pulmonary arterial pressure varied between 
cases. The improvement in the chest radiograph corre­
lated with the lowering of the pulmonary blood pressure 
only in some cases. The same applies to the discrepancy 
between the improvement in pulmonary function and 
PAP. These differences probably depend on the 
localization of sarcoid granulomas in relation to 
pulmonary arteries [18, 19]. Investigation of pulmonary 
haemodynamics could be a valuable complement in the 
assessment of functional dcrangements caused by the 
disease. 
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Effets des traitements aux corticosteroi"des sur l'hemodynamique 
pulmonaire des patients sarcoi"dosiques. ], Gluskowski, 
!. Hawrylkiewicz, D . Zych, J. Zieliflski. ·· 
RESUME: Nous avons investigue les effets d'un traitement de 
12 mois aux steroides sur l'hemodynamique pulmonaire chez 
24 patients atteints de stade 11 ou Ill de sarcoldose pulmonaire. 
Avant traitement, tous les patients ont subi un cliche 
Lhoracique, des epreuves fonctionnelles pulmonaires et une 
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Mmodynamique pulmonaire mesuree au repos et au cours d'un 
effort submaximal. L'on a !:rOuve une hypertension pulmonaire 
de repos chez 3 patients, et observe une augmentation 
anormale de la PAP a !'effort chez 18 patients. Toutes les 
investigations ont et6 repetces aprcs un an de traitement. Chez 
presque tous lcs patients (22). l'on a note une regression des 
modifications radio1ogiques pulmonaires et une amc1ioralion 

de la fonction pulmonaire. Les modifications de la circulation 
pulmonaire furent moins homogcnes. Chez sculemcnt la moitic 
des patients erudies. la regression de la maJadic observcc sur 
les cliches thoraciqucs et !'amelioration de la fonction 
pulmonaire se sont accompagnees d'une amelioration de 
l'hemodynnmiquc pulmonaire. 
Eur Respir 1., 1990, 3, 403-407. 


