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Abstract Clinical aspects and pathology of pulmonary
hypertension (PH) in patients with systemic lupus
erythematosus (SLE) have been reported to be similar to
those in patients with idiopathic pulmonary arterial hyper-
tension (IPAH). To determine whether PH in these patients
is similar, we compared the clinical characteristics, hemo-
dynamics at diagnosis, and survival in groups of patients
with SLE–PH and IPAH. We reviewed the case records of
20 patients with SLE–PH and 34 patients with IPAH, who
had been assessed by echocardiography or right cardiac
catheterization at Asan Medical Center, Seoul, Korea, from
January 1995 to October 2003. Clinical features, laboratory
data, chest X-rays, electrocardiogram results, pulmonary
function tests, pulmonary perfusion scans, echocardio-
graphic findings, serologic profiles, and survival were
compared in the two groups of patients. The mean follow-
up period was 18.1±20.6 months for patients with SLE–PH
and 33.0±23.4 months for patients with IPAH. During
follow-up, 12 SLE–PH (60%) and 11 IPAH (32%) patients
died. For SLE–PH, the 3-year survival rate was 44.9% and
the 5-year survival rate was 16.8%. For IPAH, the 3-year
survival rate was 73.4% and the 5-year survival rate was
68.2% (p=0.02). There were no other significant differ-
ences in clinical characteristics and laboratory data
between the two groups. In contrast to previous reports

that the prognosis of patients with pulmonary arterial
hypertension associated with collagen vascular disease was
better than that of patients with IPAH, we found that the
prognosis of patients with SLE–PH was much worse than
that of patients with IPAH.
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Introduction

Pulmonary arterial hypertension (PH) is a rare but severe
complication in patients with systemic lupus erythemato-
sus (SLE), occurring in about 0.5–14% of SLE patients
[1–5].

In patients with SLE, PH may be mild or asymptomatic,
and it may be difficult to diagnose because it can develop
as a result of heart failure, pulmonary thromboembolism,
hypoxia, or respiratory failure. PH in connective tissue
diseases may be a life-threatening complication as well as a
crucial factor in determining prognosis. For example, the
prognosis of patients with SLE-induced PH is poor, with a
two-year mortality higher than 50% [6, 7]. In Korea, PH is
the third leading cause of death in SLE patients [8].

Idiopathic pulmonary arterial hypertension (IPAH) is
clinically defined as a mean pulmonary arterial pressure
(mPAP) greater than 25 mmHg at rest or greater than
30 mmHg during exercise after ruling out other causes of
pulmonary arterial hypertension [9]. Although the patho-
genesis, clinical features, laboratory parameters, pathologic
findings, and management of SLE–PH have been reported
to be very similar to those of IPAH, there have been few
direct comparisons of patients with these two conditions.
To determine the similarity or dissimilarity of SLE–PH and
IPAH, we compared clinical characteristics, hemodynam-
ics at diagnosis, and survival in groups of these patients.
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Materials and methods

Patients

We reviewed the medical records of 20 patients with
SLE–PH, according to the American College of Rheuma-
tology criteria [10], as well as those of 34 patients with
IPAH at Asan Medical Center from January 1995 to
October 2003.

All patients met the criteria of PH based on the National
Institute of Health (NIH) guidelines [11].

Patients with SLE were excluded if they had conditions
that could affect pulmonary artery pressure, such as left
heart failure, pulmonary thromboembolism, congenital
heart disease, valvular heart disease, obstructive or
restrictive pulmonary disease, or liver cirrhosis.

Methods

The diagnostic criteria used in the NIH registry include a
mean pulmonary artery pressure of more than 25 mmHg at
rest or more than 30 mmHg with exercise. If there were no
secondary causes of increased pulmonary artery pressure, it
was defined as IPAH [11]. In addition, a right ventricular
systolic pressure (RVSP) that exceeded 45 mmHg by
echocardiography was defined as PH in patients who did
not receive right cardiac catheterization. To estimate RVSP,
the systolic right atrial–ventricular pressure gradient (PG)
was calculated using the modified Bernoulli equation,
ΔP ¼ 4V 2; where ΔP is the pressure gradient and V is the
tricuspid regurgitation maximal velocity (TRVmax) mea-
sured. An estimate of right atrial pressure, 10 mmHg, was
added to the pressure gradient to calculate RVSP, which
was considered equal to the systolic pulmonary arterial
pressure (sPAP) in the absence of right ventricular outflow
obstruction [12].

Table 1 Clinical characteristics of SLE–PH and IPAH groups

Characteristic SLE–PH (n=20) n (%) IPAH (n=34) n (%) p

Demographics
Age (years) 36.4±12.6a 34.7±16.5a NS
Sex (male to female) 0:20 (100) 8 (23.5):26 (76.5) NS
Duration of symptoms (months)*
RR=2.383 (1.64–4.494 CI)

13.0±4.71a 66.0±8.02a 0.0354b

0.007
Duration of diagnosis of PH to death*
RR=2.559 (1.066–6.147 CI)

10.0±1.34a 23.0±7.29a 0.0025b

0.036
Mean follow-up period (from diagnosis) 18.1±20.6a 33±23.4a NS
Duration of SLE 30.8±28.4a

Clinical characteristic
Symptoms & signs
Raynaud’s phenomenon* 12 (60) 3 (8.8) <0.001
Dyspnea
NYHA I–II 5 (25) 10 (29.4) NS
III–IV 15 (75) 24 (70.6) NS
Chest pain 10 (50) 11 (32.4) NS
Hepatomegaly 11 (55) 15 (44.1) NS
Syncope 11 (55) 9 (26.5) NS
Dizziness 5 (25) 10 (29.4) NS
Fatigue 10 (50) 18 (52.9) NS
Increased P2 8 (40) 11 (32.4) NS
Systolic murmur 10 (50) 18 (52.9) NS
Cardiomegaly* 16 (80) 10 (29.4) 0.012
Serositis* 7 (35) 1 (2.9) 0.003
Nephritis 6 (30)
SLEDAI 14.3±6.4 (6–34)a

Treatment
Beraprost 11 (55) 21 (61.7) NS
Warfarin 3 (15) 7 (20.6) NS
Cyclophosphamide 9 (45)

PH Pulmonary hypertension, IPAH idiopathic pulmonary arterial hypertension, NYHA New York Heart Association
*p< 0.05
aValues are mean±SD
bLog-rank P
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Swan–Ganz catheters were used for mPAP and cardiac
output measurement during cardiac catheterization. The
positive hemodynamic response by nitric oxide was
defined as a reduction in pulmonary vascular resistance
(PVR) and mPAP of at least 20% [13–15].

The clinical features, laboratory findings, chest X-rays,
electrocardiogram (ECG) results, pulmonary function tests
(PFT), pulmonary perfusion scans, echocardiographic
findings, cardiac catheterization, serologic profiles at the
time of diagnosis, and survival were compared in the
groups of patients with SLE–PH and IPAH. In addition,
these patients were divided according to their PG for
comparison of clinical features and survival rates.

Statistical analysis

Continuous values are reported as mean±SD and compared
using the Mann–Whitney U test and Student’s t test.
Survival rates in the two groups were compared using the
Kaplan–Meier method, and differences in duration of
symptoms, duration of diagnosis of PH to death, and mean
survival time were compared using the log-rank test.
Values of p<0.05 were considered significant. All tests
were performed using SPSS version 10.0 for Windows.

Results

Clinical characteristics of SLE–PH patients

Of the 725 patients diagnosed with SLE from January 1995
to September 2003 at the Asan Medical Center, 181
underwent echocardiography or right cardiac catheteriza-
tion, and 20 were diagnosed with PH. Their demographic
and clinical characteristics are presented in Table 1. Their
mean age was 36.4 years, and all were women. The
mean time between the diagnosis of SLE and PH was
30.8±28.4 months, and the median duration from
symptoms of PH onset to diagnosis of PH was
13.0±4.71 months. All patients reported dyspnea during
exercise, and 60% presented with Raynaud’s phenomenon.
Physical examination revealed increased pulmonary com-
ponent of the second heart sound (P2) in eight patients
(40%), increased systolic murmur in ten (50%), and
hepatomegaly, which is indicative of right heart failure,
in 11 (55%). The mean systemic lupus erythematosus
disease activity index (SLEDAI) was increased to 14.25.
Simple chest X-ray examination revealed cardiomegaly in
16 patients (80%).

ECG revealed right axis deviation and right ventricular
hypertrophy in 14 patients (70%), and PFT showed that
diffusing capacity was 68.9%. Pulmonary perfusion scan
revealed diffuse patch defect in 11 patients (55%) and
normal findings in five patients (25%) (Table 2). All
patients were positive for antinuclear antibody (ANA), and
11 patients each were positive for rheumatoid factor (RF)
and antiphospholipid antibody (APL). Eight of 20 patients

with SLE had anti-ribonucleoprotein antibody. Reduced
complement activity was observed in 17 patients (85%).

Hemodynamic findings are shown in Table 3. Echocar-
diograms revealed 3.93±0.58 m/sec of TRVmax and an
average of 65.3 mmHg of PG. Pericardial effusion was
present in 12 patients (60%). The 6-min walk test showed
an average of 375.1 m. Right cardiac catheterization was
performed on ten patients, in whom sPAP was increased to
72.1 mmHg and mPAP was increased to 50 mmHg, but
pulmonary capillary wedge pressure was normal. Response
to nitric oxide (NO) was observed in only one of these
patients (10%). Of the 20 SLE–PH patients, nine (45%)
were treated with cyclophosphamide.

Comparisons of the SLE–PH and IPAH patient groups

Clinical characteristics

Compared with the IPAH group, the SLE–PH group had a
significantly shorter time from symptom onset to diagnosis
of PH and more frequently showed Raynaud’s phenome-
non. The other clinical characteristics were similar between
the two groups (Table 1). Simple chest X-rays showed
more frequent cardiomegaly in the SLE–PH group, but
there were no significant differences in the other variables.

Table 2 Electrocardiogram and pulmonary function tests in
SLE–PH and IPAH patients

Variables Patients (n) p

SLE–PH (n=20)
n (%)

IPAH (n=34)
n (%)

ECG abnormality NS
Sinus tachycardia 8 (40) 6 (17.6)
Normal 11 (50) 27 (79.4)
RAD 14 (70) 30 (88.2)
RVH 14 (70) 27 (79.4)
qR V1 16 (80) 24 (70.6)
T inversion V1-4 14 (70) 20 (58.8)
T inversion inferior lead 11 (55) 25 (73.5)
PFT NS
FEV1 (% of pred.) 86.2±16.0a 80.9±11.4a

FVC (% of pred.) 97.9±11.6a 85.7±14.9a

FEV1/FVC (%) 85.6±6.9a 80.9±11.4a

DLCO (% of pred.) 68.9±17.2a 72.9±13.6a

TLC (% of pred.) 91±10a 80.9±11.4a

Perfusion scan NS
Normal 5 (25) 15 (44.1)
Diffuse 11 (55) 16 (47)
not checked 4 (20) 3 (8.8)

SLE–PH Systemic lupus erythematosus pulmonary hypertension,
IPAH idiopathic pulmonary arterial hypertension, ECG electrocar-
diogram, RAD right axis deviation, RVH right ventricular hyper-
trophy, PFT pulmonary function test, FEV1 mean forced expiratory
volume in one second, % of pred. percentage of predicted value,
FVC forced vital capacity, DLCO diffusing capacity, TLC total
lung capacity
aValues are mean±SD
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ECG, PFT, and perfusion scans showed no differences
between the two groups (Table 2). In contrast, ANA and RF
were significantly higher in the SLE–PH group. None of
the four SLE patients who did not have a perfusion scan
had APL including lupus anticoagulant test, aCL antibody,
or anti-beta2 GP-I antibody.

Hemodynamic features

Right cardiac catheterization was performed on ten patients
in the SLE–PH group and on 29 patients in the IPAH
group. The latter had significantly higher sPAP
(75.8±15.1 mmHg vs 97.3±24.3 mmHg, p=0.013) and
mPAP (50.0±13.5 mmHg vs 61.4±19.4 mmHg, p=0.049)
than the SLE–PH group. The positivity of NO-response
was significantly lower in the SLE–PH group, with one of
ten patients (10%), than in the IPAH group, with five of 29
patients (17%). Echocardiograms showed that TRVmax was
increased in both groups and that mean pressure gradient
was higher in the IPAH group (76.7 mmHg) than in the
SLE–PH group (65.3 mmHg), but the difference was not

statistically significant. Arterial blood gas analysis (ABGA)
showed more frequent hypoxemia (PaO2<80mmHg) in the
IPAH group (62%) than in the SLE–PH group (20%,
p=0.004) (Table 3).

Time from PH diagnosis to death

The SLE–PH group had a significantly shorter time from
diagnosis to death (10.0±1.34 months) compared to the
IPAH group (23.0±7.29 months, log-rank test, p=0.0025).

The Cox-proportional hazard ratio (RR) was 2.559
(1.066–6.147, confidence interval).

Comparison of survival rates

Follow-up of the 20 SLE–PH patients from the diagnosis of
PH until October 2003 showed that 12 had died. Five
patients died of right heart failure, four from sudden cardiac
death due to arrhythmia (three ventricular fibrillation, one
ventricular tachycardia), and three from infection. Their
median survival duration was 13 months and their
1-, 3-, and 5-year survival rates were 50.5, 44.9, and
16.8%, respectively. In contrast, 11 of the 34 IPAH patients
had died during this time. Their median survival duration
was 66 months and their 1-, 3-, and 5-year survival rates
were 76.5, 73.4, and 68.2%, respectively. These are
significantly longer than those of the SLE–PH group
(p=0.02) (Fig. 1). When we compared the survival rate of
SLE–PH and IPAH patients with higher pressure gradients
(>60 mmHg), we found that patients with SLE–PH had a
markedly poorer 5-year survival (median, 4 months) than
those with IPAH (median, 66 months, p=0.009). When we
compared patients with lower pressure gradients
(<60 mmHg), we again found that patients with SLE–PH
had poorer 5-year survival (p<0.05).

Table 3 Hemodynamic features and arterial blood gas analysis in
SLE–PH and IPAH patients

Variables Patients (n) p

SLE–PH (n=10) IPAH (n=29)

Catheterization data
sPAP (mmHg)a* 75.8±15.1 97.3±24.3 0.013
mPAPa* (mmHg) 50.0±13.5 61.4±19.4 0.049
RAP (mmHg) 7.0±4.0 8.0±4.0 NS
COa 4.0±1.1 3.5±1.0 NS
PCWP (mmHg)a 8.5±1.4 9.3±5.7 NS
CI (La min−1am−2)a 2.6±0.7 2.4±0.7 NS
PVRIa 1471±621.3 1807.4±861.9 NS
NO response* n (%) 1 (10%) 5 (17%) 0.018
6-min walk test (m)a 375.1±147.3 429±119.5 NS
Echocardiographic data n=20 n=31
Ejection fraction (%)a 60.6±10.3 63.5±7.4 NS
TR Vmax

a (m/s) 3.9±0.6 4.3±0.6 NS
PG (mmHga) 65.3±21.0 76.7±20.6 NS
PG (high>60 mmHg)*
n (%)

7 (35) 24 (77) 0.002

Pericardial effusion*
n (%)

12 (60) 7 (21) 0.041

ABGA
Hypoxemia*
(PaO2<80 mmHg)

4 (20) 21 (62) 0.004

Hypocapnia
(PaCO2<40 mmHg)

17 (85) 31 (91.2) NS

sPAP Systolic pulmonary arterial pressure, mPAP mean pulmonary
arterial pressure, RAP right atrial pressure, CO cardiac output,
PCWP pulmonary capillary wedge pressure, CI cardiac index,
PVRI pulmonary vascular resistant index, TR Vmax tricuspid
regurgitation maximal velocity, PG pressure gradient
*p<0.05 (percentage relative to the number of patients tested)
aValues are given as mean±SD

Fig. 1 Graph showing the survival rates SLE–PH (n=20) and IPAH
(n=34) patients
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Discussion

SLE often involves multiple visceral organs. For example,
the lungs are preferentially affected in SLE, showing
various symptoms, including pulmonary hypertension,
pleuritis, diffuse interstitial lung disease, and pulmonary
embolism [16]. IPAH has a reported prevalence of 1∼2 per
1 million in the USA and Europe, and 1,300 per 1 million
during autopsy [6].

About 0.5 to 14% of the patients with SLE have PH,
which is frequently mild or asymptomatic [3, 16].
Although PH was regarded as very rare for patients with
SLE, the development of better diagnostic tools has shown
a higher frequency [3, 7, 17]. In Korea, the prevalence of
SLE–PH has not been reported to date. In this study, we
determined the prevalence of SLE–PH in a single center as
20 per 725 (2.8%), which is lower than the prevalence rates
in previous reports. These latter studies, however, may
have overestimated the frequency of SLE–PH by including
asymptomatic patients and borderline PH patients with
RVSP 30 mmHg by echocardiogram [4, 18]. In contrast,
we applied stricter criteria to patient selection, including
only those patients with symptoms of PH and RVSP greater
than 45 mmHg. Although only ten patients in the SLE–PH
group received right cardiac catheterization and others only
received echocardiogram, currently, using Doppler echo-
cardiography to evaluate pulmonary artery pressure is
considered a reliable method to detect PH in patients who
did not receive right cardiac catheterization [19].

We found that the clinical characteristics of patients with
SLE–PH were similar to those of patients with IPAH
except for cardiomegaly due to pericardial effusion, as well
as other SLE specific manifestations, including ANA and
RF, Raynaud’s phenomenon, and serositis.

We found, however, that the time from symptom onset to
diagnosis was significantly longer in the IPAH group than
in the SLE–PH group. The nonspecific nature of symptoms
in IPAH may have delayed its diagnosis, whereas active
application of echocardiography to SLE patients in our
hospital allowed earlier detection of PH in SLE. Due to the
poor prognosis of patients with SLE–PH, active screening
using echocardiography should be emphasized in patients
with SLE.

The pathogenesis of PH has not been clearly established.
In PH associated with connective tissue disease, deposition
of immune complexes involving anti-DNA or RF anti-
bodies and the associated inflammation and platelet
dysfunction has been reported to lead to the dysfunction
of pulmonary vascular endothelial cells, resulting in PH
[2]. This has suggested that the combination of steroids and
immunosuppressants may be effective therapy for PH
associated with SLE [5, 20–24]. In this study, 17 (85%)
SLE–PH patients had active SLE with reduced comple-
ment activity. We therefore suspected that in these patients,
PH is due mainly to immunologic damage, and we treated
nine of these patients with a combination of high-dose
steroid and cyclophosphamide. APL is often mentioned as
a cause of PH associated with pulmonary embolism
[25–27]. Although perfusion scan didn’t show definite

thromboembolism of main pulmonary artery, many scans
disclosed patchy perfusion inhomogeneities, which are
well-recognized as potentially indicative of old, partly
recanalized thromboemboli. On the other hand, the rate of
APL reported was similar in SLE–PH patients and SLE
patients without PH [18]. We observed that 55% of
SLE–PH patients were positive for APL antibody, a rate
similar to those in earlier reports [28–30]. Thus, additional
studies are needed to determine the role of APL antibody in
the pathogenesis of PH.

In connective tissue diseases, PH is a life-threatening
complication as well as a crucial factor in determining
prognosis. In patients with symptomatic SLE–PH, the
overall prognosis is especially poor, with a 2-year mortality
rate exceeding 50% [6, 7]. In Korea, SLE–PH has been
reported to be the third leading cause of death in patients
with SLE [8]. We observed a median survival time of
13 months, and 1-, 3-, and 5-year survival rates of 50.5,
44.9, and 16.8%, respectively, all of which are lower than
those previously reported. Direct comparison between our
results and those in previous reports is difficult due to our
use of different inclusion and exclusion criteria. We did
show, however, that patients with SLE–PH had a higher
mortality rate and a lower 5-year survival rate than patients
with IPAH. In addition, the IPAH group had a higher mPAP
than the SLE–PH group, although the latter had a higher
mortality rate and a shorter time from PH diagnosis to
death. When we regrouped PH patients by similar PAP to
reduce any error of comparison resulting from PAP
differences, we still found that the SLE–PH group had
statistically significantly higher mortality and lower 5-year
survival rate than the IPAH group.

The poorer prognosis in the SLE–PH group may have
been due to the greater severity of underlying diseases. In
addition, when we determined causes of death in the
SLE–PH group, we found that five patients died of right
heart failure, four from sudden cardiac death due to
arrhythmia, and three from infection. Although the distri-
bution was generally similar in patients with IPAH, more
patients in the SLE–PH group died due to infection,
suggesting that SLE–PH patients may be more susceptible
to infection caused by SLE itself or immunosuppressant
drugs such as cyclophosphamide.

In addition, although not statistically significant, the
increased NO response in the IPAH group and the more
frequent use of beraprost or warfarin in the IPAH group
may have affected mortality.

SLE–PH and IPAH have been reported to be similar in
pathogenesis, clinical manifestations, laboratory findings,
and pathology [31–33]. Based on this, treatment of
SLE–PH tends to be adopted from that of IPAH including
the use of vasodilators, PGI2 analogues, bosentan, an oral
nonselective endothelin receptor blocking agent, and
anticoagulants, such as warfarin, all of which have been
shown to prolong survival for patients with IPAH [34–36].
In addition, IPAH and PH associated with connective tissue
diseases have been treated with epoprostenol (prostacyclin,
prostaglandin I2), long-term infusions of which are
associated with symptomatic and hemodynamic improve-
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ments and prolonged survival [37–41]. Recently, these
conditions have been treated with iloprost, a derivative of
prostacyclin with a longer half-life, which is actively
applied through IV injection or inhalation [42–44].
Subsequent treatment with beraprost, an oral prostaglandin
I2 agent, after IV epoprostenol treatment has been found
effective [45, 46].

In this study, 11 SLE–PH patients were treated with
beraprost and only three with warfarin. Although only three
of the SLE patients were treated with warfarin in our study
group, anticoagulation could be important in SLE–PH
patients with an APL, as in IPAH patients [36]. However,
this point needs to be verified in a larger study population
in the future. Unfortunately, IV epoprostenol or Bosentan,
currently the most reasonable treatment options, were not
widely available for our study population.

Although 9 of the 20 SLE–PH patients were treated with
an immunosuppressant, typically cyclophosphamide, there
was no significant difference in survival between the
treatment and nontreatment groups.

The significance of this study is that first, it applied strict
inclusion criteria to SLE–PH, including only those symp-
tomatic patients with RVSP greater than 45 mmHg.

Second, our study directly compared patients with IPAH
and SLE–PH, who had similar demographics and clinical
manifestations. Therefore, we established the objective
evidence for similarity. Third, our study demonstrated that
SLE–PH has a much poorer prognosis than IPAH,
indicating the necessity of early diagnosis and more active
treatment of the former.

Among the limitations of this study are its retrospective
design and its survey of patients in a single center. Another
limitation is that because most of the echocardiograms
were performed on symptomatic patients and not on all
SLE patients as a screening test, selection bias including
more severe SLE patients could have occurred. Other
limitations are that fewer right cardiac catheterizations
were performed in the SLE–PH group than in the IPAH
group and that warfarin and beraprost were used less
frequently in the SLE–PH group than in the IPAH group.
Although this difference was not statistically significant, it
may have led to an overestimation of the difference in
survival.

In summary, we have shown here that the prognosis of
SLE patients with PH was much poorer than that of IPAH
patients. The result suggests the necessity of early diagno-
sis and more active treatment of SLE patients with PH.
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