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Background
Interstitial lung diseases are common features in scleroderma that seem to add to
the morbidity and mortality of the disease. Other complications that may occur with
scleroderma are pulmonary hypertension.
Aim
to evaluate the functional status of patients with progressive systemic sclerosis-
associated diffuse parenchymal lung disease.
Methodology
A total of 44 adult patients with a confirmed diagnosis of sclerodermawere included.
The disease severity was assumed by using the grading of the inter-incisor distance
and finger-to-palm distance. Assessment of the chest high-resolution computed
tomography (HRCT) was performed, and then functional assessment in the form of
arterial blood gas, spirometry, 6-min walk distance, and echocardiography was
performed.
Results
There were no significant differences between the scleroderma with diffuse
parenchymal lung disease and those with normal HRCT regarding the
measured and calculated parameters, except for the pulmonary artery systolic
pressure, which was significantly higher in the normal HRCT group than those with
interstitial lung disease.
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Introduction
Progressive systemic sclerosis (PSS) is a rare
autoimmune systemic connective tissue disease [1].
The disease is characterized by a triad of
inflammation, fibrosis, and obliterative vasculopathy
[2]. The main contributors in the pathogenesis of the
disease include effector cells like fibroblasts and
endothelial cells and inflammatory mediators like
transforming growth factor-β, vascular endothelial
growth factor, connective tissue growth factor, type I
interferon, and endothelin 1 [2]. The predominantly
affected organs are the skin, gastrointestinal tract, lungs,
heart, and kidneys [1].

Approximately 40% of patients with PSS have some
degree of interstitial lung disease (ILD) [3]. Risk factors
ofdevelopingsevereprogressive ILDincludediffuse skin
affection, African-American and Native-American
ethnicities, and antitopoisomerase 1, antifibrillarin, or
anti-Th/To antibodies positivity [4]. Studies reported
up to 80%of patientswith the diffuse type and up to 20%
of patients with limited type develop ILD [1]. Fatalities
secondary to respiratory failure were reported [3].High-
resolution computed tomography (HRCT) is an
essential step in the diagnosis and follow-up of
berculosis | Published by Wo
patients with ILD [5]. Nonspecific interstitial
pneumonitis (NSIP) is the most frequent radiological
pattern of ILD in patients with PSS [6], and it accounts
for 50–77% of ILD cases [7]. Usual interstitial
pneumonia is a less frequent radiological pattern [8].
NSIP can be either cellular or fibrotic depending on the
relative degree of inflammation and fibrosis [9].

Pulmonary arterial hypertension (PAH) is a frequent,
yet, fatal complication of PSS [10]. It is usually a late
disease onset complication and typically manifests 10
years from disease onset. Unlike ILD, it is more
frequent in patients with limited disease type and
positive anticentromere antibodies [11]. Its
prevalence varies among different studies depending
on the methods of diagnosis [12]; a prevalence of 45%
was reported by the use of right heart catheterization
[13]. Prognosis of these patients is worse than that of
patients with idiopathic PAH, with a 3-year survival
rate of 56% [14].
lters Kluwer - Medknow DOI: 10.4103/ejcdt.ejcdt_123_18
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Rational
The aim of the current study was to evaluate the
functional status of patients with PSS-associated
diffuse parenchymal lung disease (DPLD).
Patients and methods
The study was held in the Chest Department, in
collaboration with the Rheumatology and Radiology
Departments, Kasr Al-Ainy Hospital, Cairo
University, over a period of 1 year.

All adult patients with a confirmed diagnosis of
systemic sclerosis [15,16] and associated chest
symptoms were included in the study.

Patients were subjected to full history taking, detailed
systems review, thorough clinical examination, and
laboratory investigations, including erythrocytes
sedimentation rate, complete blood picture,
creatinine phosphokinase, transaminases, creatinine,
urea, and complete urine analysis.

For assessment of the disease severity, the interincisor
distance in centimeters (cm) and the finger-to-palm
distance in cm were measured. The interincisor
distance is the distance between the incisal edge of the
upper and lower central incisors [17]. The finger-to-
palm distance is the distance between the tip of the third
finger and the distal palmer crease in maximal active
flexion. The finger-to-palm distance affection was
graded as follows: 0 (normal): less than 1 cm, 1 (mild):
1–1.9 cm, 2 (moderate): 2–3.9 cm, 3 (severe): 4–4.9 cm,
and 4 (end stage): greater than or equal to 5 cm [18].

Detailed cardiopulmonary evaluation was done
(Table 1). Regarding transthoracic echocardiography,
it was performed to assess pulmonary artery size,
tricuspid regurgitation velocity, right heart chambers
size and function, and the inferior vena cava diameter
and collapsibility and to estimate the pulmonary artery
systolic pressure. The echocardiographic probabilities
for pulmonary hypertension (PH), according to
European Society of Cardiology and European
Respiratory Society guidelines for PH, 2015, were
Table 1 Parameters of cardiopulmonary evaluation in the current s

Detailed cardiopulmonary evaluation

Dyspnea evaluation using modified Medical Research Council scale

Six-min walk distance (6MWD) according to the guidelines ATS 2002

Pulmonary function assessment using spirometry

Arterial blood gases on ambient air with calculation of the alveolar-ar

Chest HRCT interpreted by a trained pulmonologist and radiologist

Transthoracic echocardiography

ATS, American Thoracic Society.
used in this study. All patients with low,
intermediate, and high probability of PH were
considered having PH [21]. Those patients were
referred to the Pulmonary Vascular Research Unit,
Kasr Al-Aini Hospital, Cairo University, for further
evaluation and follow-up.

Statistical analysis
Using SPSS version 25 (SPSS Inc.), numerical data
were illustrated as mean±SD, whereas categorical data
were illustrated as percentages and frequencies. For
normally distributed data, unpaired t-test was used for
comparison, whereas the nonparametric
Mann–Whitney test was used for non-normally
distributed quantitative data. χ2-Test was used to
compare between categorical variables. Probability
(P) value less than 0.05 was considered statistically
significant.
Results
A total of 44 patients with scleroderma were included
in the study. Their mean age was 44.3±11.24 years.
The male: female ratio was 1 : 10. Three (6.8%)
patients had diffuse PSS, whereas 41 (93.2%)
patients had limited disease. The mean disease
duration was 4.5±2.6 years.

Patients were divided into two groups according to the
HRCT findings: PSS associated with diffuse
parenchymal lung disease (PSS/DPLD) and PSS
associated with normal chest HRCT (PSS/normal
chest HRCT). The most common HRCT pattern of
ILD was the NSIP pattern, and it was reported in 31
(70.4%) patients. Its cellular form was reported in 21
(47.7%) patients (Fig. 1), whereas its fibrotic form was
reported in 10 (22.7%) patients (Fig. 2). Radiological
findings of the rest of the patients included lymphocytic
interstitial pneumonitis, mosaic pattern owing to small
airway diseases, and interstitial edema.

The two patient groups, PSS/DPLD and PSS/normal
chest HRCT, were compared regarding the
demographical data, clinical manifestation, indicators
of PSS severity (interincisor distance and finger-to-palm
tudy

(mMRC) [19]

[20]

terial oxygen gradient (PA-a)



Figure 1

Cellular nonspecific interstitial pneumonitis.

Figure 2

Fibrotic nonspecific interstitial pneumonitis.
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distance), spirometric values, and echocardiographic
findings (Table 2). This comparison revealed no
statistically significant difference between the two
groups except for the pulmonary artery systolic
pressure, which was significantly higher in the group
of patients with PSS with normal chest HRCT.

The study population was further subdivided according
to the coexistence of PH: 31 (70.4%) patients had
DPLD only (PSS/DPLD), seven (15.9%) patients
had DPLD and concomitant PH (PSS/DPLD/PH),
one (4.5%) patient had PH without DPLD, and four
(9%) patients had neither DPLD nor PH. The
comparison between patients with PSS/DPLD and
those with PSS/DPLD/PH concerning age,
functional capacity parameters, and disease severity
revealed insignificant differences (Table 3).
Discussion
A total of 44 patients were included in the study. Of
them, 38 (86.4%) patients had ILD proved by chest
HRCT. It was stated that up to 90% of patients with
PSS exhibit evidence of interstitial affection even in the
absence of chest complaint [22]. This percentage is
comparable to that of the current study; however, in the
current study, all recruited patients had obvious chest
symptoms.

The most common radiological patter of ILD in
patients with PSS is the NSIP pattern, being seen in
64–77% of patients [23]. In the current study, NSIP
represented 70.4% of ILD cases.

In this study, most of patients with DPLD (92.1%) had
the limited disease phenotype. In 2009, Fischer and his
colleagues found that all patients with PSS with ILD in
their study had a limited disease [24]. Bouros et al. [25]
found that 70% of their patients with ILD were of the
limited group and 30% of them were of the diffuse
group. However, other studies reported the
development of ILD in all included patients with
diffuse disease [26–30]. Notably, ILD was even
reported in PSS without skin involvement, that is,
systemic sclerosis sine scleroderma [31].

Palm-to-finger distance was used to assess the disease
severity in the current study. It was found that 44.7% of
patients with DPLD had mild degree of skin fibrosis as
denoted by mild affection of finger-to-palm distance.
It was thought that ILDmostly occurs early during the
disease course and it could be the first disease
manifestation. Moreover, it was reported that ILD is
not related to the degree of skin fibrosis. However,
some researchers stated that ILD occurs early in
patients with the diffuse subtype and late in those
with the limited subtype [32].

In the current study, 97.4 and 71.1% of the patients
with PSS/DPLD had GERD and dysphagia,
respectively. Similar higher percentages were
reported by others [33,34]. This could be explained
by the role of esophageal dysmotility-related aspiration
on the occurrence of ILD [34].

Spirometry is frequently used for screening and early
detection of PSS-related ILD [35]. The FVC is the
recommended end point used in clinical studies of
PSS-related ILD [36]; it seems to be reduced in up
to 75% of patients with ILD [28]. In the current study,
the mean FVC% in patients with ILD was mildly
affected (63.10±17.78). Moreover, Moghadam et al.



Table 2 Comparison between the patients with diffuse parenchymal lung disease and those with normal high-resolution
computed tomography regarding the demographical data and clinical characteristics

PSS/normal HRCT (n=6) [n (%)] PSS/DPLD (n=38) [n (%)] P value

Sex

Female 5 (83.3) 35 (92.1) 0.456

Male 1 (16.7) 3 (7.9)

Type of PSS

Diffuse 0 (0) 3 (7.9) 1

Limited 6 (100) 35 (92.1)

BMI

<18 0 (0) 3 (7.9) 1

18–25 3 (50) 18 (47.4)

>25 3 (50) 17 (44.7)

Dysphagia 4 (66.7) 27 (71.1) 1

GERD 5 (83.3) 37 (97.4) 0.257

Dyspnea degree

mMRC1 0 (0) 1 (2.6) 0.411

mMRC2 3 (50) 12 (31.6)

mMRC3 1 (16.7) 18 (47.4)

mMRC4 2 (33.3) 7 (18.4)

FVC restriction

Mild 2 (33.3) 17 (44.7) 0.740

Moderate 3 (50) 10 (26.3)

Severe 0 (0) 4 (10.5)

Normal 1 (16.7) 7 (18.4)

RV dilatation 1 (16.7) 4 (10.5) 0.538

Finger-to-palm distance

Mild 2 (33.3) 17 (44.7) 0.507

Moderate 2 (33.3) 4 (10.5)

Severe 0 (0) 2 (5.3)

Very severe 0 (0) 0 (0)

Normal 2 (33.3) 15 (39.5)

Age (mean±SD) (years) 39.5±10.01 45.05±11.36 0.266

FVC% (mean±SD) 67.03±18.2 63.10±17.78 0.618

FEV% (mean±SD) 81.83±8.54 82.85±11.22 0.833

6MWD (mean±SD) (m) 261.67±80.1 291.42±66.9 0.329

PO2 (mean±SD) (mmHg) 81.67±8.55 77.12±15.06 0.477

Basal SPO2 (mean±SD) 96.50±1.22 95.10±3.24 0.069

PA-a (mean±SD) (mmHg) 20.06±13.24 30.50±12.38 0.106

PASP (mean±SD) (mmHg) 46±16.52 31.96±9.99 0.037

Interincisor distance (mean±SD) (cm) 4±1.05 3.55±0.9 0.274

6MWD, 6-min walk distance; A-a gradient, alveolar-arterial oxygen gradient; DPLD, diffuse parenchymal lung disease; FEV, forced
expiratory volume; FVC, forced vital capacity; GERD, gastroesophageal reflux; HRCT, high-resolution computerized tomography; LA; left
atrium; mMRC, modified Medical Research Council scale; PASP, pulmonary artery systolic pressure; PO2, arterial oxygen pressure; PSS,
progressive systemic sclerosis; RV, right ventricle; SPO2, arterial oxygen saturation. χ2-Test was used for comparison between categorical
variables. Unpaired t-test was used for the comparison between numerical variables. A P value less than 0.05 was considered statistically
significant.
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[37] reported a mean FVC% of 68.41±17.51 in their
PSS cohort.

It was noted that the mean of FVC% in patients with
PSS/ILD was almost the same as PSS/normal chest
HRCT patients. Many factors could influence lung
volumes in patients with PSS including chest wall
stiffness, bone resorption, and diaphragmatic
dysfunction [38]. Furthermore, ILD could add to
skeletal muscle dysfunction in patients with PSS
[39]. Although Suliman et al. [40] stated that
pulmonary function test may cause false diagnosis of
ILDs using FVC, others reported that FVC is one of
the most valuable parameters to evaluate ILD severity
in patients with PSS [37].

Six-min walk distance is an easy and noninvasive
objective method used for assessment of functional
status of patients with DPLD [41]. In our study,
the means of 6-min walk distance in patients with
DPLDs and those with normal chest HRCT were
comparable. This unexpected result could be explained



Table 3 Comparison between progressive systemic sclerosis/
diffuse parenchymal lung disease group and progressive
systemic sclerosis/diffuse parenchymal lung disease/PTH
group regarding age, spirometry values, exercises capacity,
oxygenation parameters, and disease severity

PSS/DPLD
(n=31) (mean

±SD)

PSS/DPLD/PH
(n=7) (mean±SD)

P
value

Age (years) 45.35±11.21 43.71±12.85 0.580

FVC% 62.44±19.24 66±9.31 0.825

FEV1% 82.72±10.81 83.4±13.85 0.740

6MWD (m) 292.71±71.73 285.71±42.76 0.555

PO2 (mmHg) 78.01±15.30 73.14±14.36 0.632

O2 saturation 95.38±2.80 93.86±4.85 0.530

A-a gradient
(mmHg)

30.47±12.44 30.65±13.12 0.768

Interincisor
distance (cm)

3.56±98 3.5±0.41 0.854

6MWT, 6-min walk test; DPLD, diffuse parenchymal lung disease;
FEV1, forced expiratory volume in the first second; FVC, forced
vital capacity; O2 saturation, arterial oxygen saturation; PH,
pulmonary hypertension; PO2, arterial oxygen pressure; PSS,
progressive systemic sclerosis. A-a gradient: alveolar-arterial
oxygen gradient. Unpaired t-test was used for comparison. A P
value less than 0.05 was considered statistically significant.
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by the increased frequency of PH in the latter group
[42]. Moreover, the musculoskeletal involvement in
patients with PSS could contribute to their physical
disability [43]. Moreover, depression [44], easy
fatigability [22], fibromyalgia [45], and malnutrition
[46] could contribute to the low physical performance
in patients with PSS.

PH associating PSS could be attributed to different
mechanisms, including vasculopathy (group 1),
myocardial fibrosis (group 2), ILD (group 3), and
concomitant pulmonary veno-occlusive disease
(group 1) [47]. It was found that 20.4% of our
patients had PH; this percentage is comparable to
that reported by Launay et al. [48] (18.3%) and
Trad et al. [49] (21%). However, a higher
percentage (37.3%) was mentioned by Chang et al.
[50]. Although the percentage of patients with PSS/
ILD/pulmonary hypertension (PH) was 15.9% in this
study, it was mentioned to be 17% (63), 21.8% [48],
37.25% [51], and 38% [52] in four different studies.

In the current study, the comparability of the
functional status between patients with DPLD and
those without could be explained by the mild to
moderate affection of lung parenchyma as evidenced
by normal arterial blood gases in our patients with
DPLD. Factors associated with severe restrictive lung
disease including the black race, male sex, early disease,
and primary cardiac involvement, were not prominent
in our patients with DPLD [28].
Conclusion
Interstitial lung disease is a frequent complication of
PSS; the most common pattern of ILD in those
patients is the NSIP. PH is a less common
complication. PSS-associated ILD seems not to add
to the deterioration of the physical functions that are
originally attributed to the primary disease process.
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