Reumatol Clin. 18 (2022) 597-602

3

Sociedad Espaiiola
de Reumatologia -
Colegio Mexicano
de Reumatologia

Reumatologia cimica

Reumatologia

Clinica s

www.reumatologiaclinica.org s =

Original Article

Study the Relationship of MDCT Staging in Disease Extent with the
Systemic Sclerosis Disease Parameters

Check for
updates

Abeer M. Ghandour?, Rania M. Gamal?, Gehan Seif Eldein®, Aya M. Gamal?, Eman El-Hakeim?,
Marwa A.A. Galal?, Fatma H. EI-Nouby?, Yasmine S. Makarem?, Ahmed Abdellatif Awad¢,
Ahmed A. Hafez?, Hanan Sayed M. Abozaid ¢*

2 Department of Rheumatology& Rehabilitation, Assuit University, Egypt

b Department of Radiology, Assiut University Hospital, Egypt

¢ Department of Physical Medicine, Rheumatology & Rehabilitation, Ain Shams University, Egypt
d Department of Rheumatology& Rehabilitation, Sohag University, Egypt

ARTICLE INFO

Article history:

Received 12 December 2020

Accepted 8 April 2021

Available online 16 June 2021

Keywords:
Systemic sclerosis
MDCT

Staging

PFTs

Palabras clave:
Esclerosis sistémica
TCMD

Puesta en escena
PFP

* Corresponding author.

ABSTRACT

Background and objectives: The highest incidence of death in systemic sclerosis due to pulmonary disease
raises the need for early detection and treatment. The study aim is the assessment of interstitial pul-
monary disease by Multi Detector High Resolution CT (MDCT) and finds its relationship with the other
disease parameters and the Pulmonary Function tests (PFT).
Patients and methods: A prospective cross-sectional study was performed in Assiut University Hospitals
from May 2018 to January 2020 and included 62 consecutive SSc female patients. Demographic, clinical,
Laboratory, PFT and MDCT assessment were conducted for all participants.
Results: The coarseness of fibrosis was 8.32 (range 0.0-17), the average proportion of ground-glass opacifi-
cation was 28.3% (range, 0.0%-75%). Honey-comb pattern was seen in (52.5%). Mean Extent of disease was
46.25 + 3.7 (range 5-81). Restrictive deficit found in 42 patients. Significant relation was found between
the extent of disease and the percentage predicted FVC (r=0.373, p 0.018) and FEV1/FVC (r=0.593, p
0.000) and coarseness of fibrosis and proportion of ground glass opacification correlated inversely with
VC(r=-0.385,p=0.014,r=-0.376, p=0.017 respectively), Rayanud’s phenomena, modified Rodnan Skin
Score and Medsger's general are positively correlated with MDCT disease extent.
Conclusion: Scoring of systemic sclerosis (SSc) related interstitial lung disease (SSc-ILD) could be appli-
cable as one of the important tools for disease assessment.

© 2021 Elsevier Espafia, S.L.U. and Sociedad Espafiola de Reumatologia y Colegio Mexicano de

Reumatologia. All rights reserved.

Estudiar la relacion de la estadificacion de 1a TCMD en la extension de la
enfermedad con los parametros de la enfermedad de esclerosis sistémica

RESUMEN

Justificacion y objetivos: La mayor incidencia de muerte en la esclerosis sistémica por enfermedad pul-
monar plantea la necesidad de una deteccién y un tratamiento precoces. El objetivo del estudio es la
evaluacién de la enfermedad pulmonar intersticial mediante TC de alta resolucién multidetector (TCMD)y
encuentra surelacion con otros parametros de la enfermedad y con pruebas de funcionamiento pulmonar
(PFP).

Pacientes y métodos: Se realiz6 un estudio transversal prospectivo en los hospitales universitarios de
Assiut desde mayo de 2018 hasta enero de 2020 que incluy6 62 pacientes femeninas de esclerosis
sistémica consecutivas. Se realizaron evaluaciones demograficas, clinicas, de laboratorio, PFP y TCMD
para todos los participantes.
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Resultados: La aspereza de la fibrosis fue de 8,32 (rango 0,0-17) y la proporcién promedio de opacificaciéon
en vidrio esmerilado fue del 28,3% (rango 0,0-75%). Se observé un patrén de panal de miel en el 52,5%.
La extension media de la enfermedad fue de 46,25 + 3,7 (rango 5-81). Se encontré déficit restrictivo en
42 pacientes. Se encontré una relacién significativa entre la extension de la enfermedad y el porcentaje
predicho de capacidad vital forzada (CVF)(r=0,373,p=0,018)y FEV1/CVF(r=0,593,p=0,000)y la aspereza
de lafibrosis y la proporcién de opacificacion en vidrio esmerilado se correlacionaron inversamente con la
capacidad vital (r=-0,385, p=0,014; r=-0,376, p=0,017, respectivamente), los fenémenos de Rayanud,
m Rodnan Skin Score y Medsger general se correlacionan positivamente con la extensién de la enfermedad

por TCMD.

Conclusion: La puntuacién de la enfermedad pulmonar intersticial relacionada con la esclerosis sistémica
podria ser aplicable como una de las herramientas importantes para la evaluacién de la enfermedad.

© 2021 Elsevier Espaiia, S.L.U.

y Sociedad Espafiola de Reumatologia y Colegio Mexicano de Reumatologia. Todos los derechos reservados.

Introduction

Systemic sclerosis (SSc) is well known as a multifactorial
systemic autoimmune disease with structural and functional dam-
age of the microvasculature! this could happen in the form of
endothelial dysfunction with small-vessel vasculopathy, immuno-
logic abnormalities, fibrosis and excessive collagen production.?
Systemic sclerosis is classified into diffuse SSc (dcSSc) and limited
SSc (1cSSc) types according to the pattern of skin involvement.?

Pulmonary affection in patients with SSc is a common co-
morbidity, it is classified into two main groups, (1) primary
pulmonary disease with lung parenchyma involvement and pul-
monary hypertension, (2) secondary pulmonary disease as a
complication of airway illness with bronco-aspiration secondary
to gastro-esophageal reflux, toxicity due to medications, and
infections.*

Interstitial lung disease (ILD) is found in some studies more
common in diffuse SSc than limited type.!® Pulmonary hyper-
tension (PH) and ILD, are the most common cause of morbidity
and mortality in SSc patients.! Recognition of lung involvement is
essential for the care of these patients.? Interstitial abnormalities on
high-resolution computed tomography (HRCT) could be detected
in about 90% of SSc patients,® while 40-75% will have changes in
pulmonary function tests (PFTs).” Previous studies of the course of
systemic sclerosis disease have found some predicting factors for
ILD in SSc for example; autoantibodies such as antitopoisomerase,
age at the diagnosis of SSc, cardiac diseases, elevated Rodnan Skin
Score, elevated creatinine, forced vital capacity (FVC) less than 65%,
carbon monoxide diffusion capacity (DLCO) less than or equal to
55%, and the dcSSc.8-10

Material and methods

A prospective cross-sectional study was performed from May
2018 to January 2020, it included 62 consecutive SSc female
patients. The inclusion criteria were the following: The SSc
patients fulfilled the 2013 (ACR/EULAR) classification criteria for
scleroderma,'! and were further sub-classified to have diffuse
(dcSSc) or limited (IcSSc) cutaneous subset of SSc,® age at dis-
ease onset after 16 years old, and patients use stable medication
in the last 3 months. Exclusion criteria included; mixed connec-
tive or autoimmune tissue diseases overlapping with SSc, recent
or current respiratory infection, uncontrolled congestive heart fail-
ure, severe pulmonary hypertension requiring specific treatment,
history of allergic alveolitis or asthma, exposure to organic dusts
or clinically significant abnormalities other than interstitial lung
disease identified on chest radiography or on HRCT.

The study was approved by the university ethical committee
Ass-16-17100179m.

All patients signed informed consent to join the study

Methods

SSc patients underwent: demographic data, clinical assessment,
pulmonary function tests (PFT), high resolution MDCT, and labora-
tory assessment.

Clinical assessment included; disease history and duration,
modified Rodnan Skin Score (mRSS), revised Medsger’s SSc severity
scale which consists of nine organ systems with a score from 0 to
4,12 electrocardiogram (ECG, estimation of pulmonary artery sys-
tolic pressure (PASP)), and left ventricular ejection fraction (LVEF)
with Echo Doppler.

PFT were performed (MasterScreen Diffusion, Jaeger,
Wouerzburg, Germany) included spirometry, lung volume deter-
mination by the helium dilution technique, and CO diffusion lung
capacity measurement by the single-breath method, according
to the American Thoracic Society'? guidelines. The obtained
values were expressed as percentages of normal predicted values.
Pulmonary function was considered abnormal when total lung
capacity (TLC) and/or forced vital capacity (FVC) and/or carbon
monoxide lung diffusion (DLCO) were less than 80% of predicted
values. Spirometric parameters included forced expiratory volume
in 1s (FEV1), forced vital capacity (FVC) and FEV1/FVC, vital
capacity (VC) were expressed as a percentage of predicted value
(% pred. values) based on height, age, gender and ethnic origin.

High-resolution multidetector CT (MDCT) scans were obtained
on 16 rows MDCT (GE medical systems) scanner with 0.75 colli-
mation, 0.5s gantry rotation time, 140kVp, and 120 mAs during
maximum inspiration with the patient supine and scan was
performed from lung apex to diaphragm. All images were recon-
structed with a slice thickness of 1 mm and a reconstruction interval
of 1 mm with high-frequency reconstruction kernel. Images were
reconstructed with a high spatial frequency algorithm for lung
analysis and with a standard soft-tissue algorithm for mediastinal
evaluation. Images were viewed at lung (window width 1600 HU,
window level 600 HU) and mediastinal (window width 350 HU,
window level 50 HU) window settings. No intravenous contrast
material was used.

Interpretation of high-resolution MDCT images

The high-resolution MDCT features were quantified visually
using quantitative and semi-quantitative scoring in blinded man-
ner similar to that reported by Wells et al.,'* and Desai et al.'>
Total disease extent was estimated to the nearest 5%. Ground glass
opacification (GGO) and reticular pattern extents were estimated
as proportion of total disease extent. Honey-combing (HCs) was
estimated as well. The extent of pulmonary disease was evaluated
in 5 levels of the lungs, as follows: 1, origin of great vessels; 2,
Carina; 3, pulmonary venous confluence; 4, between levels 3 and
5; and 5, 1 cm above the right hemidiaphragm. The coarseness of
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Table 1 Table 2
Demographic data. High resolution MDCT findings in the patients.
Limited SSc (1cSSc)  Diffuse SSc (dcSSc)  p value HRCT No. %
Number of patients 41 (66%) 21 (34%) Overall grade
Age 37.15+9.38 41.15+9.56 0.216 1 20 323
Disease duration in years  6.22+4.16 7.38+5.45 0.460 2 11 17.7
Raynaud’s phenomena 25(92.5%) 12 (92.3%) 0.974 3 31 50
ESR 23.63+16.74 26.23+19.72 0.666 e " -
Renal affection 5(12%) 5(23.1%) 0.962 xtezrz)tyof isease (%) » ros
Cardiac affection 3(7.4%) 0(0%) 0.314 : 0% a8 e
Pulmonary affection 26 (63%) 8 (38%) 0.145 :
e, PreI;]sence of honeycombing i 467
Steroids 21(77.8%) 13 (100%) YO 3 s
MTX 13 (48.1%) 7 (53.8%) es :
AZA 9(33.3%) 4(30.7%)
CYC 0(0%) 3(23.1%)
Epilate retard 10(37.1% 4(30.7 .
Cg;i:nre ar 3 (1(1 17)) 3 E23 ]2/) (range, 0.0%-75%). The mean extent of disease was 46.25+3.7
(range 5-81) HR-MDCT findings were summarized in Table 2.
PFTs ;
FEV1 8544+ 18.98 937742054 A HRCT showed th'at lung reticular patt'ern wasothe most com
FEV1/FVC 106.716.92 106.85 + 6.59 0951 mon lung abnormality, which was found in 31(50%) patients. The
FVC 61.22+20.49 70.69+23.81 0.202 GGO was found in 21 (33%) patients, mixed pattern was found in
VC 71.15+13.12 84.62+24.25 0.028* 11 patients (17.5%), and honey-comb (HCs) pattern was seen in 33

ESR; erythrocyte sedimentation rate, MTX; methotrexate, AZA; azathioprine, CYC;
cyclosporine, FEV1; forced expiratory volume in 1s, FVC; forced vital capacity, VC;
vital capacity.

fibrosis was graded as follows: 0, ground-glass opacification alone;
1, fine intra-lobular fibrosis; 2, microcystic reticular pattern com-
prising air spaces smaller than or equal to 4 mm in diameter; and
3, a macrocytic reticular pattern comprising air spaces larger than
4mm in diameter.

The CT findings were graded as follows: grade 1, predom-
inant ground-glass opacification; grade 2, equal proportions of
ground-glass opacification and a reticular pattern, and grade 3,
predominant reticular pattern.!>

Statistical analysis

Data were expressed as mean and standard deviation for
continuous variables and as number and percentage for categor-
ical variables. Statistical analysis was performed using the SPSS
package (SPSS Inc, Chicago, U.S.A.) (version 20). The t-test and one-
way ANOVA test were applied for comparisons among variables.
The relationships between MDCT scores and pulmonary function
parameters were examined using Pearson’s correlation. A p value
of than 0.05 was considered statistically significant.

Results
Demographic data

The mean (£SD) age was 38.45+9.5 years. 63% were positive
ANA, 61% were anti SCL70 positive and 29% were ACA positive.
Forty-one patients (66%) had limited SSc while 21(34%) had diffuse
SSc. Raynaud’s phenomena were present in 51 (82%), digital ulcers
in 37 (60), 22 (35.5%) had telangiectasia, 35 (56.5%) had calcinosis.
Dyspnea and heart burn were present in 46 (74%) and dyspha-
gia occurred in 47(74.6%). The mean and standard deviation of the
modified Rodnan Skin Score (MRSS) was 24.9 +9.3.

Demographic data of all patients were summarized in Table 1.

MDCT scores

The average of coarseness of fibrosis was 8.32 (range, 0.0-17),
the average proportion of ground-glass opacification was 28.3%

(53%) patients. Patients with positive anti-topoisomerase antibod-
ies showed more sever pattern than negative patients.

Regarding the regional distribution of abnormalities, reticular
pattern and HC were the most common in the lower lung zones
(Figs. 1 and 2).

Relation between demographic, pulmonary function tests and

MDCT scores

Respiratory restrictive pattern was found in 47 (75%) patients
(mild to moderate in 29 patients and severe in 18 patients), the
rest 15 patients had normal PFTs.

A significant difference was found between subtypes of SSc
and vital capacity VC (p=0.028) but other spirometric parameters
showed no significant differences (p > 0.05). The coarseness of fibro-
sis shows significant difference between subtypes of SSc (p=0.025)
but the proportion of ground-glass opacification, extent of disease
and honeycomb did not differ significantly between 1cSSc and dcSSc
(p>0.05) (Table 3).

Thirty- seven (60%) patients had FVC<70% of predicted. An
inverse correlation was found among extent and FVC (r=-448,
p=0.004), FEV1/FVC (r=-380, p=0.015) and VC (r=353, p=0.025)
(Fig. 3).

Disease duration was positively and significantly correlated
with extent of disease (r=0.52, r=0.05), Medications’ dose and
duration did not show any significant correlations with the pul-
monary assessments.

Rodnan skin score was positively and significantly correlated
with extent of disease (r=0.59, p=0.001), with honey comb
(r=0.37, p=0.018), and negatively correlated with FVC (r=-.56,
p=0.01).

The correlation of both Medsger’s General and Medsger’s kid-
ney were positively significant with the coarse pattern of MDCT
(r=0.34, p=0.03) and (r=0.54, p=0.02) respectively, while other
Medsger’s scales did not show any significant relations.

All patients known to have signs of ILD by MDCT examination
in this study were having Raynaud’s phenomena as well.

Discussion

The importance of studying the interstitial lung disease in
systemic sclerosis patients (SSc-ILD) is increasing, as it is con-
sidered with the pulmonary hypertension as the most leading
causes of disease related death in SSc patients.'® As new therapies
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Fig. 1. Axial HRCT images at level 3 and 4 in a 38 year-old female show mixed reticular and GGO patterns as septal thickening in lung bases and limited patchy areas of GGO.
This patient had FVC 61% of predicted value (mild restriction pulmonary impairment). A predominant reticular pattern and a coarseness grade of 3 were assigned.

Fig. 2. HRCT of axial images at level 1, 2 and 3 in a 43 years old female reveals bilateral ground glass opacification with fine reticulation. The patient had FVC 80% predicted
value (normal pulmonary function). Predominant GGO and coarseness grade of 1 where was assigned.

targeting these pulmonary conditions emerge, early recognition of
lung involvement is essential for the care of these patients

The prevalence of (ILD) in SSc patients varies by the diagnos-
tic method. Some interesting studies examined series of autopsies,
and found100% of the SSc cases presented with ILD.!7-'8 And with
the use of high resolution computed tomography (HRCT), this dis-
ease was detected in up to 90% of cases,>% !9 while the pulmonary
function tests indicated ILD in 40-75% of cases.”

HRCT imaging provides means of accurately characterizing the
nature and extent of lung parenchymal changes. SSc-ILD typically
manifests on HRCT as predominantly ground glass appearance
(GGO) with a variable degree of pulmonary fibrosis. Honeycomb
cystic change were detected in 11-37% of patients with SSc-ILD.20
Thus, HRCT can be used to depict early SSc-ILD. Hence, in the cur-
rent study, reticular pattern was the most common MDCT patterns
of lung disease in 50% of SSc patients with the GGO (with or without
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HR-MDCT parameters IcSSc (n=41) dcSSc (n=21) p value
Extent of disease (%) 46.30 54.08 0.652
Proportion of ground glass opacification (%) 29.5 22.62 0.792
Coarseness of fibrosis (%) 8.19 6.31 0.026*
Presence of honey combing 55.6 46.2% 0.577
Overall grade

1 9 4

2 5 2

3 13 7 0.946

*

p value is significant.

100

extent of disease %

R Sq Linear = 0302

T T
20 40 60 80 100
FVC%

Fig. 3. Scatter plots reveals correlation between extent of disease (%) on HRCT and
FVC % predicted.

fibrosis) and HC were observed in 33% and 52.5% patients respec-
tively. This was in agreement with Wangkaew et al.2! who observed
predominant reticular pattern, GGO and HC in his patients.

In the current study, we used a quantitative scoring method that
was proposed by Wells et al.'# in order to estimate the extent of dis-
ease by HR-MDCT. The extent of lung involvement on HRCT images
(reticular, GGO, and/or HCs) is a more direct and precise indicator
of the severity of the underlying pathological process.22-2> Also,
it is a predictor of decline in forced vital capacity (FVC) in SSc-
ILD. A significant correlation found between the extent of disease
and PFTs (p <0.05). Although using different scoring systems, this
is consistent with those of previous studies.26:27

Notably, in this study, 15 of 62 patients with normal FVC value
had occult lung fibrosis depicted on HRCT. This is supported by
Suliman et al.>® who concluded that the absence of pulmonary
symptoms does not exclude lung fibrosis in patients with normal
FVC and low sensitivity of PFTs to detect early ILD compared with
HRCT.

Significant differences were observed in the current study, with
respect to HRCT-coarseness of fibrosis score among subtypes of SSc
that it was worse in limited than diffuse subtype (8.19 vs. 6.31,
p<0.026) and it was in agreement with Scleroderma lung study
(SLS)(23)who stated that the baseline HRCT total fibrosis score was
significantly higher (worse) in patients with IcSSc (p = 0.046) on the
other hand, Patiwetwitoon et al.26 found that the HRCT scores were
comparable in both subtypes of SSc.

Scleroderma Lung Study (SLS)?° reported that “there were
no significant differences between IcSSc and dcSSc patients
related to the frequency of alveolitis (GGO) by HRCT or the

average values of pulmonary functions”. This was similar to the cur-
rent study observation and in harmony with the other authors.30-32

Furthermore, Clements?? added that approximately 40% of the
patients enrolled into the SLS with dyspnea, restrictive lung disease
and evidence of alveolar inflammation on Broncho-alveolar lavage
(BAL) or HRCT had 1cSSc. Therefore, the assumption that SSc-related
ILD would be more common and severe in patients with diffuse SSc
was discredited. So all SSc patients should be evaluated carefully
for lung involvement irrespective of disease extent.!6:30

Approximately 40% of patients with SSc develop moderate to
severe restrictive lung disease'6 it asin accordance with the current
study that a restrictive defect found in 75% of patients.

The association of Raynaud’s phenomena with positive MDCT
in our study patients could help in the explanation of the ILD
pathogenesis in SSc disease as a part of abnormal interactions
between endothelial cells, lymphocytes/monocytes and fibrob-
lasts with subsequent an excess production of extracellular matrix
by fibroblasts in the setting of tissue hypoxia and vascular
hyperreactivity.!933

During the assessment of SSc outcome measures, the applica-
tion of m RSS is approved as a measuring tool for the degree of
skin thickening as the hallmark of SSc and as a primary outcome
measure of the therapy.>* The presence of the positive and signif-
icant correlation of the m RSS with the extent of disease (r=0.59,
p=0.001), and with the honey comb (r=0.37, p=0.018), and nega-
tive correlation with FVC (r=—.56,p=0.01)is agood indicator of the
importance of investigating the pulmonary affection is SSc patients
even if they not yet developed pulmonary symptoms.

Both Medsger’s General and Medsger's kidney were positively
significant correlated with the coarse pattern of MDCT (r=0.34,
p=0.03) and HC (r=0.54, p=0.02) respectively and that also walks
in the same way of the strong association of pulmonary involve-
ment with the different disease parameters.

Limitation of the study: Firstly, our study focused only on quan-
tification of ILD extent. The mean diameter of pulmonary artery was
not assessed in the current study. Secondly, lacking the correlation
of HRCT scan with long-term outcome, in additionto that, the cap-
illaroscopic examination was not performed for the participants.

Thus, cross-sectional and multicenter study is recommended in
our locality.

Conclusion

Scoring of SSc-ILD is recommended to be applicable as a rou-
tine evaluation of patients with SSc coarseness of fibrosis score was
worse in 1cSSc than in dcSSc. And also, there is a good correlation
between the extent of HRCT findings with different SSc diseases
assessment parameters.
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