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IntroductIon

Dermatomyositis (DM) is an inflammatory muscle dis

order that causes skin symptoms, such as heliotrope rash 

and Gottron papules, and produces proximaldominant 

muscle weakness and muscle pain1. In addition to classical 

DM, a clinical subtype of DM, known as clinically amyo

pathic DM (CADM), produces no muscle symptoms2. How

ever, CADM is associated with rapidly progressive intersti

tial lung disease (RPILD) and has a poorer prognosis than 
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ABSTRACT
Purpose : To clarify early computed tomography (CT) findings of clinically amyopathic dermato

myositis (CADM) complicated by rapidly progressive interstitial lung disease (RPILD), and serial 
changes of CT findings which might indicate the prognosis of patients.

Materials and Methods : The study subjects were 8 consecutive patients who had CADM with 
RPILD and 6 patients who were positive for the antimelanoma differentiationassociated gene 5 
(MDA5) antibody and had CADM but not RPILD. We reviewed early CT findings, obtained within 2 
weeks after the initial CT examination, of CADM with or without RPILD and compared chronological 
changes in CT findings between patients who survived or patients who died. 

Results : An early CT finding of subpleural crescentshaped groundglass opacity (GGO) in the 
upper lung was more frequent in patients with CADM and RPILD than in patients with CADM but no 
RPILD (P = 0.0310). Followup CT findings of all 4 patients who died were progression of perilobu
lar/bandlike opacities and new appearance of GGO/consolidation with loss of lung volume and devel
opment of pneumomediastinum.

Conclusions : A characteristic early CT finding of CADM with RPILD is subpleural crescent

shaped GGO in the upper lung. A chronological indicator of a poor prognosis is early development of 
pneumomediastinum within 9 weeks after the initial CT examination. Progression of perilobular/
bandlike opacities and new appearance of GGO/consolidation with volume reduction also suggest a 
poor prognosis.

 (Jikeikai Med J 2021 ; 68 : 4553)

Key words :  amyopathic dermatomyositis, computed tomography, early diagnosis, interstitial lung 
disease, pneumomediastinum



T. Fukuda, et al.46 Vol. 68, No. 2

does classic DM35. The incidence of RPILD is reportedly 

higher in patients with serological evidence of an anti

CADM140 antibody, and the antigen corresponding to an

tibodies is melanoma differentiationassociated gene 5 

(MDA5)6. In the presence of the antiMDA5 antibody, com

pared with other antibodies, the complication rate of RPILD 

is higher and the prognosis is poorer7,8. Indeed, the report

ed cumulative 100month survival rate of patients having 

CADM with antiMDA5 antibodies and RPILD is only 

54%9. However, the antiMDA5 antibody titer can be meas

ured in the laboratories of few institutions, and the results 

of outsourced laboratory tests are not available until several 

days later. For patients with CADM and RPILD, computed 

tomography (CT) is indicated, and chronological followup 

scans are usually obtained. The purpose of this research 

was to clarify the early CT findings of CADM with RPILD 

and chronological changes of CT that might suggest a pa

tient’s prognosis.

MaterIal and Methods

Patient selection

The Institutional Review Board of The Jikei University 

Hospital approved the study protocol (approval number 28

142 (8385)) with an exemption from acquiring the informed 

consent of patients because the study was retrospective 

and patient anonymity was preserved.

The diagnosis of CADM was based on the criteria of 

Sontheimer2. For patients with cutaneous manifestations of 

DM without muscle weakness of less than 6 months’ dura

tion, we applied the criteria of Gerami et al10. The definition 

of RPILD was the presence of progressive dyspnea, hypox

emia, and interstitial change on CT images or radiographic 

images or both of the chest within 3 months from the onset 

of respiratory symptoms11. We collected records of patients 

in whom CADM was diagnosed at The Jikei University 

Hospital from April 2009 through June 2016. The subjects 

were consecutive patients with CADM, which had been di

agnosed by a boardcertified rheumatologist with 9 years’ 

experience, with or without RPILD and positive for anti

MDA5 antibodies. We excluded patients who had been 

treated with corticosteroids or immunosuppressants or 

both before undergoing CT examinations of the chest. The 

final study group was 8 patients who had CADM with 

RPILD and 6 patients who had CADM without RPILD. Fol

lowup time of these patients was up to 12 months. 

Clinical and laboratory findings

We obtained clinical and laboratory data from the pa

tients’ medical records. They included age, sex, rash, fever, 

respiratory symptoms, contents of treatment, and clinical 

outcome. For patients who had died, we also recorded the 

length of time from the initial CT examination to death. 

From laboratory data, we recorded antiMDA5 antibody ti

ters. We also recorded any abnormal laboratory data that 

we considered to have potential relevance to this research.

CT acquisition

Patients underwent CT examinations when interstitial 

lung disease (ILD) was suspected on the basis of chest radi

ographic findings or symptoms. The CT examinations were 

performed on the same day they had been requested by 

physicians, which means that initial CT evaluations were 

performed on the same date patients were suspected of 

having ILD. Subsequent CT examinations were defined as 

“early CT” if they had been performed within 2 weeks of 

the initial CT examination. Thereafter, followup CT exam

inations were performed when they were considered clini

cally necessary at intervals depending on the clinical situa

tion. Because this study was retrospective, a variety of CT 

scanners had been used. The CT scanners used at The Jikei 

University Hospital were 16slice multidetectorrow (MD) 

CT scanners (SOMATOM Sensation 16 ; Siemens Health

ineers AG, Erlangen, Germany), 64MDCT scanners (SO

MATOM Perspective ; Siemens Healthineers), and 128

MDCT scanners (SOMATOM Definit ion AS+ and 

SOMATOM Definition Flash ; Siemens Healthineers). The 

CT protocol was as follows : 120 to 130 kilovoltage peak, 

20 to 450 mAs with dose modulation, pitch of 1.2, and colli

mation of 0.6 mm. For the standard algorithm, the recon

struction protocol was 5mm slice thickness with a gapless 

5mm interval. For the highresolution algorithm, 1mm 

reconstruction with a 5mm gap was used, except for pa

tient 2, from whom images of only 5mm slice thickness 

were available for both the initial CT scan and followup CT 

scan performed 3 days later. All CT scans were performed 

with the patient in the supine position at full inspiration.

Imaging analysis

With respect to craniocaudal distribution, we defined 
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the “upper lung” as the area above the tracheal carina and 

defined the “lower lung” as the area below. Regarding 

transverse distribution, we defined the “inner zone” as the 

region comprising the twothirds of the lung on the medias

tinal side and the “outer zone” as the region consisting of 

the third of the lung on the pleural side. Furthermore, we 

defined the “subpleural zone” as the region adjacent to the 

pleura. Groundglass opacity (GGO) was defined as slightly 

increased attenuation in which the pulmonary vasculature 

remained visible and classified into crescent, localized, and 

diffuse patterns. The crescent pattern is crescenticshaped 

opacity, the localized pattern is patchy or irregularly shaped 

opacity, and the diffuse pattern is extensive and noncres

centshaped opacity. Consolidation was defined as areas of 

increased attenuation in which pulmonary vessels and the 

bronchial structure were obscured12 and was categorized as 

of the diffuse or localized type on the basis of distribution. 

Diffuse consolidation represented extensive and nonseg

mental distribution, and localized consolidation involved ei

ther solitary or multiple areas of opacity of oval, spindle, or 

trapezoid shape distributed in peripheral areas or along the 

bronchovascular bundles. Bandlike opacity was defined as 

a nonseptal linear opacity, and perilobular opacity was de

fined as a poorly marginated linear polygonal opacity. 

We classified early CT findings into 5 patterns : 

subpleural crescentshaped GGO, diffuse GGO/consolida

tion, localized GGO, localized consolidation, and perilobular/

bandlike opacity. We analyzed CT findings according to the 

pattern most dominant in the upper and lower parts of the 

lungs and also recorded the less dominant CT patterns. 

Two boardcertified radiologists with 5 years’ and 20 

years’ experience in chest radiology analyzed images in 

consensus, comparing CT findings between cases of CADM 

with and without RPILD, analyzing early CT findings of 

cases of CADM with RPILD according to the above CT pat

terns, and comparing changes in CT findings over time be

tween deceased and surviving patients.

Pathological findings 

If a patient had died and if autopsy had been performed, 

the findings of the final CT examination before death and 

pathological examinations were compared. 

Statistical analysis 

Statistical analysis was performed with Fisher’s exact 

test and the MannWhitney U test to compare differences, 

calculate the cumulative survival rate using the Kaplan

Meier test, and compare survival rates using the logrank 

test. Survival time was defined as the length of survival 

from the date of the initial CT examination. The data were 

analyzed via the JMP® software program (version 13, SAS 

Institute, Cary, NC, USA) with P < 0.05 considered to indi

cate statistical significance. 

results

Clinical characteristics of the patients 

Of the 14 patients, 13 received combination therapy 

that included corticosteroids, cyclophosphamide, and cyclo

sporin/tacrolimus ; however, only 1 patient (patient 13) re

ceived only corticosteroids. Patients who survived for 12 

months included 4 of 8 patients who had CADM with 

RPILD (50%) and all 6 patients who had CADM without 

RPILD (100%) (Table 1). The cumulative survival rate for 

12 months did not differ significantly between patients with 

RPILD and those without RPILD (logrank test, P = 

0.0519), although all patients who died had RPILD. The 

prevalence of fever was significantly higher in patients who 

had RPILD (P = 0.0310), but the prevalence of respiratory 

symptoms did not differ significantly between the groups (P 

= 0.1026). 

Early CT findings

Of the 8 patients who had CADM with RPILD, 5 

(62.5%) demonstrated subpleural crescentshaped GGO in 

the bilateral upper lungs and 4 showed diffuse GGO/consol

idation : 3 in the lower lung and 1 in the upper lung (Table 

2). In contrast, of 6 patients who had CADM without 

RPILD, none showed either subpleural crescentshaped 

GGO or diffuse GGO/consolidation. Perilobular/bandlike 

opacity was present to some degree in all patients with 

CADM ; however, it was predominant in 3 patients with 

CADM and RPILD and 4 patients with CADM but without 

RPILD and was distributed primarily in the lower lung. 

Among early CT findings, subpleural crescentshaped GGO 

in the upper lung was observed more often in patients with 

RPILD than in patients without RPILD (P = 0.0310).

Chronological changes of CT findings 

All patients who died showed progressive deteriora
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tion. The progression of disease over time appeared as : (1) 

progression of subpleural crescentshaped GGO in the up

per lung into the inner zone (Fig. 1a), (2) a progressive in

crease in the size of perilobular/bandlike opacity with de

velopment of new GGO and consolidation with lung volume 

reduction and bronchiectasis (Figs. 2 and 3), or (3) eventual 

development of diffuse GGO/consolidation (Figs. 1b, 2 and 

3). In 8 of the 10 patients who survived, subpleural cres

centshaped GGO, localized GGO, and perilobular/band

like opacity developed after transient improvement from 

Table 1.　Characteristics of study subjects

Patient Age, years/Sex RPILD AntiMDA5 
antibody Outcome (days) Rash, days Fever, days Respiratory 

symptoms, days

1 64/M yes yes survival yes 9 yes*

2 58/M yes yes death (41) 8 5 yes*

3 71/M yes yes death (44) yes 15 15

4 61/M yes NA death (61) 15 45 15

5 72/F yes NA death (76) 30 yes no

6 44/M yes yes survival 60 yes 30

7 64/F yes NA survival 30 yes no

8 46/M yes yes survival 30 15 yes*

9 52/M no yes survival 45 no no

10 62/F no yes survival 60 yes 15

11 62/F no yes survival 60 no no

12 61/F no yes survival 90 no no

13 70/F no yes survival 30 no no

14 56/M no yes survival 90 no no

Abbreviations : NA, not applicable ; RPILD, rapidly progressive interstitial lung disease ; MDA5, melanoma differen
tiationassociated gene 5. The days of outcome indicate the number of days from the initial computed tomography ex
amination to the patient’s death. The days of rash, fever, respiratory symptoms indicate the number of days between 
the first visit and the appearance of symptoms. yes*, positive symptom, but the number of days to the appearance of 
symptoms is unknown.

Table 2.　Summary of computed tomographic findings

Patient

Early CT findings Pneumomediastinum

Outcome (days)Subpleural 
crescentshaped 

GGO

Diffuse GGO/
consolidation Localized GGO Localized 

consolidation
Perilobular/

bandlike opacity
Time since initial CT, 

weeks

1 U L 13 survival

2 U L 3 death (41)

3 U L 4 death (44)

4 U L 5 death (61)

5 U L 9 death (76)

6 U L 12 survival

7 U L 28 survival

8 U/L none survival

9 L none survival

10 L none survival

11 U L none survival

12 U none survival

13 L none survival

14 L none survival

Abbreviations : GGO, groundglass opacity ; CT, computed tomography ; L, lower lung ; U, upper lung. The days of outcome 
indicate the number of days from the initial CT examination until the patient’s death.
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the early CT examination. However, later followup exami

nations demonstrated the transformation of these opacities 

into mild reticular or scarlike linear opacities (Fig. 4). The 

other 2 patients who survived showed steady improvement. 

Pneumomediastinum developed in 7 of the 8 patients who 

had CADM with RPILD (87.5%) and in none of the patients 

who had CADM without RPILD (Table 2). Of the patient in 

whom pneumomediastinum developed, only 1 patient (pa

tient 3) underwent mechanical ventilation. Pneumomedi

astinum developed sooner after the initial CT examination 

among patients who died (3 to 9 weeks) than among pa

tients who survived (12 to 28 weeks ; P = 0.0339). 

Pathological findings in patients examined at autopsy

Autopsy was performed for 2 patients, patient 3 and 

patient 4, who had RPILD and died 7 and 2 days, respec

tively, after the final CT examination. In patient 3, marked 

proliferation of collagen fibers which had obliterated the al

veolar space was present predominantly in the lower lobes. 

Alveoli were filled with organized material and nodular fi

brosis of the Masson body associated with alveolar epitheli

al damage and mural fibrosis. These findings are consistent 

with transition from the organized to fibrotic phase of dif

fuse alveolar damage (DAD). Patient 4 showed extensive 

hyaline membrane formation that was consistent with the 

Fig. 1.　 Computed tomographic images of a 58yearold man (patient 2) who died with rapidly progressive interstitial lung dis
ease. A, Early computed tomographic examination showed subpleural crescentshaped groundglass opacity (GGO) in 
the right upper lobe (arrow). Pneumomediastinum appeared on day 16. Subpleural crescentshaped GGO appeared in the 
left upper lobe on day 26 and extended into the inner zone with mild reduction of the lung volume (arrow heads). B, Sub
pleural crescentshaped GGO gradually spread into the inner zone and changed into diffuse GGO/consolidation with re
duction of the lung volume (arrows) accompanied by bronchiectasis, and new opacities appeared (arrow head).

A

B
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exudative phase of DAD. Compared with patient 3, patient 

4 showed dominance of the exudative phase and limited 

findings of the organizing and fibrotic phases.

dIscussIon

Patients with CADM and RPILD have a poor progno

sis. Nearly half of patients die9,13,14, and patients with DM 

with or without CADM and RPILD have a poor prognosis 

even if they receive intensive treatment, such as highdose 

corticosteroids and immunosuppressive agents5,15. In the 

present study we observed cumulative 12month survival 

rates of 50% in patients who had CADM with RPILD and 

100% in patients who had CADM without RPILD. The 

prognosis has been reported to be improved following 

prompt multidisciplinary treatment in the early stage for 

ILD, even in cases of DM/CADM with RPILD7,13,1618. Thus, 

it is vital to understand the findings of early CT examina

tions to immediately implement appropriate treatment. 

In the present study, subpleural crescentshaped GGO 

in the upper lung was observed frequently with early CT 

examinations in patients with RPILD. Some degree of peri

Fig. 2.　 Computed tomographic images of a 61yearold man (patient 4) who died with rapidly progressive interstitial lung dis
ease. Serial computed tomographic images show gradual changes in peripheral perilobular/bandlike opacity, which pro
gresses into diffuse groundglass opacity/consolidation accompanied by reduction of lung volume.

Fig. 3.　 Computed tomographic images of a 72yearold woman (patient 5) who died with rapidly progressive interstitial lung 
disease. Serial computed tomographic images show gradual changes in bilateral perilobular/bandlike opacities. Opacities 
progresses into diffuse groundglass opacity/consolidation with marked loss of lung volume.
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lobular/bandlike opacity was found in all patients with 

CADM but was also present in patients without RPILD. A 

search of the literature found no systematic analysis of ear

ly CT findings of CADM with RPILD, although 1 case re

port described multiple patchy peribronchial opacity in the 

upper and lower lobes as an early CT finding of CADM with 

RPILD19. This finding is presumably equivalent to the local

ized consolidation defined in the present study.

To our knowledge, chronological CT findings in cases 

of CADM with RPILD have not been previously reported. 

All of our patients who died with CADM and RPILD showed 

the development of diffuse GGO/consolidation with the 

gradual reduction of lung volume. Autopsy findings of 2 pa

tients who died were consistent with pathological findings 

of DAD, and, therefore, the findings with highresolution 

CT of this diffuse GGO/consolidation with loss of lung vol

ume might indicate DAD. However, the formation process 

of the diffuse GGO/consolidation differed between the up

per lung and the lower lung. Subpleural crescentshaped 

GGO that developed in the upper lung and spread into the 

inner zone was present in 3 of our 4 patients. In contrast, 

thickening of perilobular/bandlike opacity developed in the 

lower lungs of 3 of 4 patients and was associated with newly 

developed GGO/consolidation. Although the patient did not 

meet the criteria of CADM, Chino et al.20 reported radiolog

ical and pathological correlation using the surgical lung bi

opsy specimen of a patient with antiMDA5 antibodyposi

tive RPILD who later died. The specimen, obtained from 

where perilobular opacities had spread rapidly and formed 

consolidation on highresolution CT, showed membranous 

organization and fibrosis with collapse of alveoli. The rapid 

spread of perilobular opacity and the formation of consolida

tion with marked loss of lung volume were hypothesized to 

strongly suggest DAD. Therefore, we believe that findings 

of perilobular/bandlike opacity with volume loss associated 

with newly developed GGO/consolidation in the lower lung 

correspond with DAD.

Another significant finding among patients with CADM 

is pneumomediastinum. Early onset of pneumomediastinum 

suggests the progression of ILD and a poor prognosis. Spe

cifically, if pneumomediastinum developed in our patients 

within 9 weeks after the initial CT examination, they later 

Fig. 4.　 Computed tomographic images of a 64yearold man (patient 1) who survived despite having rapidly progressive intersti
tial lung disease. Subpleural crescentshaped groundglass opacity (short arrows) appeared in the left upper lobe and dif
fuse groundglass opacity/consolidation extended into the inner zone of the right lower lobe on day 10. Serial computed 
tomographic images show reduction of the lung volume. Although pneumomediastinum was temporally present on day 
120 (arrow head), opacities of the right lower lobe almost disappeared without fibrosis and scarlike linear opacities re
mained in the subpleural area of the left upper lobe (long arrows) on day 1231.
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died. A review of 20 patients with DM and polymyositis has 

found that 4 died within 3 weeks after the onset of pneumo

mediastinum21. Of the other 16 patients, 4 died, but details 

were not given. Pneumomediastinum leading to death has 

also been reported in cases of DM and polymyositis with 

ILD2224. The pathophysiology of pneumomediastinum in pa

tients with CADM remains unclear ; however, its develop

ment has been attributed to several mechanisms. One 

mechanism is the Macklin effect, in which alveolar rupture 

causes intravasation of air into the bronchovascular intersti

tial sheaths, and air dissects along the pulmonary interstiti

um toward the pulmonary hila and into the mediastinum25. 

Additional attributed mechanisms are the induction of soft

tissue weakening following the administration of steroids23, 

necrosis of the bronchial wall as a result of DMrelated vas

culitis26, and the production of cystic air space and fibrosis 

caused by active ILD27. In contrast, pneumomediastinum it

self has been suggested to not be a poor prognostic factor in 

patients with DM but to be related to respiratory failure 

due to progressive ILD28.

Our study has several limitations. First, it was a retro

spective study with a small patient cohort. A second limita

tion is that we included cases of CADM with RPILD for 

which the antiMDA5 antibody titer was not measured and, 

for comparison, we included cases of CADM without RPILD 

that were positive for antiMDA5 antibody. However, the 

incidence of RPILD has been reported to be low among pa

tients who are negative for the antiMDA5 antibody, 

whereas most patients with RPILD have been regarded as 

positive for the antiMDA5 antibody7,29,30. A third limitation 

of our study is that we did not examine other factors that af

fect ILD, such as the precise timing of treatment and ciga

rette smoking. A fourth and final limitation of the present 

study is that we used various CT units and did not recon

struct 1mm slice thicknesses in the initial CT examination 

and the followup CT examination performed 3 days later 

for patient 2, which might have affected the interpretation 

of subtle CT findings.

In conclusion, a characteristic finding of early CT ex

aminations in patients with CADM and RPILD is subpleural 

crescentshaped GGO in the upper lung. A poor prognosis 

is suggested by the complication of pneumomediastinum 

within 9 weeks after the initial CT examination. Progres

sion of perilobular/bandlike opacity with the new develop

ment of GGO/consolidation accompanied by loss of lung 

volume might also suggest a poor prognosis.
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