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Abstract
Objective

To investigate the clinical characteristics of subcutaneous emphysema (SE) and mediastinal emphysema (ME) occurring 
in patients with anti-melanoma differentiation-associated gene 5 antibody-positive dermatomyositis associated with 

interstitial lung disease (anti-MDA5-positive DM-ILD).

Methods
In this retrospective study, a total of 117 anti-MDA5-positive DM-ILD patients were admitted to our hospital. 

All patients underwent an assessment of autoantibodies, serum ferritin levels, and lung high-resolution CT scans.

Results
In patients with anti-MDA5-positive DM-ILD, the incidence of SE/ME was found to be 11.1%, which was significantly 
higher compared to patients with anti-synthetase syndrome (p<0.01). The mortality rate among anti-MDA5-positive 

DM-ILD patients with SE/ME was significantly higher than those without SE/ME (p=0.0022). There was no statistically 
significant difference in the occurrence of SE/ME between patients with positive anti-Ro-52 antibodies and those with 

negative anti-Ro-52 antibodies (p=0.18). Patients with higher serum ferritin levels (1000 ng/ml ≤serum ferritin ≤1500 ng/ml) 
had a higher likelihood of developing SE/ME compared to patients with lower serum ferritin levels (serum ferritin <500 

ng/ml) (p<0.01). Among 13 anti-MDA5-positive DM-ILD patients with SE/ME, six (46.2%) developed SE/ME within 
1 month of being diagnosed and 53.8% of patients underwent positive pressure ventilation prior to the onset of SE/ME.

Conclusion
We found that SE/ME is not uncommon in anti-MDA5-positive DM-ILD and is an important factor associated with 

poor patient prognosis. The occurrence of SE/ME is correlated with high levels of serum ferritin and is not related to 
anti-Ro-52 antibodies. Rheumatologists should pay close attention to SE/ME caused by positive pressure ventilation 

in anti-MDA5-positive DM-ILD patients.
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Introduction
Dermatomyositis (DM) is an autoim-
mune disease that primarily affects 
the skin, skeletal muscles, joints, and 
lungs. In 2005, Sato et al. (1) first de-
tected autoantibodies to a 140-kD poly-
peptide in patients clinically diagnosed 
with amyopathic dermatomyositis. 
Subsequently, in 2009, they further 
identified this polypeptide as the anti-
melanoma differentiation-associated 
gene 5 antibody (anti-MDA5) (2). The 
condition of anti-MDA5-positive DM 
has garnered significant attention due 
to its poor prognosis and high mortal-
ity. Currently, clinical research on anti-
MDA5-positive DM primarily focuses 
on the complication of rapidly progres-
sive interstitial lung disease (RP-ILD), 
which is a significant cause of mortality 
in these patients (3, 4). As our under-
standing of this disease deepens, some 
scholars have reported that subcutane-
ous emphysema and mediastinal em-
physema are severe complications as-
sociated with anti-MDA5-positive DM 
(5). However, there are no studies on 
the characteristics of SE/ME in patients 
with anti-MDA5-positive DM. There-
fore, in this study, a retrospective analy-
sis of 117 cases of anti-MDA5-positive 
DM-ILD from the Department of Rheu-
matology and Immunology at the Sec-
ond Affiliated Hospital of Chongqing 
Medical University was conducted. 
The aim of this analysis was to summa-
rise the clinical characteristics of anti-
MDA5-positive DM-ILD associated 
with SE/ME. By doing so, it is expected 
that the understanding of anti-MDA5-
positive DM will be further enhanced, 
and valuable real-world data for future 
research will be provided.

Methods
From September 2015 to June 2022, a 
total of 117 anti-MDA5-positive DM-
ILD patients and 133 anti-synthetase 
syndrome (ASSD) -ILD patients, with 
complete clinical data, were hospital-
ized at the Second Affiliated Hospital 
of Chongqing Medical University. The 
diagnosis of ASSD-ILD (relevant au-
toantibodies: anti-Jo-1, anti-PL-7, anti-
PL-12, anti-EJ, and anti-OJ antibod-
ies) and anti-MDA5-positive DM-ILD 
were based on the 2004 European Neu-

romuscular Centre (ENMC) classifica-
tion criteria for idiopathic inflammato-
ry myopathies (6). In accordance with 
the Declaration of Helsinki, all patients 
or relatives gave their informed consent 
to participate and agreed to publication 
of their data. This study was approved 
by the Ethics Committee of the Second 
Affiliated Hospital of Chongqing Med-
ical University.
The antisynthetase antibodies, anti-
MDA5 antibodies and anti-Ro-52 an-
tibodies were detected using the OM-
RMUN assay kit (EUROIMMUN, 
Beijing, China). Serum ferritin levels 
were measured using the chemilumi-
nescence method with an Access Fer-
ritin kit (Beckman Coulter, Brea, CA, 
USA, reference range: 11.0–306.8 ng/
ml, upper limit 1500 ng/ml). Chest 
high-resolution computed tomography 
(HRCT) was performed in all patients 
to assess subcutaneous and mediastinal 
emphysema by one experienced radi-
ologist and one experienced respiratory 
physician. All SE/ME patients were 
showed the Macklin sign on the HRCT, 
an air collection adjacent to bronchus 
and pulmonary vessel.
Grouping: 1. The 117 anti-MDA5-
positive DM-ILD patients were divided 
into two groups based on the occur-
rence of SE/ME. They were followed 
up regularly for at least 12 months to 
understand and analyse their prognosis. 
2. The 117 patients were divided into 
two groups based on the presence or 
absence of anti-Ro-52 antibodies to de-
termine the correlation between the an-
tibodies and SE/ME. 3. In addition, the 
patients were divided into three groups 
based on their serum ferritin levels to 
investigate the correlation between in-
flammation and SE/ME.

Statistical analysis
Statistical analyses were conducted 
using SPSS 19.0 (IBM, Armonk, NY, 
USA). Data that were consistent with 
a normal distribution are presented as 
the mean ± standard deviation. The in-
dependent-sample t-test or Fisher’s ex-
act test was employed to compare two 
groups, while multiple comparisons 
were assessed using the Chi-square test. 
Kaplan-Meier survival curves were 
compared using the Log-rank (Mantel-
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Cox) test. Statistical significance was 
defined as p<0.05.

Results
Basic information
The average age of the 133 patients 
diagnosed with ASSD-ILD was 
53.08±7.01 years, and the ratio of males 
to females was 1:1.77. A total of 11 pa-
tients underwent non-invasive ventila-
tion or invasive mechanical ventilation, 
but no instances of subcutaneous and 
mediastinal emphysema were observed 
among ASSD-ILD patients. Addition-
ally, a total of 117 patients diagnosed 
with anti-MDA5-positive DM-ILD 
were included, who had an average 
age of 51.09±13.59 years. The gender 
distribution in this group was 1 male 
to 1.93 females. Among these patients, 
13 individuals developed subcutaneous 
and mediastinal emphysema, resulting 
in an incidence rate of 11.1%, which 
was significantly higher compared to 
the ASSD-ILD group (p<0.01). All pa-
tients received treatment with steroids 
and immunosuppressive agents. In the 
ASSD-ILD group, there was signifi-
cantly higher utilisation of cyclophos-
phamide and methotrexate compared to 
the anti-MDA5-positive DM-ILD group 
(p=0.03 and p<0.01, respectively). Con-
versely, the utilisation of tacrolimus and 
cyclosporine was higher in the anti-
MDA5-positive DM group compared to 
the ASSD-ILD group (p<0.01) (Table I).

Survival analysis of anti-MDA5-
positive DM-ILD patients
The 117 patients diagnosed with anti-
MDA5-positive DM-ILD were divided 
into two distinct groups based on the 
presence or absence of subcutane-
ous and mediastinal emphysema (SE/
ME). Among 104 anti-MDA5-positive 
DM-ILD patients who did not exhibit 
SE/ME, a total of 20 patients (19.2%) 
died, with all fatalities occurring within 
6 months of diagnosis (Blue). On the 
other hand, among 13 anti-MDA5-pos-
itive DM-ILD patients who developed 
SE/ME, seven patients (53.8%) died. It 
is worth noting that within this subset, 
five patients (71.4%) passed away with-
in 1 month following the onset of SE/
ME. Additionally, the remaining two 
patients died at 2 and 4 months, respec-

tively, after the occurrence of SE/ME 
(Red). The mortality rate among anti-
MDA5-positive DM-ILD patients with 
SE/ME was significantly higher than 
those without SE/ME. Kaplan-Meier 
survival curves are presented in Figure 
1A and the Log-rank (Mantel-Cox) test 
showed a statistically significant differ-
ence in survival (p<0.01).

Relationship between 
SE/ME and anti-Ro52 antibodies
The 117 anti-MDA5-positive DM-ILD 
patients were divided into two groups 
based on the presence or absence of an-
ti-Ro-52 antibodies. The results showed 
that among the 86 patients who tested 
positive for anti-Ro-52 antibodies, a to-
tal of 12 patients (14.0%) developed SE/

Table I. General information on133 anti-synthetase syndrome and 117 anti-MDA5-positive 
DM patients.

  Anti-synthetase syndrome  Anti-MDA5-positive DM p-value
 (n=133)  (n=117) 

Male 48  40  0.79
Female 85  77  0.79
Age 53.08 ± 7.01 51.09 ± 13.59 0.14
Steroid pulse 29  (21.8%) 16  (13.7%) 0.10
Prednisolone 133  (100%) 117  (100%) >0.99
IVIG 41  (30.8%) 47  (40.2%) 0.14
Cyclophosphamide 102  (76.7%) 74  (63.2%) 0.03
Mycophenolate mofetil 18  (13.5%) 9  (7.7%) 0.16
Tacrolimus 3  (2.3%) 52  (44.4%) <0.01
Cyclosporine 0  7  (6.0%) <0.01
JAK inhibitor 0  2  (1.7%) 0.22
Methotrexate 57  (42.9%) 9  (7.7%) <0.01
SE/ME 0  13  <0.01

Steroid pulse: methylprednisolone 500 mg daily for 3 days; IVIG: intravenous immunoglobulin; JAK: 
Janus kinase; SE/ME: subcutaneous emphysema and mediastinal emphysema.

Fig. 1. The clinical characteristics of SE/ME in anti-MDA5-positive DM. (A) Survival curves for 
the anti-MDA5-positive DM with SE/ME (red, n=13) and without SE/ME (blue, n=104), (p=0.0022, 
hazard ratio = 0.1215). (B) Relationship between SE/ME and anti-Ro-52 antibodies. In group 1, test 
for anti-Ro-52 antibodies were positive. (n=86). In group 2, test for anti-Ro-52 antibodies were nega-
tive. (n=31). (p=0.18). (C) Relationship between SE/ME and serum ferritin. Group 1: serum ferritin 
<500 ng/ml (n=52), Group 2: 500 ng/ml ≤serum ferritin <1000 ng/ml (n=25), and Group 3: 1000 ng/
ml ≤serum ferritin ≤1500 ng/ml (n=40).
SE/ME +: anti-MDA5-positive DM with subcutaneous emphysema and mediastinal emphysema;      
SE/ME -: anti-MDA5-positive DM without subcutaneous emphysema and mediastinal emphysema.
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ME (Group 1). Among the 31 patients 
who tested negative for anti-Ro-52 anti-
bodies, one (3.2%) experienced SE/ME 
(Group 2). There was no statistically 
significant difference between the two 
groups (p=0.18) (Fig. 1B).

Relationship between 
SE/ME and serum ferritin
The 117 anti-MDA5-positive DM-ILD 
patients were divided into three groups 
based on their serum ferritin levels. In 
Group 1, 52 anti-MDA5-positive DM-
ILD patients with a low serum ferritin 
level (serum ferritin <500 ng/ml), only 
one patient developed SE/ME. Two 
anti-MDA5-positive DM-ILD patients 
developed SE/ME in Group 2 (500 ng/
ml ≤serum ferritin <1000 ng/ml, n=25). 
Group 3 comprised 40 anti-MDA5-
positive DM-ILD patients with high 
level of serum ferritin (1000 ng/ml ≤ 
serum ferritin ≤1500 ng/ml), among 
these individuals, a total of 10 patients 
developed SE/ME. The number of anti-
MDA5-positive DM-ILD patients who 
developed SE/ME in Group 3 was sig-
nificantly higher than that in Group 1 
(p<0.01) (Fig. 1C).

Clinical data of anti-MDA5-positive 
DM-ILD patients with SE/ME
In our analysis of 13 anti-MDA5-posi-
tive DM-ILD patients who experienced 
SE/ME, we found that six (46.2%) 
developed SE/ME within 1 month of 
being diagnosed with anti-MDA5-
positive DM-ILD, indicating a rapid 
progression. We further investigated 
potential factors associated with the 
occurrence of SE/ME in anti-MDA5-
positive DM-ILD patients. Unexpect-
edly, seven patients (53.8%) underwent 
non-invasive ventilation or invasive 
mechanical ventilation before the onset 
of SE/ME, one patient underwent exci-
sion of lung lesions under thoracoscopy 
prior to SE/ME, and four patients expe-
rienced spontaneous SE/ME. With re-
gard to prognosis, 7 patients eventually 
died due to their inability to be weaned 
off the ventilator. Other patients experi-
enced relief through high-flow oxygen 
therapy, and 2 patients had their sub-
cutaneous emphysema evacuated by 
puncturing the skin and manually mo-
bilizing air through the puncture holes. 

The average recovery time was 9.5±5.2 
weeks (Table II).

Discussion
Since the discovery of anti-MDA5 an-
tibodies by Japanese researchers, the 
poor prognosis of anti-MDA5-positive 
DM, often associated with RP-ILD, has 
received increasing clinical attention. 
However, in addition to ILD, subcuta-
neous and mediastinal emphysema as 
complications also pose a significant 
threat to the life and health of anti-
MDA5-positive DM patients. There-
fore, by summarizing and analysing 
the clinical characteristics of SE/ME in 
anti-MDA5-positive DM-ILD patients, 
we aim to deepen our understanding of 
this disease.
Firstly, our single-centre data revealed 
that compared to ASSD-ILD patients, 
anti-MDA5-positive DM-ILD patients 
were more prone to developing SE/
ME, with an incidence rate as high as 
11.1%. This highlights the variability 
of SE/ME among different subtypes 
of inflammatory myopathies. We con-
sider that this is partly associated with 
a higher propensity for diffuse alveo-
lar injury in anti-MDA5-positive DM, 
which is distinct from ASSD. On the 
other hand, it may also be related to dif-
ferent pathophysiological pathways in-
volved in the onset of the disease. Stud-
ies have shown that interferon-I signal-
ling is enhanced in anti-MDA5-positive 
DM, significantly higher than in other 
types of DM (7). But we should point 
out that it is currently unknown wheth-
er there is a correlation between inter-
feron-I signalling and the occurrence 
of SE/ME, further research is needed 
to confirm this view. The differences 
among various subtypes of inflammato-
ry myopathies are also evident in their 
treatment approaches. We observed that 
ASSD-ILD patients tend to use cyclo-
phosphamide and methotrexate more 
frequently, while anti-MDA5-positive 
DM-ILD patients are inclined to use 
tacrolimus and cyclosporine. Bueno et 
al. also explicitly stated that the combi-
nation of glucocorticoids and calcineu-
rin antagonists is the preferred choice 
in anti-MDA5-positive DM (8). There-
fore, based on the above, we would like 
to emphasise that although DM shares 

some common features, such as helio-
trope rash, Gottron sign, V-sign, muscle 
weakness, and ILD, it is crucial for us 
in our clinical practice to identify the 
distinct complications associated with 
different types of DM and adopt spe-
cific treatment strategies accordingly.
The survival curve clearly demonstrat-
ed that the mortality rate of patients 
with anti-MDA5-positive DM-ILD 
who developed SE/ME was signifi-
cantly higher compared to those who 
did not experience SE/ME. In fact, 
a staggering 71.4% of patients died 
within one month of SE/ME occur-
rence. These shocking findings suggest 
a high incidence of SE/ME in anti-
MDA5-positive DM-ILD. SE/ME is a 
complication that cannot be overlooked 
due to its rapid progression and severe 
implications for the prognosis of anti-
MDA5-positive DM-ILD patients.
Our previous research indicated that 
anti-MDA5-positive DM-ILD patients 
who were positive for anti-Ro-52 anti-
bodies were more prone to developing 
RP-ILD (9) and more susceptible to pul-
monary oxidative stress (10). Xu et al. 
also confirmed a higher mortality rate 
among anti-MDA5-positive DM pa-
tients who were positive for anti-Ro-52 
antibodies (11). These findings suggest 
that anti-Ro-52 antibodies play a signif-
icant role in anti-MDA5-positive DM. 
However, the results of this study did 
not demonstrate a statistically signifi-
cant difference in the occurrence of SE/
ME between patients who were positive 
or negative for anti-Ro-52 antibodies. It 
might be related to the small sample size 
of our centre. Nevertheless, it is worth 
noting that of the 13 cases of SE/ME in 
anti-MDA5-positive DM-ILD patients, 
12 cases (92.3%) were positive for anti-
Ro-52 antibodies. Therefore, we should 
pay close attention to patients who are 
positive for both anti-Ro-52 antibodies 
and anti-MDA5 antibodies, and further 
validation will be conducted through 
long-term follow-up.
Elevated serum ferritin is a significant 
characteristic of anti-MDA5-positive 
DM with RP-ILD, often indicating 
more severe pulmonary involvement 
(12). Takahisa et al. (13) even sug-
gested that anti-MDA5-positive DM 
may be a type of macrophage activa-
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tion syndrome primarily affecting the 
lungs. In our study, we grouped 117 
anti-MDA5-positive DM-ILD patients 
based on different levels of serum fer-
ritin and found that the number of pa-
tients with SE/ME was significantly 
higher in the group with serum ferri-

tin levels ranging from 1000 ng/ml to 
1500 ng/ml compared to those with 
serum ferritin levels below 500 ng/ml, 
confirming the close association be-
tween the occurrence of SE/ME and a 
heightened inflammatory state in anti-
MDA5-positive DM-ILD.

However, there is currently no definitive 
research on how the aforementioned 
abnormal serological markers affect the 
occurrence of SE/ME. This prompted 
us to conduct a detailed analysis of 13 
patients with anti-MDA5-positive DM-
ILD accompanied by SE/ME. Interest-

Table II. Clinical information of 13 anti-MDA5-positive DM patients with SE/ME.

No. Sex/age Anti-Ro-52 Serum Stage 1 Potential triggers The duration Positive Treatment Treatment after Stage 2
   antibody ferritin (week)   of assisted  end-expiratory  SE/ME (week)
      ventilation before  pressure
      the development  (cmH2O)
      of SE/ME (day)
          
1 M/46 + 1327.7 8 Spontaneous - - Steroid pulse+PSL High-flow nasal 17
        +IVIG+CYC oxygen 

2 M/58 + 1118.5 29 Excision of lung 2 - Steroid pulse+PSL  High-flow nasal 6
     lesions under    +CYC+MTX oxygen
     thoracoscopy  

3 F/63 + ≥1500 1 Invasive mechanical  2 8 Steroid pulse+PSL Unable to be dead
     ventilation   +CYC+IVIG weaned off the 
         ventilator 

4 M/48 + ≥1500 1 Non-invasive  9 5 - 9 Steroid pulse+PSL Unable to be dead
     ventilation   +IVIG+CYC weaned off the 
         ventilator 

5 M/46 + 879.6 2 Electronic  - - Steroid pulse+PSL High-flow nasal 4
     laryngoscope   +IVIG+CSA+CYC oxygen 

6 M/66 - 135.8 1 Spontaneous - - Steroid pulse+PSL High-flow nasal 5
        +CYC+CSA+IVIG oxygen 

7 M/46 + ≥1500 6 Non-invasive  2 5 PSL+CYC+IVIG Change to 13
     ventilation    high-flow nasal
         oxygen and 
         puncture the skin 
         and manual 
         mobilisation of 
         air through the 
         puncture holes. 

8 M/84 + 834.3 1 Non-invasive  4 5 - 11 PSL+IVIG Unable to be dead
     ventilation    weaned off the 
         ventilator 

9 F/53 + 1138.2 1 Non-invasive  3 5 - 6 PSL+IVIG Unable to be dead
     ventilation    weaned off the 
         ventilator 

10 F/64 + 1105.2 6 Invasive mechanical  5 5 - 6 PSL+IVIG Unable to be dead
     ventilation    weaned off the 
         ventilator 

11 M/57 + ≥1500 5 Invasive mechanical  8 5 - 7 PSL+IVIG Unable to be dead
     ventilation    weaned off the 
         ventilator 

12 F/52 + 1209.1 47 Spontaneous - - PSL+TAC+CYC High-flow nasal  12
         oxygen, puncture 
         the skin and  manual
         mobilisation of air
          through the 
         puncture holes. 

13 F/59 + ≥1500 18 Spontaneous - - PSL+CYC Unable to be  dead
         weaned off the 
         ventilator 

Stage 1: The time from diagnosis to the onset of SE/ME.
Stage 2: The time from the onset of SE/ME to recovery.
Steroid pulse: methylprednisolone 500mg daily for 3 days; PSL: prednisolone 40mg daily; IVIG: intravenous immunoglobulin; CYC: cyclophosphamide; CSA: 
cyclosporine; TAC: tacrolimus.
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ingly, we found that only 4 patients had 
spontaneous SE/ME, while a signifi-
cant 53.8% of patients had undergone 
positive pressure ventilation before the 
onset of SE/ME. Thus, we need to be 
highly vigilant regarding the develop-
ment of subcutaneous and mediastinal 
emphysema caused by mechanical ven-
tilation in anti-MDA5-positive DM-
ILD patients. When diffuse alveolar in-
jury occurs and alveolar rupture ensues, 
air can travel along the bronchovascu-
lar sheath towards the mediastinum or 
along the cervical fascia into the subcu-
taneous tissue, ultimately leading to SE 
and ME. The causes of SE/ME can be 
spontaneous or traumatic, and positive 
pressure ventilation is one of the com-
mon causes.
Currently, extensive research has pro-
vided us with a good understanding of 
the lung manifestations in anti-MDA5-
positive DM. Firstly, lung pathological 
biopsy has revealed widened alveolar 
septa, hyperplasia of interstitial fibrous 
tissue, lymphocyte infiltration (14), and 
strong expression of immunoglobu-
lin and C3 (15), indicating diffuse al-
veolar injury. Second, it is well known 
that non-specific interstitial pneumonia 
(NSIP) and organising pneumonia (OP) 
are the primary histopathological pat-
terns observed in anti-MDA5-positive 
DM-ILD. In the presence of pulmonary 
interstitial lesions, pulmonary com-
pliance is significantly reduced (16). 
Lastly, anti-MDA5-positive DM can 
involve respiratory muscles, ultimately 
leading to respiratory failure (17). All 
these factors are considered important 
causes of subcutaneous and mediastinal 
emphysema caused by positive pres-
sure ventilation.
Since the outbreak of COVID-19, schol-
ars have pointed out the similarities 
between COVID-19 and anti-MDA5-
positive DM, including aspects such as 
RP-ILD, elevated serum ferritin levels, 
decreased lymphocyte count, and more 
(18, 19). Similarly, researchers also ob-
served the occurrence of pneumothorax, 
pneumomediastinum and SE caused by 
positive pressure ventilation in COV-
ID-19 patients with diffuse lung dam-
age (20-22). Therefore, the treatment 
of severe anti-MDA5-positive DM-ILD 
patients poses a serious challenge.

When SE/ME occurs in anti-MDA5-
positive DM-ILD patients, it is nec-
essary to take proactive treatment 
measures. Based on experience at our 
centre, the following approaches are 
recommended: 1) Actively control anti-
MDA5-positive DM-ILD to achieve 
prompt relief or a state of low disease 
activity. 2) Minimise unnecessary inva-
sive procedures such as needle biopsy 
of lung or thoracentesis. 3) Minimise 
the use of mechanical ventilation as 
much as possible, provided high-flow 
oxygen therapy can maintain adequate 
patient oxygenation. 4) For some criti-
cal patients, symptom relief may be 
achieved by puncturing the skin and 
manually mobilising air through the 
puncture holes.
We should also point out the limitations 
of this retrospective study. The explo-
ration of potential mechanisms in this 
study were lacking. Besides, we only 
analysed anti-MDA5-positive DM-ILD 
patients of our single centre design, 
which might limit the generalisability 
of the findings to a certain extent. Final-
ly, we explored the clinical characteris-
tics of SE/ME only in anti-MDA5-posi-
tive DM, which may not well reflect the 
characteristic of SE/ME in other types 
of inflammatory myopathies.
In conclusion, this study examined the 
clinical characteristics of subcutaneous 
and mediastinal emphysema in anti-
MDA5-positive DM-ILD, deepening 
our understanding of the disease. Fur-
thermore, the study provides relevant 
information for future clinical practice 
and serves as a reliable basis for further 
research.
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