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Interstitial lung disease (ILD) is a life-threating complication, commonly associated with

polymyositis (PM), and dermatomyositis (DM). A subset of acute ILD associated with

PM/DM patients are refractory to conventional treatment, and leads to a high rate of

mortality. The efficacy of therapeutic plasma-exchange (TPE) as a PM/DM treatment

to improve muscle involvement is controversial due to a lack of evidence. However,

in recent reports, TPE has been effective in improving lung involvement. To evaluate

the efficacy of this therapy, we retrospectively studied TPE treatment outcomes for

in 18 acute PM/DM-ILD patients who were resistant to conventional therapies. Five

patients were diagnosed with DM (27.8%), 11 with CADM (61.1%), and two with

PM (11.1%). Among 18 patients, 11 (61.1%) achieved satisfactory improvement after

four or more rounds of TPE, whereas seven died due to respiratory failure. We also

analyzed risk factors to predict unresponsiveness to TPE in these patients. Notably,

the prevalence of subcutaneous/mediastinal emphysema was significantly higher in

the non-responsive group (6/7, 85.7%) than in the responsive group (2/11, 18.2%;

P = 0.013); moreover, patients with this complication were mainly in the CADM

subgroup (6/8, 75%). Subcutaneous/mediastinal emphysema and increased serum

ferritin levels were shown to be poor prognostic factors, predictive of unresponsiveness

to TPE, in PM/DM patients. No autoantibodies were found to be associated with

TPE outcome, although we only investigated anti-Jo-1 and anti-Ro antibodies; the

clinical significance of other myositis-specific autoantibodies, especially anti-melanoma

differentiation-associated gene 5 (MDA5) antibody, is not known. Our results indicate

that TPE might be an alternative treatment for acute PM/DM-ILD patients resistant to

conventional therapies, except for those with subcutaneous/mediastinal emphysema

and high serum ferritin levels.
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INTRODUCTION

Idiopathic inflammatory myopathy (IIM) is a group of
heterogeneous inflammatory muscle disorders, which includes
subacute, chronic, and acute IIM. IIM is characterized by low
muscle strength and endurance, as well as inflammatory cell
infiltration into the skeletal muscles (1). Based on distinct clinical
features, IIM can be subdivided into dermatomyositis (DM),
polymyositis (PM), and inclusion bodymyositis (IBM). Clinically
amyopathic dermatomyositis (CADM) is also defined in recent
years and classified as a subgroup of DM. DM and PM are
the most common forms of IIM and are also life-threating in
rheumatic diseases. Besides the muscle and skin, other vital
organs such as the lung and heart can also be involved in PM/DM,
and complications in these organs contribute to the high rate
of mortality associated with these conditions. Interstitial lung
disease (ILD) is one of the most common and life-threating
complications of PM/DM, with a prevalence up to 86% (2–
6). The survival rate of patients with PM/DM-ILD is 56.7%
during the first year, and even lower in those with acute ILD (7).
Further, patients with rapidly progressive ILD are often resistant
to high-dose glucocorticoids and immunosuppressive agents (8),
thereby resulting in acute fatal respiratory failure with a 6-
months survival rate of 40.8–45.0% (9, 10). The lack of effective
treatment strategies for PM/DM-ILD patients who are resistant
to glucocorticoids and immunosuppressive agents is the main
contributor to high mortality rates.

Therapeutic plasma exchange (TPE) is a blood purification
method that removes circulating cytokines, immune complexes,
immunoglobulins, and complement components. Since the
1980s, it has been used to manage autoimmune diseases (11).
However, the efficiency of TPE as a treatment for IIM remains
controversial, due to a lack of evidence regarding its significant
effects on improvingmuscle involvement (12–15). TPE is still not
considered a standard treatment procedure for IIM. However,
in recent years, it has shown promise. A patient with acute ILD
associated with PM/DM was successfully treated and several case
studies reported significant improvements in lung involvement
after TPE treatment (16–20). Although evidence for TPE efficacy
in PM/DM-ILD is limited, its potential as an effective treatment
strategy for this disease is worth exploring, especially for patients
who are resistant to glucocorticoids, and immunosuppressive
agents. For a better understanding of the benefits of this
treatment, we retrospectively studied the efficacy of this therapy
based on 18 patients with acute PM/DM-ILD who were resistant
to conventional therapies and specifically focused on the clinical
characteristics of those who benefited from TPE.

METHODS

Subjects
In this study, patients who were diagnosed with PM/DM-ILD
resistant to conventional therapies and treated with TPE from
January 2011 to May 2018 at the First Affiliated Hospital of
Xiamen University were included. The conventional therapies
included glucocorticoids and immunosuppressive agents. A total
of 18 patients met the following inclusion criteria: (1) patients

admitted into the intensive care unit (ICU) for ILD aggravation
after failure of intensive treatment; (2) patients treated with TPE
for more than four rounds. Patients with malignancy-associated
disease, inclusion body myositis, and overlapping cases were
excluded. The diagnosis of PM/DM was based on the Bohan and
Peter diagnostic criteria, and diagnosis of clinically amyopathic
dermatomyositis (CADM) was based on the diagnostic criteria
of the European Neuromuscular Center international workshop
(21), and the diagnosis of CADM, as a subtype of DM
characterized by typical skin manifestations with little or no
myositis, was based on the diagnostic criteria of the European
Neuromuscular Center international workshop (22). CADM
included both amyopathic dermatomyositis and hypomyopathic
dermatomyositis. Amyopathic dermatomyositis is characterized
by heliotrope rash, Gottron’s papules, or Gottron’s sign, and with
normal creatine kinase (CK) and muscle biopsy results and no
muscle weakness. Hypomyopathic dermatomyositis bears similar
characteristic skin findings mentioned with no clinical evidence
of muscle disease but mild changes in CK, magnetic resonance
imaging (MRI), EMG, or muscle biopsy. Patients classified
as having premyopathic dermatomyositis for whom fatal ILD
developed within the first 6 months of their disease course were
also included as CADM. All patients underwent muscle biopsies
in the quadriceps. A chest high-resolution computed tomography
(HRCT) was performed on each patient. ILD was diagnosed
using HRCT imaging with the following qualitative criteria:
signs of ground glass opacities, reticular abnormalities, traction
bronchiectasis, irregular linear opacities, subpleural curvilinear
shadows, and honeycombing. This retrospective study was
approved by the Ethics Committee of the First Affiliated Hospital
of Xiamen University, in accordance with the World Medical
Association Declaration of Helsinki. Informed consent was
obtained from either the patient or their authorized relative.

Data Collection
The electronic medical record of each patient was retrospectively
reviewed. The following data were collected: information of
patients’ characteristics, such as age, sex, and disease course
of PM/DM; clinical symptoms including IIM-related and
pulmonary symptoms; occurrence of subcutaneous/mediastinal
emphysema; Acute Physiology and Chronic Health Evaluation
(APACHE) II score (23) during the first 24 h after admission to
the ICU; type of immunosuppressive therapy administered; use
of ventilator assistance; laboratory findings.

TPE Procedures
TPE procedures were performed every day for 3 days, and every
other day after that, using the AQUARIUS multifiltrate
machine (Edwards Lifesciences AG, Irvine, CA, USA).
Intravenous methylprednisolone (40–80 mg/days) and oral
immunosuppressive agents were administered as a combined
maintenance therapy. For vascular access, a double coaxial lumen
14-Fr catheter was inserted percutaneously, either through the
right or left femoral vein, using the Seldinger technique. The
blood flow rate was 80 mL/min for TPE. Plasma (40–60mL
plasma/kg) was exchanged for the same volume of normal fresh
frozen plasma each time. The duration of TPE was 3–4 h. The
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procedures were performed by trained nurses and supervised by
senior physicians at the ICU. Treatment was suspended when a
significant improvement in CT or death occurred.

Statistical Analysis
All statistical calculations were conducted using SPSS 23.0
software. Data are presented as the mean ± standard error of
mean (SEM), or median (range) for continuous variables, and
numbers (percentages) for qualitative variables. For comparisons
between two groups, the chi-squared, or Fisher’s exact tests
were used for binary data and the Student’s t- or Mann-
Whitney U-tests were used for continuous data. Results of
the logistic regression models are shown as the odds ratio
(OR) and 95% confidence interval (CI). A p < 0.05 indicated
statistical significance.

RESULTS

Efficacy of TPE for Acute PM/DM-ILD
Patients Resistant to Conventional
Therapies
This retrospective study included 18 patients who received TPE
for the aggravation of ILD after treatment with a combination
of high-dose glucocorticoids, cyclophosphamide, a calcineurin
inhibitor, or intravenous immunoglobulin G. Five patients were
diagnosed with DM (27.8%), 11 with CADM (61.1%), and
two with PM (11.1%). The main respiratory symptom was
dyspnea on exertion. Fine crackles were also observed in these
patients. Although seven patients (38.9%) died from respiratory
failure after TPE, the other 11 patients (61.1%) showed great
improvement in lung involvement, reduced HRCT scores (24,
25), and their conditions were not life-threatening after treatment
(Figure 1). These data suggested that TPEmight be an alternative
treatment strategy for acute PM/DM-ILD patients resistant to
conventional therapies.

Clinical Characteristics of PM/DM-ILD
Patients Responsive to TPE
We analyzed the characteristics and clinical profiles of the
PM/DM-ILD patients whose conditions were improved by TPE.
We divided PM/DM-ILD patients into responsive (n = 11) and
non-responsive (n = 7) groups. Responsiveness was defined
as improved or controlled lung involvement and rescue from
life-threating complications, whereas non-responsiveness was
defined as aggressive lung involvement and death. The clinical
characteristics of the patients are summarized in Table 1.

No significant differences were observed between the
responsive and non-responsive groups in terms of other clinical
parameters such as age, types of IIM, and disease duration
(Table 1). In the two groups, the most common IIM type was
CADM (54.5 and 71.4%, respectively). Skin lesions were observed
in nine cases in the responsive group (81.8%) and six in the
non-responsive group (85.7%), including skin ulceration (three
and three, respectively), palmar papules (four and three), oral
erosions (one and zero), heliotrope rash (four and two), and
Gottron papules (six and five). Skin ulceration, palmar papules,

and oral erosions are unique cutaneous phenotypes associated
with the anti-melanoma differentiation associated protein 5
(MDA5) antibody (26); regarding these rashes, there were no
significant differences between the two groups.

Notably, six patients (five CADM and one DM) of seven
patients in the non-responsive group suffered from mediastinal
emphysema; only two (one CADM and one DM) of 11 patients
in the responsive-group had this complication. Patients with SP
were mainly in the CADM subgroup (6/8, 75%). Three cases in
the non-responsive group had SP concomitant subcutaneous
emphysema. The prevalence of subcutaneous/mediastinal
emphysema was significantly higher in the non-responsive group
(85.7%) than in the responsive group (18.2%), suggesting that
subcutaneous/mediastinal emphysema might be a treatment
response predictor for TPE.

Laboratory Characteristics of PM/DM-ILD
Patients Responsive to TPE
Laboratory findings of PM/DM-ILD patients receiving TPE are
shown inTable 2. Antinuclear antibodies (≥1: 100) were detected
in three patients (16.7%). The myositis-specific autoantibody,
anti-Jo-1, was present in only one patient (5.6%). Regarding
myositis-associated autoantibodies, anti-SSA/Ro antibodies were
identified in 12 patients (66.7%). In four patients (22.2%),
no antibodies were detected. The CD4+/CD8+ T ratio was
significantly higher in the responsive group than in the non-
responsive group (p = 0.049), implying that TPE might
have exerted little effects on PM/DM-ILD patients whose
pathogeneses were mainly attributed to CD8+ T cells. Levels of
C-reactive protein and serum ferritin were significantly lower
in the responsive group than in the non-responsive group (p =

0.031 and p = 0.002, respectively). Besides the three mentioned
parameters, no other significant differences between the groups
were identified.

HRCT Findings in PM/DM-ILD Patients
Responsive to TPE
HRCT imaging characteristics of all patients are shown in
Table 3. Ground glass opacities, irregular linear opacities, and
consolidation were the main image findings in these patients.
No significant differences in HRCT features of PM/DM-ILD
were observed between the responsive and non-responsive
groups. The condition of most patients was too serious for
them to undergo pulmonary function tests. Figure 1 shows
improvements in the CT scores of survivors before and after
TPE treatment (2.414± 0.1379 and 1.073± 0.1236, respectively,
p < 0.0001).

Risk Factors to Predict TPE Efficiency
We next evaluated the risk factors that could predict the
unresponsiveness of PM/DM-ILD patients to TPE treatment.
The results of univariate analysis revealed that four parameters,
namely subcutaneous/mediastinal emphysema, CD4+/8+
ratio, and CRP and serum ferritin levels, were significantly
different between the responsive and non-responsive groups.
A multivariable logistic model was then established to predict
the risk factors related to patient unresponsiveness to TPE
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FIGURE 1 | Effect of therapeutic plasma exchange (TPE) on polymyositis (PM) and dermatomyositis interstitial lung disease (PM/DM-ILD) improvement. (A)

Representative CT images of the lung before and after TPE. Lung CT scans of one patient before and after TPE. Interstitial opacities with multifocal ground glass

opacities and consolidations (left panel). Follow-up CT scan indicating the frank regression of interstitial pneumonia (right panel). (B) CT score before and after TPE

treatment in the responsive group (n = 11), ****p < 0.0001.

(Table 4). The results of logistic regression analyses showed that
subcutaneous/mediastinal emphysema and serum ferritin levels
were significantly associated with this in acute PM/DM-ILD
patients who were resistant to conventional therapies. CRP levels
and the CD4+/8+ ratio were found to be risk factors for death.

DISCUSSION

ILD is very common in PM/DM patients and can cause life-
threatening complications even after standard treatments. A
large proportion of patients with acute PM/DM-ILD show no
response to conventional therapies including glucocorticoids
and immunosuppressive agents, leading to uncontrolled and
aggressive lung involvement and finally death due to respiratory
failure. This is the first and largest retrospective study to
analyze the efficacy of TPE therapy for acute PM/DM-ILD
patients who were resistant to conventional therapies and to
evaluate the risk factors that can predict unresponsiveness to this
treatment. Our study showed that TPE might be an alternative
treatment for acute PM/DM-ILD patients who are resistant to
conventional therapies.

TPE was initially developed to treat liver failure and
immune diseases. The use of TPE against PM/DM has been
controversial for years. The American Society for Apheresis’
indication category for TPE use in PM/DM was IV in the
latest 2016 Therapeutic Apheresis guideline (27). To date, this
recommendation is based on the results of a unique randomized
controlled trial comprising 39 PM/DM patients by Miller et al.
(12). In that study, there was no significant difference in
final muscle strength or functional capacity following plasma
exchange, leukapheresis, or sham apheresis. No concomitant
immunosuppressants except glucocorticoids were administered
to all patients. In 1981, Dau, in an uncontrolled trial, treated
35 inflammatory myopathy patients with TPE combined with
immunosuppressants (cyclophosphamide or chlorambucil), and
found improvement in muscle strength without significant side
effects in 32 of them (13). Other retrospective multicenter
studies have also demonstrated the efficiency of TPE in PM/DM.

Herson examined 38 PM/DM patients who were treated with
TPE as a rescue therapy when conventional treatment failed,
and observed improvements in muscle strength in 24 (63%)
patients (14). Cherin investigated 27 patients who suffered
from severe pharyngeal muscle weakness and were resistant to
conventional therapy; eight (30%) reported the disappearance of
symptoms, whereas the other 19 (70%) reported the stabilization
of dysphagia after receiving TPE (15). Some case reports have also
showed that TPE in association with immunosuppressant agents
could play a relevant role in severe pharyngo-esophageal muscle
weakness (28).

The effects of TPE on acute respiratory failure during ILD
have not been fully established. In 2015, Omotoso published a
report in which TPE was found to be beneficial for the treatment
of a patient with ILD-associated antisynthetase syndrome who
was refractory to glucocorticoids and other immunosuppressive
therapeutics (17). Bozkirli also reported a case of antisynthetase
syndrome with ILD who benefited from double-filtration
plasmapheresis (16). The therapeutic effects of TPE also
include the removal of pathological substances from the blood,
such as autoantibodies, cytokines, complement components,
and paraproteins. Further, other possible mechanisms include
alterations to lymphocyte proliferation, the immune system,
and cell sensitivity to immunosuppressants or chemotherapeutic
agents (29–31). Although more data are necessary, TPE might be
an immediate treatment option for acute PM/DM-ILD patients
who are resistant to conventional therapies. Moreover, because
TPE substitutes fresh frozen plasma components such as anti-
idiotypic antibodies and immunoglobulins, which target host
antigens, this therapy might provide additional therapeutic
benefits (29). Clearly, TPE is only a short-term solution,
because immune cells that secrete antibodies, complement
components, and cytokines will continue to function in
response to repeated antigenic stimulation after TPE. Moreover,
the transient effects of TPE require additional long-term
immunosuppression treatment. Another disadvantage of this
therapy is risks associated with the use of blood products,
including sexually transmitted diseases. Despite these drawbacks,
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TABLE 1 | Comparison of clinical characteristics between PM/DM-ILD patients who were responsive and non-responsive to TPE.

Variables Responsive group (n = 11) Non-responsive group (n = 7) P-value

Sex, male/female, n (%) 3/8 (27.3/72.7) 3/4 (42.9/57.1) 0.627

Age, years, mean ± SEM 55.70 ± 11.08 52.71 ± 11.46 0.540

DISEASE DURATION, WEEKS, MEDIAN (RANGE)

at ILD diagnosis 3.0 (1–4) 3.2 (1.57–5.71) 0.328

at PM/DM/CADM diagnosis 13 (2.43–96) 6.86 (4–528) 0.536

IIM TYPE, n (%)

PM/DM 2/3 (18.2/27.3) 0/2 (0/28.6) 0.952

CADM 6 (54.5) 5 (71.4) 0.637

CLINICAL SYMPTOM, n (%)

Arthritis/arthralgia 4 (36.4) 1 (14.3) 0.596

Skin rash 9 (81.8) 6 (85.7) 1.000

Fever 3 (27.3) 2 (28.6) 1.000

Cough 4 (36.4) 3 (42.9) 1.000

Dyspnea on exertion 9 (81.8) 6 (85.7) 1.000

Dysphagia 3 (27.3) 1 (14.3) 1.000

Muscle weakness/myalgia 5 (45.5) 1 (14.3) 0.316

Subcutaneous/mediastinal emphysema n (%) 2 (18.2)* 6 (85.7) 0.013

APACHE II Score, median (range) 17 (11–24) 18.5 (15–31) 0.126

P/F ratio 218.8 ± 13.38 173.3 ± 21.38 0.074

THERAPY, n (%)

High-dose steroids 11 (100) 7 (100) NA

Cyclosporine A 8 (72.7) 5 (71.4) 1.000

Cyclophosphamide 6 (54.5) 2 (28.6) 0.367

Intravenous immunoglobulin G 6 (54.5) 5 (71.4) 0.637

Hydroxychloroquine 1 (9.1) 1 (14.3) 1.000

Methotrexate 1 (9.1) 0 0.611

Thalidomide 2 (18.2) 0 0.137

Total dosage of MP before TPE, mg (mean ± SEM) 460.9 ± 49.88 341.4 ± 61.81 0.153

Duration of MP use before TPE, days (mean ± SEM) 6.6 ± 0.3 6.4 ± 0.4 0.676

PLASMA EXCHANGE

Times, median (range) 5 (4–24) 6 (4–10) 0.724

Plasma amount, mL, median (range) 3,000 (2,500–3,000) 3,000 (2,500–3,000) 0.724

Use of ventilator, n (%) 4 (36.4) 6 (85.7) 0.066

ILD, Interstitial lung disease; PM, polymyositis; DM, dermatomyositis; CADM, clinically amyopathic dermatomyositis; IIM, idiopathic inflammatory myopathy; SEM, standard error of

mean; TPE, therapeutic plasma-exchange; APACHE II, Acute Physiology and Chronic Health Evaluation; MP, methylprednisolone; P/F, arterial partial pressure of oxygen /fraction of

inspired oxygen. *p < 0.05.

no plasma-related adverse events were observed in patients after
short-term treatment in the current study.

In the present study, a multivariable logistic model showed
that subcutaneous/mediastinal emphysema and serum ferritin
levels were significantly associated with unresponsiveness to TPE.
A previous study showed that serum ferritin level is the most
significant prognostic factor for PM/DM (32). Moreover, serum
ferritin was found to predict the disease severity and prognosis
for anti-MDA5 antibody-associated ILD with DM; a serum
ferritin concentration cut-off value of 1,600 µg/L was suggested
to be the best indicator of survival in this subgroup (33). In the
present study, the average ferritin level in the unresponsiveness
group was 1518.6 µg/L, almost equal to that value. However, the
lack of an anti-MDA5 antibody test did not allow us to conclude
whether patients in the unresponsiveness group had anti-MDA5

antibody-associated ILD. In addition, PM/DM-ILD patients with
hyperferritinemia might be unresponsive to TPE when resistant
to conventional therapies.

Subcutaneous/mediastinal emphysema was found to be
another potential prognostic factor associated with TPE outcome
in our study. DM/PM patients are mostly predisposed to develop
spontaneous pneumomediastinum with a prevalence ranging
from 2.2 to 8.6% (10, 34–36). Spontaneous pneumomediastinum
can be fatal if unrecognized and can lead to death within 2
months in approximately 25% of patients (34, 35); further, it is
more prevalent in patients with CADM (34). In this retrospective
study, six patients with spontaneous pneumomediastinum (6/8,
75%) were diagnosed with CADM. CADM patients should
be carefully screened for spontaneous pneumomediastinum
since the latter is a prognostic factor. A previous study also
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TABLE 2 | Comparison of laboratory characteristics between responsive and non-responsive groups of PM/DM-ILD patients.

Clinical parameters Responsive group (n = 11) Non-responsive group (n = 7) P-value

Lymphocytes, ×109/L, median (range) 0.69 (0.38–9.50) 0.60 (0.12–1.16) 0.285

CD4+/8+ T ratio, mean ± SEM 2.01 ± 0.58* 1.29 ± 0.87 0.049

Platelet count, ×109/L, mean ± SEM 224.819 ± 85.427 203.571 ± 91.874 0.894

Erythrocyte sedimentation rate, mm/h, median (range) 29 (2–105) 30 (1–64) 0.660

C-reactive protein, mg/L, mean ± SEM 6.506 ± 5.056* 15.281 ± 8.170 0.031

Serum ferritin, µg/L, median (range) 414.6 (78.1–3659.4)* 1518.6 (984.2–3819.2) 0.002

IL-6, pg/mL, median (range) 3.58 (0.07–35.50) 19.77 (5.99–832) 0.247

Procalcitonin (PCT), ng/mL, median (range) 0.710 (0.037–0.655) 0.125 (0.036–7.520) 0.151

Serum albumin (ALB), mg/L, mean ± SEM 31.960 ± 3.289 32.486 ± 3.023 0.204

Alanine aminotransferase (ALT), IU/L, median (range) 99 (20–142) 60 (26–439) 0.659

Aspartate aminotransferase (AST), IU/L, median (range) 64 (20–100.5) 60 (24–467) 0.860

Creatine kinase, IU/L, median (range) 80 (10–3,794) 83 (46–770) 0.930

Lactate dehydrogenase (LDH), IU/L, median (range) 412 (58–1,337) 491 (312–2,032) 0.375

Creatine, IU/L, mean ± SEM 54.82 ± 21.10 107.14 ± 128.4 0.325

Positive antinuclear antibody, n (%) 3(27.3) 0 0.245

Positive anti-Jo-1 antibody, n (%) 1(9.1) 0 0.611

Anti-SSA antibody, positivity, n (%) 7 (63.5) 5 (71.4) 1.000

Anti Ro-52 antibody, n (%) 7 (63.5) 4 (57.1) 1.000

Immunoglobulin A, mg/dL, median (range) 1.78 (1.39–3.55) 1.91 (0.72–3.65) 1.000

Immunoglobulin M, mg/dL, median (range) 1.45 (0.765–2.05) 1.100 (0.245–8.900) 0.425

Immunoglobulin G, mg/dL, mean ± SEM 14.84 ± 5.97 8.75 ± 6.15 0.894

*p < 0.05. SEM, standard error of mean; ILD, interstitial lung disease; PM, polymyositis; DM, dermatomyositis.

TABLE 3 | Comparison of HRCT findings between responsive and

non-responsive groups of PM/DM-ILD patients.

CT findings Responsive

group (n = 11)

Non-responsive

group (n = 7)

P-value

Consolidation, n (%) 9 (81.8) 6 (85.7) 1.000

Ground glass opacities, n (%) 5 (45.5) 5 (71.4) 0.367

Irregular linear opacities, n (%) 8 (72.7) 5 (71.4) 1.000

Traction bronchiectasis, n (%) 0 2 (28.6) 0.137

Honeycombing, n (%) 1 (9.1) 1 (14.3) 1.000

Subpleural curvilinear

shadows, n (%)

0 1 (14.3) 0.389

ILD, interstitial lung disease; PM, polymyositis; DM, dermatomyositis; HRCT, high-

resolution computed tomography.

demonstrated that anti-MDA5 antibodies are associated
with spontaneous pneumomediastinum (35). Spontaneous
pneumomediastinum increases the risk of death in DM patients
with anti-MDA5 antibody-associated ILD (37). These findings
again indicate that anti-MDA5 antibodies might be associated
with TPE outcome. However, anti-MDA5 and other myositis-
specific autoantibodies were not investigated in the present
study. In the responsive group, two patients suffered from
spontaneous pneumomediastinum and one patient died due
to respiratory failure several months after discharge from the
hospital. Taken together, these results suggest that spontaneous
pneumomediastinum is a poor prognostic factor for TPE and

TABLE 4 | Adjusted odds ratios (ORs) with associated 95% confidence interval

(95%CI) for death.

Variables Death

OR 95%CI P-value

CD4+/8+ T cell ratio 0.188 0.030–1.164 0.072

C-reactive protein (mg/L) 1.351 0.972–1.878 0.073

Subcutaneous/mediastinal emphysema 15.185 1.233–186.983 0.034*

Serum ferritin (µg/L)
†

5.683 1.110–29.101 0.037*

*p < 0.05. Model was adjusted for sex and age.
†
OR and 95% CI are expressed by standard deviation increases in serum ferritin.

that patients who suffer from this could comprise a population
that should be excluded from TPE treatment.

There are some limitations to the present retrospective study.
The high cost of TPE imposed restrictions on its application,
thus limiting the size of our patient sample size. Further, the
lack of data on most myositis-specific antibodies, and especially
anti-MDA5 antibody testing, in these patients did not allow us
to conclude whether the anti-MDA5 antibody was a predictive
factor of TPE outcome. It was reported that forced vital capacity
is a poor predictive factor for survival with ILD (38). In this
retrospective study, pulmonary function tests including carbon
monoxide-diffusing capacity were unavailable due to the patients’
severe disease states. Moreover, measurements of Krebs von den
Lungen-6 levels were not performed; therefore, the severity of
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ILD could not be assessed. Those limitations resulted in these
important parameters being excluded from predictive evaluation.

In conclusion, this retrospective study shows promise
regarding the use of TPE in addition to glucocorticoids
and immunosuppressants for early-stage PM/DM-ILD. Further,
subcutaneous/mediastinal emphysema and serum ferritin levels
might serve as poor prognostic factors of responsiveness to TPE.
More controlled trials and long-term observations are required
in the future.
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