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Abstract
Background: The etiologies of acute respiratory failure (ARF) in critically ill rheumatology patients remain
unknown. We aimed to describe the clinical features, etiologies and outcomes of adult patients with
systemic rheumatic diseases (SRDs) who were admitted to intensive care unit (ICU).

Methods: We performed a retrospective study of all SRD patients with ARF who were admitted to a
medical ICU between 2014 and 2018. We collected data on demographics, clinical characteristics,
reasons for ICU admission and outcomes. Etiologies of ARF were classi�ed as infection, SRD
exacerbation, and undetermined. Independent predictors of ICU mortality were identi�ed with multivariate
logistic regression analysis.

Results: A total of 259 patients admitted to ICU due to ARF were included in �nal analysis. Systemic
lupus erythematosus, dermatomyositis/polymyositis (DM/PM), vasculitis and rheumatoid arthritis were
the most common SRDs (78% of patients). Etiologies of ARF included infection (n = 209, 80.7%), SRD
exacerbation (n = 71, 27.4%), and undetermined (n = 21, 8.1%). The most common pathogen was
Pneumocystis jirovecii (39.8%), followed by Aspergillus spp. (33.2%), and cytomegalovirus (23.2%). One
hundred and �fty-�ve patients (59.8%) died during ICU. Higher acute physiology and chronic health
evaluation II score (odds ratio [OR] 1.118, 95% con�dence interval [CI] 1.054 to 1.186, p < 0.001) and
PaO2/FiO2 < 100 mmHg (OR 3.918, 95% CI 2.199 to 6.892, p < 0.001), DM/PM (OR 4.898, 95% CI 1.949 to
12.309, p = 0.001), vasculitis (OR 3.007, 95% CI 1.237 to 7.309, p = 0.015) and Pneumocystis pneumonia
(OR 2.345, 95% CI 1.168 to 4.705, p = 0.016) were independent predictors of ICU mortality.

Conclusions: Opportunistic infections and SRD exacerbation were the most common etiologies of ARF in
patients with SRDs requiring ICU admission, with high ICU mortality. Development of a standard protocol
for differential diagnosis in this group of immunocompromised patients might help initiate de�nitive
therapy and improve clinical outcome.

Keywords: Infection, Systemic rheumatic disease, Acute respiratory failure, Etiology

Background
Despite different immunological mechanisms and clinical manifestations, rheumatology patients are
often characterized by chronic in�ammation, multiorgan involvement, and acute exacerbation (�are-up)
[1, 2]. Among all hospitalized rheumatology patients, up to one third need admission to intensive care unit
(ICU) [1] while mortality rates are highly variable (from 16–80%), depending on underlying systemic
rheumatic diseases (SRDs), reasons of ICU admission, severity of acute illness, and organ
involvement/dysfunction [3–12].

Acute respiratory failure (ARF) is the leading cause of morbidity and mortality in rheumatology patients
who require admission to ICU [1, 2]. This may be related to the fact that respiratory system is the most
commonly affected system by SRDs, including airway, lung parenchyma, alveolar capillaries, lung
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vessels, pleura, or ventilatory muscles [1, 2]. As a result, etiologies of ARF may include acute exacerbation
of pre-existing manifestations of SRDs (e.g. interstitial lung disease [ILD]), pulmonary and/or
extrapulmonary infections, pulmonary complications secondary to other organ dysfunction (e.g. acute
pulmonary edema due to myocarditis or pericarditis), and drug-related pulmonary toxicity [2]. The broad
spectrum of the etiologies of ARF among rheumatology patients very often, if not always, necessitate
comprehensive diagnostic investigation as well as speci�c therapeutic approach.

Both multicenter [3] and single-center [4–12] studies have been performed among rheumatology patients
admitted to the ICU during the past two decades, reporting characteristics and clinical outcome in
patients with all forms [3–10] or a speci�c form of SRDs [11, 12]. However, only one study focused on
rheumatology patients admitted to ICU due to ARF [7]. In addition, although some studies have identi�ed
important prognostic factors in multivariate regression analysis, most did not include laboratory tests [3,
5, 7, 8, 11], such as CD4+ T-lymphocyte or lymphocyte count, which is an independent risk factor for
mortality [12].

Therefore, we performed this retrospective single-center study to describe clinical characteristics,
etiologies, laboratory �ndings, and outcomes of all rheumatology patients with ARF requiring ICU
admission in our institution.

Methods
Patients

We conducted a retrospective cohort study in Medical ICU at Peking Union Medical College Hospital
(PUMCH) from January 2014 to December 2018. This study was approved by the institutional review
board. Given the retrospective design, informed consent was waived.

Eligible patients were aged 18 years or older, with a diagnosis of any kind of SRDs [13], and admitted to
ICU due to ARF, de�ned as PaO2/FiO2 ratio < 300 mmHg [14]. Exclusion criteria were ICU length of stay
(LOS) < 2 days (i.e. insu�cient data for diagnostics), newly diagnosed SRDs during ICU stay, and organ-
speci�c autoimmune diseases.

Data Collection

For all enrolled patients, we extracted demographic and clinical data from medical records, including age,
sex, comorbidities, and SRDs (Additional �le 1: Table S1). Severity of illness was assessed by Acute
Physiology and Chronic Health Evaluation (APACHE) II and Sequential Organ Failure Assessment (SOFA)
score on ICU admission [15, 16]. We also collected data of laboratory tests (including microbiological
investigation), de�nitive treatment for SRDs (pulse steroids, intravenous immunoglobulin, and therapeutic
plasma exchange), life-sustaining therapies, complications, and clinical outcomes (Additional �le 1: Table
S1).
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Etiologies of ARF

Three senior physicians, including one rheumatologist (Zhao JL) and two intensivists (Shi Y and Peng
JM), independently reviewed medical records for each patient. As previously reported, we had developed
a standard procedure in our institution for microbiological investigation in rheumatology patients with
suspected pneumonia, including stain, culture, antigen detection, serology, and nucleic acid ampli�cation,
as appropriate [17]. An update of the standard procedure was provided in the supplemental material
(Additional �le 1: Table S2). Based on results of microbiological investigation, and other relevant
information (e.g. radiographic studies, treatment response), etiologies of ARF were classi�ed as infection,
SRD exacerbation, and undetermined. Any disagreement was resolved by in-depth discussion and
consensus.

De�nitions

SRD-related chronic organ involvement included renal, hematological, and neurological involvement, as
well as connective tissue disease-associated interstitial lung disease (CTD-ILD). Renal involvement
de�ned as urinary excretion of more than 500 mg protein/24 hours, cellular casts not attributable to
infection, or abnormal histology on renal biopsy [11]. Hematological involvement was de�ned as
hemolytic anemia or leucopenia (< 4 × 109/L), lymphopenia (< 1.5 × 109/L), or thrombocytopenia (< 100 × 
109/L) in the absence of offending drugs [11]. Neurological involvement included coma (i.e., Glasgow
Coma Score < 9), altered mental status, seizures, or motor paralysis [3]. CTD-ILD was de�ned according to
British Thoracic Society guidelines after exclusion of alternative causes (i.e., infection, medication,
pulmonary edema) [18]. Multidrug resistant bacteria were those resistant to one or more therapeutic
classes of antimicrobial agents [19].
Statistical Analysis

Continuous variables were presented as means and standard deviation (SD) for normally distributed
data, and medians and interquartile range (IQR) for all other data, whereas categorical variables were
presented as number (percentage). Continuous variables were compared with the use of the Student’s t
test or Mann-Whitney test, while categorical variables were compared using chi-square test or Fisher's
exact test.

For determination of independent predictors for ICU mortality, i.e. the primary endpoint of this study, odds
ratio (OR) was estimated on the basis of multivariate logistic regression analysis using stepwise
conditional forward entry. In addition, two separate multivariate regression models were constructed for
the prediction of pneumonia or SRD exacerbation as etiology of ARF. In all above multivariate regression
analyses, variables such as demographics, comorbidities, severity of illness, and laboratory tests were
entered into the model if p < 0.1 in univariate analysis. Because of the presence of considerable
collinearity between lymphocyte count and CD4+ T-lymphocyte count, only the latter was introduced in the
multivariate models. In addition, etiologies of ARF (infection, and SRD exacerbation) were forced into the
ICU-mortality prediction model in order to examine the effect on patient outcome. Model discrimination
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Results
Patient Enrolment and Characteristics

There were 327 rheumatology patients admitted to ICU due to ARF during the study period. After
exclusion of patients with ICU LOS < 2 days (n = 9), newly diagnosed SRDs during ICU stay (n = 12), and
organ-speci�c autoimmune diseases (n = 47), 259 patients (age 49 ± 17.5 years, female 67.6%) were
included in the �nal analysis (Fig. 1).

Patient characteristics and types of SRDs on ICU admission was listed in Table 1. Systemic lupus
erythematosus (SLE), dermatomyositis/polymyositis (DM/PM), vasculitis, and rheumatoid arthritis (RA)
were the most commonly SRDs (78% of patients). Apart from hematological manifestations of SRDs
which were present in almost all patients, involvement of vital organs (e.g. kidney, lung, and central
nervous system) occurred in 133 patients (51.4%).

and calibration were assessed by C-statistic and Hosmer-Lemeshow statistics, respectively. All
comparisons were unpaired, and all tests of signi�cance were two-tailed. A p value < 0.05 was considered
as statistically signi�cant.
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Table 1
Characteristics of rheumatology patients admitted to ICU due to acute respiratory failure

  All
(n = 259)

Survivors
(n = 104)

Nonsurvivors
(n = 155)

P
value

Age, years, mean (SD) 49.0 (17.5) 46.0 (18.4) 52.0 (16.4) 0.019

Female sex, n (%) 175 (67.6) 70 (67.3) 105 (67.7) 0.936

Comorbidities, n (%)        

No comorbidity 140 (50.1) 66 (63.5) 74 (47.7) 0.017

Chronic kidney disease stage 3/4/5 23 (8.9) 7 (6.7) 16 (10.3) 0.319

Hypertension 54 (20.8) 17 (16.3) 37 (23.9) 0.144

Coronary heart disease 34 (13.1) 11 (10.6) 23 (14.8) 0.319

Diabetes 33 (12.7) 10 (9.6) 23 (14.8) 0.217

Chronic cardiac insu�ciency 16 (6.2) 6 (5.8) 10 (6.5) 0.823

Chronic lung disease 9 (3.5) 5 (4.8) 4 (2.6) 0.117

Solid cancer 3 (1.2) 1 (1.0) 2 (1.3) 0.808

Type of SRDs, n (%)        

Systemic lupus erythematosus 86 (33.2) 42 (40.4) 44 (28.4) 0.058

Dermatomyositis/polymyositis 46 (17.8) 10 (9.6) 36 (23.2) 0.001

Vasculitis a 44 (17.0) 11 (10.6) 33 (21.2) 0.044

Rheumatoid arthritis 26 (10.0) 11 (10.6) 15 (9.7) 0.680

UCTD 20 (7.7) 9 (8.7) 11 (7.1) 0.988

Adult onset Still’s disease 14 (5.4) 8 (7.7) 6 (3.9) 0.182

Abbreviations: APACHE acute physiology and chronic health evaluation, CTD-ILD connective tissue
disease-associated interstitial lung disease, ICU intensive care unit, IQR interquartile range, SD
standard deviation, SOFA sequential organ failure assessment, SRD systemic rheumatic disease,
UCTD undifferentiated connective tissue disease, WBC white blood cell

a Including ANCA-related vasculitis (n = 31), Behcet’s disease (n = 3), Takayasu arteritis (n = 1), large
vessel vasculitis (not speci�ed) (n = 3), polyarteritis nodosa (n = 3) and others (n = 3).

b including UCTD (n = 20), Adult onset Still’s disease (n = 14), Sjogren’s disease (n = 11), progressive
systemic sclerosis (n = 6), mixed connective tissue disease (n = 3), macrophage activating syndrome
(n = 1) and recurrent polychondritis (n = 2).

c Anti-CD20 monoclonal antibody or TNFα antagonist
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  All
(n = 259)

Survivors
(n = 104)

Nonsurvivors
(n = 155)

P
value

Sjogren’s disease 11 (4.2) 6 (5.8) 5 (3.2) 0.714

Others b 12 (4.6) 7 (5.8) 5 (3.2) 0.698

Organ involvement, n (%)        

Hematological 234 (90.3) 93 (89.4) 141 (91.0) 0.671

Renal 97 (37.5) 37 (35.6) 60 (38.7) 0.679

CTD-ILD 56 (21.6) 12 (11.5) 44 (28.4) 0.005

Neurological 16 (6.2) 6 (5.8) 10 (6.5) 0.918

Steroids therapy        

Number of patients 259 (100) 104 (100) 155 (100)  

Duration of steroids therapy, months,
median (IQR)

3 (1, 12) 3.5 (1.6,24) 3.0 (1,12.0) 0.154

Daily prednisolone equivalent dose,
mg, median (IQR)

50 (30,70) 50(25,60) 50 (30,70) 0.222

Immunosuppressive therapy within 1
month, n (%)

       

Cytotoxic or immunosuppressants 130 (50.2) 54 (51.9) 76 (49.0) 0.648

Pulse steroids therapy 60 (23.2) 29 (27.9) 31 (20.0) 0.681

Biologics c 9 (3.5) 4 (3.8) 5 (3.2) 0.892

Laboratory tests on ICU admission        

WBC count, 109 cells/L, median (IQR) 8.0 (4.9,11.5) 8.1 (5.6,11.4) 7.8 (4.8,11.8) 0.419

Neutropenia, n(%) 14 (5.4) 3 (2.9) 11 (7.1) 0.142

Abbreviations: APACHE acute physiology and chronic health evaluation, CTD-ILD connective tissue
disease-associated interstitial lung disease, ICU intensive care unit, IQR interquartile range, SD
standard deviation, SOFA sequential organ failure assessment, SRD systemic rheumatic disease,
UCTD undifferentiated connective tissue disease, WBC white blood cell

a Including ANCA-related vasculitis (n = 31), Behcet’s disease (n = 3), Takayasu arteritis (n = 1), large
vessel vasculitis (not speci�ed) (n = 3), polyarteritis nodosa (n = 3) and others (n = 3).

b including UCTD (n = 20), Adult onset Still’s disease (n = 14), Sjogren’s disease (n = 11), progressive
systemic sclerosis (n = 6), mixed connective tissue disease (n = 3), macrophage activating syndrome
(n = 1) and recurrent polychondritis (n = 2).

c Anti-CD20 monoclonal antibody or TNFα antagonist
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  All
(n = 259)

Survivors
(n = 104)

Nonsurvivors
(n = 155)

P
value

Lymphocyte count, 106 cells/L,
median (IQR)

435 (241,680) 524 (303,775) 432 (193,617) 0.007

CD4 + T- lymphocyte, 106 cells/L,
median (IQR)

120 (61,244) 171(94,293) 95 (47,210) 0.008

C-reactive protein, mg/L, median (IQR) 73.9(12.4,116) 63.1(25.7,148) 73.2(14.5,126) 0.814

PaO2/FiO2 ratio, mmHg, mean (SD) 168 ( 69) 215 (77) 132 (62) < 
0.001

Severity of illness at ICU admission        

APACHE II score, mean (SD) 16.9 ( 5.7) 15.7 ( 5.3) 17.7 (5.7) 0.006

SOFA score, mean (SD) 6.6 ( 2.9) 6.0 ( 2.9) 6.9 ( 2.9) 0.009

Life-sustaining therapies, n (%)        

Invasive mechanical ventilation 239 (92.3) 87 (83.7) 152 (98.1) < 
0.001

Vasopressor 189 (73.0) 68 (65.4) 121(78.1) 0.037

Renal replacement therapy 35 (13.5) 15 (14.4) 20 (12.9) 0.776

Empiric antibiotics, n (%) 247 (95.4) 100 (96.2) 147 (94.8) 0.622

Speci�c treatments during ICU, n (%)        

Pulse steroids 17 (6.6) 6 (5.8) 11 (7.1) 0.619

Therapeutic plasma exchange 13 (5) 6 (5.8) 7 (4.5) 0.516

Immunoglobulin 9 (3.5) 3 (2.9) 6 (3.9) 0.633

Complications during ICU stay, n (%)        

Abbreviations: APACHE acute physiology and chronic health evaluation, CTD-ILD connective tissue
disease-associated interstitial lung disease, ICU intensive care unit, IQR interquartile range, SD
standard deviation, SOFA sequential organ failure assessment, SRD systemic rheumatic disease,
UCTD undifferentiated connective tissue disease, WBC white blood cell

a Including ANCA-related vasculitis (n = 31), Behcet’s disease (n = 3), Takayasu arteritis (n = 1), large
vessel vasculitis (not speci�ed) (n = 3), polyarteritis nodosa (n = 3) and others (n = 3).

b including UCTD (n = 20), Adult onset Still’s disease (n = 14), Sjogren’s disease (n = 11), progressive
systemic sclerosis (n = 6), mixed connective tissue disease (n = 3), macrophage activating syndrome
(n = 1) and recurrent polychondritis (n = 2).

c Anti-CD20 monoclonal antibody or TNFα antagonist
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  All
(n = 259)

Survivors
(n = 104)

Nonsurvivors
(n = 155)

P
value

ICU-acquired infection 89 (34.4) 16 (16.3) 74 (47.8) 0.001

Non-infective complications 46 (17.8) 17 (16.3) 29 (18.7) 0.687

New neutropenia 8(3.1) 1(1.0) 7(4.5) 0.105

New pneumothorax 18 (6.9) 3 (2.9) 15 (9.7) 0.035

Acute coronary syndrome 14 (5.4) 6 (5.8) 8 (5.2) 0.676

Gastrointestinal bleeding 13 (5) 4 (3.8) 9 (5.8) 0.763

Stroke 4 (1.5) 1 (1) 3 (1.9) 0.172

Outcome        

ICU length of stay, days, median (IQR) 9 (5,17) 10 (5,18) 8 (4,16) 0.129

Hospital length of stay, days, median
(IQR)

22 (8,37) 34 (24,46) 12 (6,24) 0.001

Abbreviations: APACHE acute physiology and chronic health evaluation, CTD-ILD connective tissue
disease-associated interstitial lung disease, ICU intensive care unit, IQR interquartile range, SD
standard deviation, SOFA sequential organ failure assessment, SRD systemic rheumatic disease,
UCTD undifferentiated connective tissue disease, WBC white blood cell

a Including ANCA-related vasculitis (n = 31), Behcet’s disease (n = 3), Takayasu arteritis (n = 1), large
vessel vasculitis (not speci�ed) (n = 3), polyarteritis nodosa (n = 3) and others (n = 3).

b including UCTD (n = 20), Adult onset Still’s disease (n = 14), Sjogren’s disease (n = 11), progressive
systemic sclerosis (n = 6), mixed connective tissue disease (n = 3), macrophage activating syndrome
(n = 1) and recurrent polychondritis (n = 2).

c Anti-CD20 monoclonal antibody or TNFα antagonist

All 259 patients received long-term steroids on ICU admission, with a median daily prednisone equivalent
dose of 50 mg (IQR, 30–70 mg), whereas cytotoxic drugs or immunosuppressive therapy were given in
50.2% of patients. In addition, about one-fourth of patients received pulse steroids therapy within one
month prior to ICU admission, due to acute exacerbation of SRDs. Only 9 patients (3.5%) were ever
treated with rituximab or tumor necrosis factor-α antagonists.

Etiologies of ARF

The distribution of etiologies of the 259 patients is presented in Fig. 1. The most common reason for ARF
leading to ICU admission was microbiologically con�rmed infection (n = 209, 80.7%), including
pneumonia (n = 205, 79.2%) and bloodstream infection (n = 5, 1.5%) (Table 2). Bacterial, fungal, and viral
infection developed in 47 (18.1%), 161 (62.2%), and 68 (26.3%) patients, respectively. Pneumocystis
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pneumonia (PCP) was the leading cause (n = 103, 39.8%), followed by invasive pulmonary aspergillosis
(IPA) (n = 86, 33.2%), cytomegalovirus (CMV) pneumonia (n = 60, 23.2%), in�uenza pneumonia (n = 14,
5.4%), and others (Table 3 and Fig. 1 ).

Table 2
Etiology of acute respiratory failure in rheumatology patients admitted to ICU

  All
(n = 259)

Survivors
(n = 104)

Nonsurvivors
(n = 155)

P value

Infection 209 (80.7) 81 (77.9) 128 (82.6) 0.348

Pneumonia 205 (79.2) 78 (75.0) 127 (81.9) 0.178

Bloodstream infection 5 (1.9) 3 (2.9) 2 (1.3) 0.152

SRD exacerbation 71(27.4) 32 (30.8) 39 (25.2) 0.321

Pulmonary edema 25 (9.7) 10 (9.6) 15 (9.7) 0.987

Cardiogenic 17 (6.6) 8 (7.7) 9 (5.8) 0.548

Noncardiogenic 8 (3.1) 2 (1.9) 6 (3.9) 0.374

Diffuse alveolar hemorrhage 17 (6.6) 9 (8.7) 8 (5.2) 0.266

CTD-ILD exacerbation 17 (6.6) 7 (6.7) 10 (6.5) 0.929

Others 12 (4.6) 6 (5.8) 6 (3.9) 0.476

Acute ventilatory muscle myositis 3 (1.2) 1 (1.0) 2 (1.3) 0.808

Pneumomediastinum 3 (1.2) 1 (1.0) 2 (1.3) 0.808

CAPS/PTE 3 (1.2) 1 (1.0) 2 (1.3) 0.808

Tracheobronchial stenosis 2 (0.8) 2 (1.9) 0 (0) 0.083

Aspiration pneumonitis 1 (0.4) 1 (1.0) 0 (0) 0.221

Infection and SRD exacerbation 42 (16.2) 15 (14.4) 27 (17.4) 0.521

Undetermined 21 (8.1) 6 (5.8) 15 (9.7) 0.259

Data are presented as N (%)

Abbreviations: CAPS catastrophic antiphospholipid syndrome, CTD-ILD connective tissue disease-
associated interstitial lung disease, ICU intensive care unit, PTE pulmonary thromboembolism, SRD
systemic rheumatic diseases
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Table 3
Pathogens of infections in rheumatology patients admitted to ICU due to acute respiratory failure

  All
(n = 259)

Survivors
(n = 104)

Nonsurvivors
(n = 155)

P value

Bacteria 47 (18.1) 25 (24.0) 22 (14.2) 0.044

Acinetobacter baummannii 9 (3.5) 5 (4.8) 4 (2.6) 0.337

Mycobacterium spp.a 8 (3.1) 2 (1.9) 6 (3.9) 0.374

Pseudomonas aeruginosa 7 (2.7) 4 (3.8) 3 (1.9) 0.353

Legionella pneumophilia 6 (2.3) 5 (4.8) 1 (0.6) 0.029

Klebsiella pneumoniae 5 (1.9) 3 (2.9) 2 (1.3) 0.361

Other bacteria b 16 (6.2) 9 (8.7) 7 (4.5) 0.175

Multidrug-resistant 19 (7.3) 11 (10.6) 8 (5.2) 0.101

Fungi 161 (62.2) 54 (51.9) 107 (69.0) 0.005

Pneumocystis jirovecii c 103 (39.8) 34 (32.7) 69 (44.5) 0.057

Aspergillus spp. 86 (33.2) 26 (25.0) 60 (38.7) 0.022

Other fungi d 4 (1.5) 0 (0) 4 (2.6) 0.099

Virus 68 (26.3) 28 (26.9) 40 (25.8) 0.841

Cytomegalovirus 60 (23.2) 24 (23.1) 36 (23.2) 0.978

In�uenza 14 (5.4) 7 (6.7) 7 (4.5) 0.440

Polymicrobial 86 (33.2) 32 (30.8) 54 (34.8) 0.495

Data are presented as N (%)

Abbreviations: ICU intensive care unit

a. Including Mycobacterium non-tuberculosis (n = 1)

b. E. coli (n = 2), Hemophilus in�uenzae (n = 2), Enterococcus faecalis (n = 2), Nocardia (n = 2),
Streptococcus pneumoniae (n = 2), methicillin-sensitive Staphylococcus aureus (n = 2), methicillin-
resistant Staphylococcus aureus (n = 1), Staphylococcus hemolyticus (n = 1), Mycoplasma
pneumoniae (n = 1), and Chlamydia pneumoniae (n = 1)

c. Gomori methenamine stain positive for Pneumocystis cyst in 19 patients, Pneumocystis DNA
positive in 84 patients

d. Fusarium (n = 2), mucor (n = 1), and Cryptococcus neoformans (n = 1)
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Eighty-six patients (33.2%) had polymicrobial infections (Additional �le 1: Table S3). Among 103 patients
with PCP, 59 (57.3%) had concomitant infections, including 38 patients (36.9%) with CMV pneumonia,
and 29 patients (28.2%) with IPA. While in 86 patients with IPA, 29 patients (33.7%) had PCP, and 23
patients (26.7%) had concomitant viral pneumonia, including CMV (n = 18, 20.9%) and in�uenza
pneumonia (n = 8, 9.3%). In comparison, 52 out of 60 patients (86.7%) with CMV pneumonia had
polymicrobial infections. Older age, immunosuppressants and/or pulsed steroids therapy within one
month prior to ICU admission, lower CD4+ T-lymphocyte count, and higher C-reactive protein level are
independent risk factors for pneumonia as cause of ARF requiring ICU admission (Table 4 and Additional
�le 1: Table S4).

Table 4
Multivariate logistic regression analysis of risk factors for pneumonia and SRD exacerbation

  Pneumonia* SRD Exacerbation**

  aOR (95% CI) P value aOR (95% CI) P value

Age 1.035 (1.014–1.056) 0.001    

Female sex     3.202 (1.548–6.624) 0.002

Pulsed steroids 4.198 (2.583–11.129) 0.004 4.100 (2.141–7.852) < 0.001

Immunosuppressants 2.168 (1.084–4.334) 0.029    

CD4+ T-lymphocyte count 0.998 (0.997–1.000) 0.017 1.001 (1.000–1.003) 0.046

C-reactive protein 1.011 (1.005–1.017) 0.001 0.093 (0.988–0.998) 0.011

Abbreviations: aOR adjusted odds ratio, CI con�dence interval, ICU intensive care unit, SRD systemic
rheumatic disease

* C-statistic 0.803 (95% CI 0.751–0.855, p < 0.001), and Hosmer-Lemeshow χ2 statistic 8.674 (p = 
0.371)

** C-statistic 0.765 (95% CI 0.692–0.819, p < 0.001), and Hosmer-Lemeshow χ2 statistic 5.013 (p = 
0.756)

SRD exacerbation represented another major reason for ARF (n = 71, 27.4%), mainly manifested as
pulmonary edema, diffuse alveolar hemorrhage, and exacerbation of CTD-ILD (Table 2 and Additional �le
1: Table S5). Female sex, pulsed steroids therapy within one month prior to ICU admission, higher CD4+ T-
lymphocyte count, and lower C-reactive protein level were independent risk factors for SRD exacerbation
as etiology of ARF requiring ICU admission (Table 4 and Additional �le 1: Table S6).

Forty-two patients (16.2%) had both infection and SRD exacerbation, while in 21 patients (8.1%), the
etiology of ARF could not be determined.

Patient Outcome and Prognostic Factors
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Of 259 patients included in the study, 155 (59.8%) died in ICU, with another 4 patients died during
hospitalization after discharge from ICU, corresponding to hospital mortality of 61.4%. The outcome of
patients with different etiologies of ARF was listed in Fig. 1 and no signi�cant difference was observed
(Table 2).

Compared with ICU survivors, nonsurvivors were more likely to be older (52.0 ± 16.4 vs. 46.0 ± 18.4 years,
p = 0.019), and have comoribidities (52.3% vs.36.5%, p = 0.017). There were more DM/PM, and vasculitis,
as well as CTD-ILD among nonsurvivors (Table 1). On ICU admission, nonsurvivors were more severely ill,
as suggested by higher APACHE II and SOFA scores, lower lymphocyte count, lower CD4+ T-lymphocyte
count, and lower PaO2/FiO2 ratio. During ICU stay, more nonsurvivors received mechanical ventilation and
vasopressors, and had more complications such as ICU-acquired infections and newly developed
pneumothorax. In multivariate logistic regression analysis, higher APACHE II score, DM/PM, vasculitis,
severe hypoxemia (de�ned as PaO2/FiO2 ratio < 100 mmHg), and PCP were independent risk factors of
ICU mortality (Table 5). The prediction model of mortality obtained good discrimination (C-statistic, 0.779,
95% CI 0.720–0.838, p < 0.001) and was well calibrated with Hosmer-Lemeshow χ2 statistic of 7.881 (p = 
0.445).
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Table 5
Multivariate logistic regression analysis of risk factors for ICU mortality *

Variables Odds Ratio 95% Con�dence Interval P value

APACHE II score 1.118 1.054–1.186 < 0.001

Type of SRDs      

Systemic lupus erythematosus 1.00 Ref  

Dermatomyositis/polymyositis 4.898 1.949–12.309 0.001

Vasculitis 3.007 1.237–7.309 0.015

Rheumatoid arthritis 1.230 0.465–3.251 0.676

Other SRDs 0.884 0.411–1.903 0.753

PaO2/FiO2 < 100 mmHg 3.918 2.199–6.892 < 0.001

Reasons for ARF      

Infection 0.595 0.262–1.350 0.214

SRD exacerbation 1.058 0.506–2.212 0.881

Pneumocystis jirovecii pneumonia 2.345 1.168–4.705 0.016

See Table 1 legend for expansion of abbreviations

* Variables in the multivariate logistic regression analysis: age, any comorbidity, type of SRDs
(systemic lupus erythematosus, dermatomyositis/polymyositis, vasculitis, rheumatoid diseases, and
other SRDs), CTD-ILD, APACHE II score, SOFA score, PaO2/FiO2,reason of ARF (infection, SRD
exacerbation), pathogens of infections (bacteria, Legionella pneumophilia, Pneumocystis jirovecii
pneumonia, Aspergillus spp) and CD4 + T-lymphocyte count on ICU admission.

Discussion
In this large single-center cohort study of rheumatology patients with ARF admitted to ICU, we found that
infection (mainly pneumonia) and SRD exacerbation were the major reasons for ARF in 80.7% and 27.4%
of patients, respectively. Pneumocystis jirovecii, Aspergillus spp., and CMV were the most common
pathogens. The observed ICU-mortality was 59.8%, with severity-of-illness (as suggested by higher
APACHE II score and lower PaO2/FiO2 ratio), type of SRD (DM/PM, vasculitis), and speci�c infection (i.e.
PCP) as independent risk factors of ICU mortality.

The mortality rate of our patients was comparable to that in a Korean study, which reported a mortality
rate of 62% among 66 patients with CTD requiring ICU admission for respiratory failure [7]. It had been
reported that the mortality from lung diseases in patients with SRDs, such as RA was about twice as that
of the general population [20–22]. In a multicenter observational study of 363 critically ill patients with
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SRDs, ICU mortality rate was 21.0%, whereas respiratory involvement accounted for only 56.8% of ICU
admissions [3]. The high mortality rate attributable to ARF merited extensive investigation of etiologies,
which might result in early recognition, prompt treatment, and improved clinical outcome.

Similar to other studies, pulmonary infection was the leading cause of ICU admission [1–3, 7]. However,
we observed signi�cantly different pathogen pro�le compared with other studies [3, 7, 8, 11]. For example,
in the above-mentioned multicenter study, bacteria were the most predominant pathogens in patients
admitted for infection, while only 7 patients developed PCP [3]. Likewise, among 149 patients with SRDs
in a French ICU over a 20-year period, there were only 4 cases of PCP [8]. In comparison, PCP was the
leading cause (39.8%) of ICU admission in our study, as well as an independent prognostic factor. The
high prevalence of PCP in our study might be explained, at least in part, by the use of the standard
procedure in our ICU for extensive microbiological investigation in immunocompromised patients with
suspected pneumonia. In addition, it might also re�ect the in�uence of different SRDs, among which
more than 40-fold difference in the frequency of PCP was reported by Ward and coworkers [23]. As a
matter of fact, the incidence rate of PCP had been increased among immunocompromised non-HIV
patients, with mortality rate ranging from 48–67% [24–26]. In particular, in a retrospective study of 82
critically ill patients with PCP in whom 80% of patients had SRDs, overall hospital mortality rate was up
to 75.6% [10].

Consistent with our clinical experience and other studies, certain types of SRDs, such as DM/PM and
vasculitis, were independently associated with ICU mortality [7, 8, 12]. Lee and coworkers reported that
patients with systemic vasculitis, DM/PM, and RA had a higher mortality rate (60–93%) [7]. Moreover,
DM/PM was an independent predictor of 30-day mortality rate in ICU patients with SRDs (OR 9.2, p = 
0.04) [8]. In a retrospective study of 102 critically ill patients with idiopathic in�ammatory myopathies, we
reported that 81 patients (79.4%) died during ICU stay [12]. Etiologies of ARF and relevant treatment
response might explain the observed high mortality. For example, in patients with DM/PM, CTD-ILD
exacerbation and fungal infections were the most common causes of ARF, which were often refractory to
treatments [27–29]. In contrast, bacterial pneumonia and diffuse alveolar hemorrhage were major
reasons of ARF in patients with SLE, often associated with good treatment response [3].

The strengths of our study included that 1) this was the largest observational study investigating
etiologies of ARF in rheumatology patients requiring intensive care; and 2) employment of multiple
microbiological techniques, including stain, culture, antigen detection, serology, and nucleic acid
ampli�cation, enabled us to report majority, if not all, of potential pathogens in rheumatology patients
with suspected pneumonia [17].

Our study was also subject to several limitations. First, the study results from this single-center
retrospective study necessitated validation from future multicenter prospective studies. Second,
determination of etiologies of ARF was somewhat arbitrary. However, consensus had been reached
among 3 senior physicians experienced in the management of critically ill rheumatology patients. Third,
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next-generation sequencing had not been incorporated into our standard protocol during the study period.
We believe that this novel technique may help identify nonbacterial and nonculturable pathogens.

Conclusions:
This single-center study of critically ill rheumatology patients demonstrated the complexity of ARF
etiologies in this group of immunocompromised hosts. Development of a standard protocol, which
included comprehensive microbiological techniques for the identi�cation of likely pathogens, might help
the clinicians to con�rm the infective etiology and initiate appropriate de�nitive antimicrobial therapy, in
order to improve clinical outcome of these vulnerable high-risk patients.
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Figure 1

Flowchart of the included patients, etiologies of ARF and outcome in the ICU. ARF, acute respiratory
failure; CMV, cytomegalovirus; CTD-ILD, connective tissue disease-associated interstitial lung disease; ICU,
intensive care unit; PCP, Pneumocystis pneumonia; SRD, systemic rheumatic diseases.
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