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Abstract

Background: Diffuse alveolar hemorrhage (DAH) is a rare but life-threatening complication of systemic lupus
erythematosus (SLE). The current knowledge of the prognostic factors for SLE-associated DAH is controversial. This
meta-analysis was undertaken to investigate the relevant risk factors for mortality in SLE-associated DAH.

Methods: Studies were searched from PubMed, EMBASE, and Web of Science databases published up to May 27,
2020, and were selected or removed according to the inclusion and exclusion criteria. Two reviewers extracted data
independently from the enrolled studies, and the odds ratios (OR) or the standardized mean difference (SMD) was
utilized to identify and describe the prognostic factors for mortality.

Results: Eight studies encompassing 251 patients with SLE-associated DAH were included in the meta-analysis. No
significant publication bias was shown. Age at the diagnosis of DAH (SMD = 0.35, 95% confidence interval (CI) (0.08,
0.61), P = 0.01, I2 = 0.0%) was found to be an independent risk factor of mortality. Longer lupus disease duration
(SMD = 0.28, 95% CI (0.01, 0.55), P = 0.042, I2 = 0.0%), concurrent infection (OR = 2.77, 95% CI (1.55, 4.95), P = 0.001,
I2 = 37.5%), plasmapheresis treatment (OR = 1.96, 95% CI (1.04, 3.70), P = 0.038, I2 = 14.6%), and mechanical
ventilation (OR = 6.11, 95% CI (3.27, 11.39), P < 0.0001, I2 = 23.3%) were also related to poor survival, whereas no
noticeable relationships were revealed between survival and concurrent lupus nephritis (OR = 5.45, 95% CI (0.52,
56.95), P = 0.16, I2 = 58.4%) or treatment of cyclophosphamide (CTX) (OR = 0.74, 95% CI (0.16, 3.41), P = 0.70, I2 =
75.5%).
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Conclusions: Older age at the diagnosis of DAH, longer disease duration of SLE, concurrent infection,
plasmapheresis treatment, and mechanical ventilation were found related to increased mortality in patients with
SLE-associated DAH according to our meta-analysis. However, due to limited studies with heterogeneity, these
results should be interpreted cautiously. Notably, severe diseases rendered the requirement of plasmapheresis
treatment and mechanical ventilation are themselves associated with poor outcome. Randomized trials of
therapeutics are needed to determine the most efficacious strategies for SLE-associated DAH for better
management of this life-threatening complication.
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Background
Systemic lupus erythematosus (SLE) is a chronic, auto-
immune disorder characterized by loss of self-tolerance,
systemic inflammation, and multi-organ impairment [1].
Pulmonary involvement associated with SLE commonly
presents as pleuritis, acute lupus pneumonia, diffuse al-
veolar hemorrhage (DAH), and pulmonary arterial
hypertension. DAH manifests as shortness of breath with
hemoptysis and abrupt drop of hemoglobin levels. The
imaging characteristics on computed tomography scans
are diffuse patchy ground-glass opacities or hilar-
centered consolidation indicating alveolar filling lesion.
As a rare but life-threatening complication of SLE, DAH
is often devastating with a mortality rate of up to 85.7%
as previously reported [2].
Prognostic factors related to the mortality of SLE-

associated DAH have been investigated [3–10]. However,
published studies present conflicting data on the associ-
ation of platelet level, systemic lupus erythematosus dis-
ease activity index (SLEDAI), and the concurrence of
lupus nephritis (LN) with the outcome of SLE-associated
DAH [6, 7, 9, 10]. With regard to the SLE-associated
DAH treatment paradigms, cyclophosphamide (CTX)
therapy was suggested associated with high mortality in
one retrospective study [3], whereas it was suggested as
protective in another study for SLE-associated DAH [10].
The requirement of mechanical ventilation was proposed
as an indicator for poor outcome in several studies [6–9].
Several retrospective studies have investigated this con-
cern and drawn diverse conclusions.
To calibrate personal therapeutic strategies and improve

the prognosis of SLE-associated DAH, it is crucial to take
prognostic indicators into consideration in routine care.
Here, we performed a systematic review and meta-analysis
of published observational studies and reviewed the po-
tential prognostic factors for SLE-associated DAH.

Methods
Search strategies
This meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement protocol [11].

To investigate the prognostic factors for DAH in pa-
tients with SLE, relevant articles were comprehensively
and systematically identified from the online databases
PubMed, EMBASE, and Web of Science, published up
to May 27, 2020. The search strategy consisted of the
following keywords in combination with Medical Subject
Headings (MeSH) terms in PubMed, Emtree in
EMBASE, and text words: (“lupus erythematosus, sys-
temic” or “systemic lupus erythematosus”) and (“alveolar
haemorrhage” or “alveolar hemorrhage” or “lung
hemorrhage”), and “mortality”.

Eligibility criteria
Cohort studies and case-control studies that investigated
the prognostic factors for DAH in patients with SLE were
potentially eligible for the meta-analysis. Specifically, the
following criteria were required to be met: (1) studies pub-
lished in English, (2) patients diagnosed with SLE, (3) pa-
tients diagnosed with DAH, and (4) odds ratio (OR) or risk
ratio (RR) estimates with 95% confidence interval (CI) and
P values or values that could be calculated according to the
reported data in the study. The major exclusion criteria
were as follows: (1) duplicates, reviews, case reports, com-
ments, or editorials; (2) conference abstracts superseded by
publication; (3) simple description without comparison;
and (4) not related to SLE or DAH.

Data extraction
Two reviewers (JMD and CRX) independently assessed
each study for eligibility based on the inclusion and ex-
clusion criteria and extracted the following data: (1) first
author’s surname, (2) publication year, (3) country, (4)
study design, (5) number of patients (along with gender),
(6) time span, and (7) outcome indicators. Any differ-
ences of opinion between the two assessors were dis-
cussed until consensus was achieved. When necessary,
an additional researcher (ZLD) was contacted for ex-
tended discussions as a third adjudicator.

Quality assessment
Quality assessment of each study was performed inde-
pendently by the two authors (JMD and CRX), using the
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Newcastle-Ottawa Scale (NOS) (http://www.ohri.ca/
programs/clinical_epidemiol-ogy/oxford.asp), which graded
studies according to the quality of selection, comparability,
and outcome of study participants. The NOS utilizes a
score rating system (with scores ranging from 0 to 9) to
evaluate the quality of each study. Studies awarded six or
more scores are regarded as high quality. Discrepancies
were addressed by the re-evaluation of the original article
and discussion with a third independent reviewer.

Statistical analysis
All statistical analyses were carried out using the STATA
14 software (Stata Corporation, College Station, TX,
USA). OR was evaluated for counting data, and the stan-
dardized mean difference (SMD) was measured for the
measurement data. OR and RR estimates were consid-
ered equivalent in the meta-analysis given the extremely
low incidence of SLE-DAH. Heterogeneity was calcu-
lated using Higgins’s (I2) test statistic. A value of I2 of 0–
25% represents no heterogeneity, 26–50% represents low
heterogeneity, 51–75% represents moderate heterogen-
eity, and > 75% represents high heterogeneity [12]. If sig-
nificant heterogeneity (P < 0.10 or I2 > 50%) existed, the
random-effects model was applied. Otherwise, the fixed-
effects model was utilized. In order to assess the stability
and reliability of the results, a sensitivity analysis was
performed by sequential omission of individual studies.
In addition, funnel plot and Begg’s test were used to
evaluate publication bias [13]. P value less than 0.05 was
considered significant.

Results
Characteristics of enrolled studies
A total of 358 potentially eligible articles were obtained
from the initial retrieval, of which 103 were excluded
due to duplicate publication. After title and abstract
screening, 232 articles unrelated to SLE-associated DAH
were excluded, then the 23 remaining articles were
reviewed for full texts. Fifteen articles were excluded ac-
cording to the exclusion and inclusion criteria. Finally, 8
studies including 251 SLE patients with 262 episodes of
DAH were selected, and data items were extracted. A
flowchart of article screening for the meta-analysis is
illustrated in Fig. 1.
All these patients fulfilled the revised criteria of the

American College of Rheumatology for classification of
SLE [14, 15]. The included 8 studies employed the same
diagnostic criteria for DAH including (1) one or more
pulmonary symptoms or signs including dyspnea, hypox-
emia, hemoptysis, or cough; (2) acute diffuse lung infil-
tration on radiological images (chest X-ray or computed
tomography) suggestive of alveolar hemorrhage; (3) a
sudden drop in hemoglobin levels of ≥ 1.5 g/dL in the
absence of bleeding elsewhere; and (4) the presence of
hemosiderin-laden macrophages on bronchoalveolar
lavage or lung biopsy demonstrating DAH.
All 8 studies compared the mortality risk factors in-

cluding demographic features, clinical characteristics, la-
boratory data, and comorbidity between deceased and
survivor groups. The characteristics of the eight included
studies are summarized in Table 1. These studies were

Fig. 1 Flowchart of the literature selection process
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carried out in South Korea (n = 2), China (n = 2), Mexico
(n = 1), the USA (n = 1), Colombia (n = 1), and Singapore
(n = 1). The methodological quality of the included stud-
ies was relatively high according to the 3 items (selec-
tion, comparability on the basis of the design or analysis,
and outcome) considered in the Newcastle-Ottawa Scale
(Additional file 1).

Prognostic factors for survival of SLE-associated DAH
patients
Comparison of demographic and clinical characteristics
Seven studies with no heterogeneity compared the age at
diagnosis between the deceased and the survivors in
SLE-associated DAH patients utilizing the fixed-effects
model (P = 0.59, I2 = 0.0%). The pooled data indicated a
significant correlation of older ages at diagnosis with the
poor outcome (SMD = 0.35, 95% CI (0.08, 0.61), P =
0.01) (Fig. 2a, Table 2). The association between gender
and the survival of patients with SLE-associated DAH
was non-remarkable (OR = 0.69, 95% CI (0.31, 1.54), P =
0.369) (Fig. 2b, Table 2). For disease duration, six studies
containing the data of disease duration were pooled, and
the analysis showed that this factor was correlated with
mortality employing the fixed-effects model (SMD =
0.28, 95% CI (0.01, 0.55), P = 0.042) (Fig. 2c, Table 2).
With regard to concomitant diseases, three studies in-

vestigated and measured the correlation between the

occurrence of LN or neuropsychiatric lupus erythemato-
sus (NPSLE) with the survival of SLE-associated DAH.
The pooled data indicated no statistically difference in
the presence of nephritis or NPSLE in the deceased
group compared with the survivor group (OR = 5.45,
95% CI (0.52, 56.95), P = 0.16 and OR = 0.96, 95% CI
(0.43, 2.15), P = 0.92) (Fig. 2d, e, Table 2).

Comparison of laboratory data and disease activity
When referring to relevant laboratory indices, six studies
were gathered to evaluate the correlation between the
levels of platelet and the survival of SLE-associated DAH
patients using the random-effects model with moderate
heterogeneity among studies (P = 0.01, I2 = 69.1%). The
pooled data indicated no significant difference in levels
of platelet between the deceased group and the survivor
group (SMD = − 0.29, 95% CI (− 0.86, 0.29), P = 0.328)
(Fig. 3a, Table 2). In addition, by utilizing random-
effects model, our pooled results revealed that neither
the drop of hemoglobin nor the level of complement 3
(C3) during DAH episodes was related to the mortality
in SLE-associated DAH patients (SMD = 0.34, 95% CI (−
0.17, 0.85), P = 0.19 and SMD = 0.48, 95% CI (− 0.51,
1.46), P = 0.34) (Fig. 3b, c, Table 2).
A total of six studies with high heterogeneity com-

pared the average SLEDAI score between the deceased
and the survivors in SLE-associated DAH patients. By

Table 1 Baseline characteristics of patients in the included studies

No. Author,
year

Country Study
population

Study type Time
span

Number of patients
(gender)

Prognostic factors Mortality
rate (%)

NOS
score

1 Zamora,
1997

USA SLE patients
from a single
cohort

Retrospective
cohort study

1984–
1994

15 (10 females, 5
male)

CTX treatment, mechanical
ventilator, infection

42.1 8

2 Chang,
2002

China SLE patients
from a single
cohort

Retrospective
cohort study

1994–
2001

8 (all females) APACHE II score, OSF score 50.0 8

3 Badsha,
2004

Singapore SLE patients
from a single
cohort

Retrospective
cohort study

1994–
2001

22 (20 females, 2
males)

SLEDAI, SLAM 36.4 8

4 Kwok,
2011

South
Korea

SLE patients
from a single
cohort

Retrospective
cohort study

1993–
2009

21 (19 females, 2
males)

Mechanical ventilator, infection 61.9 9

5 Martínez-
Martínez,
2014

Mexico SLE patients
from 9
cohorts

Retrospective
cohort study

NA 50 patients with 57
episodes (49 females,
8 males)

Creatinine, platelets, APACHE II
score, mechanical ventilator,
infection

42.1 8

6 Kim, 2017 South
Korea

SLE patients
from a single
cohort

Retrospective
cohort study

2004–
2014

24 (all females) Lupus nephritis, plasmapheresis,
transfusion, mechanical ventilator

29.2 9

7 Quintana,
2019

Colombia SLE patients
from a single
cohort

Retrospective
cohort study

2011–
2018

17 (11 females,
6males)

Disease duration, albumin, SLEDAI,
inotropic/vasoactive use,
mechanical ventilator

29.4 7

8 Sun, 2020 China SLE patients
from a single
cohort

Retrospective
cohort study

2004–
2019

94 (82 females, 12
males)

Lupus nephritis, platelets, CTX
treatment, mechanical ventilator

38.3 9

NOS Newcastle-Ottawa Scale, SLE systemic lupus erythematosus, CTX cyclophosphamide, APACHE II Acute Physiology, Age, and Chronic Health Evaluation, OSF
organ system failure, SLEDAI systemic lupus erythematosus activity index, SLAM systemic lupus activity measure, NA not available
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utilizing the random-effects model (P = 0.001, I2 =
76.9%), the pooled data showed the SLEDAI score was
not relevant to the outcome (SMD = 0.24, 95% CI (−
0.52, 0.99), P = 0.54) (Fig. 3d, Table 2).

Comparison of comorbidity and treatment
Infection, as a threatening comorbidity of DAH, was an-
alyzed in 6 studies with low heterogeneity. To determine
the relationship of infection with survival, the fixed-
effects model (P = 0.16, I2 = 37.5%) was used to analyze
the pooled data, and a significant higher incidence of in-
fection in the deceased group than the survivor group
was revealed (OR = 2.77, 95% CI (1.55, 4.95), P = 0.001)
(Fig. 4a, Table 2).
With regard to the treatment, based on the random-

effects model, the associations between the survival of
SLE-associated DAH and the treatment of CTX or
intravenous immunoglobulin (IVIG) were found non-
remarkable (OR = 0.74, 95% CI (0.16, 3.41), P = 0.70 and
OR = 1.28, 95% CI (0.24, 6.87), P = 0.78) (Fig. 4b, c,
Table 2). Further, five studies with no heterogeneity
were pooled for evaluating the relationship of plasma-
pheresis and survival. Surprisingly, a higher rate of
plasmapheresis application was revealed in the deceased
group compared with the survivor group (OR = 1.96,
95% CI (1.04, 3.70), P = 0.038) (Fig. 4d, Table 2). Finally,
mechanical ventilation as a rescue support for hypox-
emia which could develop from severe DAH had been
assessed in a total of 8 studies, and the pooled data re-
vealed a higher frequency of mechanical ventilation in
the deceased group than in the survivor group using the
fixed-effects model (OR = 6.11, 95% CI (3.27, 11.39), P <
0.0001) (Fig. 4e, Table 2).

Sensitivity analysis
Sensitivity analysis was conducted by deleting a single
study each time to observe the influence of each study
on the overall analysis of outcome. For the level of plate-
let, sensitivity analysis suggested that “Kwok 2011” was
the primary cause of the heterogeneity for the pooled
data (I2 = 67% vs. I2 = 0.0%), and omitting this study
changed the significance of the pooled results (P = 0.32
vs. P < 0.0001) (Additional file 2). For the occurrence of
LN, sensitivity analysis suggested that “Badsha 2004” was
the primary cause of the heterogeneity for the pooled
data (I2 = 58% vs. I2 = 0.0%), and omitting this study
changed the significance of the pooled results (P = 0.16
vs. P = 0.006).

Publication bias
Funnel plot and Begg’s test were used to evaluate publi-
cation bias. There was no obvious funnel plot asymmetry
(Additional file 3). The P value of Begg’s test was > 0.05,
indicating that publication bias was not evident in our
meta-analysis.

Discussion
As a catastrophic clinical syndrome capable of inducing
respiratory failure, DAH has various etiology such as in-
fections, systemic autoimmune diseases, transplantation,
and medicine [16]. DAH occurs in 0.6–5.7% of patients
with SLE admitted to the hospital and may present as
the initial manifestation in 10–20% of cases [3, 17, 18].
Pulmonary capillaritis is considered as the underlying
pathology. The deposition of immune complexes and
the activation of complement within the lungs are cen-
tral to the development of parenchymal disease in SLE

Fig. 2 Forest plots of demographic features and clinical characteristics in SLE-associated DAH. a Age. b The female group. c Disease duration. d
Lupus nephritis. e NPSLE. SLE, systemic lupus erythematosus; DAH, diffuse alveolar hemorrhage; OR, odds ratios; SMD, standardized mean
difference; NPSLE, neuropsychiatric lupus erythematosus
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[19]. The reported mortality of SLE-associated DAH was
as high as 85.7%, and cohort studies have been carried
out to investigate the risk factors for poor outcome, but
the results were inconsistent and no agreement has been
reached so far. In this study, we conducted a meta-
analysis to estimate the prognostic factors of SLE-
associated DAH. Although studies meeting the strict eli-
gibility criteria were limited and heterogeneity existed,
this is the first study providing comprehensive informa-
tion on the survival of patients with SLE-associated
DAH based on current prognostic cohort studies. In this
meta-analysis with pooled data, older age at DAH occur-
rence, longer lupus disease duration, application of
mechanical ventilation, and plasmapheresis utilization
were found associated with mortality, whereas no notice-
able relationships were revealed between survival and
gender, concurrent LN, or treatment of CTX or IVIG.

It has been reported that a 10-year survival rate of
late-onset SLE was poorer than that of early-onset SLE
[20], indicating the possible contribution of age at diag-
nosis for mortality. We found a statistically significant
difference with respect to age in the pooled data, with an
older age at diagnosis in the deceased group on average
than in those who survived. Additionally, our study sug-
gested that longer lupus disease duration was associated
with increased mortality while gender was not. Three
enrolled studies addressed concurrent LN. LN, often
presenting as acute glomerulonephritis, when compli-
cated with DAH, can be considered as pulmonary renal
vasculitis syndrome which heralds the requirement of
urgent, aggressive therapy [21]. LN is used to be consid-
ered a poor prognostic factor for SLE [8], but our pooled
data revealed no noticeable relationships between LN
and poor survival in SLE-DAH. Explanations could be

Table 2 Meta-analysis results for included studies of the relationship between risk factors and mortality in SLE-associated DAH
patients

Variables No. of
studies

Number of
enrolled episodes

Effects
model

I2

(%)
OR/SMD
(95%CI)

P values Relationship Publication bias
(P value of Begg’s test)

Demographic and clinical characteristics

Age 7 243 Fixed 0.0% 0.35 (0.08, 0.61) 0.010 Increased
risks

None (1.000)

Female 4 189 Fixed 42.6% 0.69 (0.31, 1.54) 0.369 No
association

None (0.734)

Disease duration 6 226 Fixed 0.0% 0.28 (0.01, 0.55) 0.042 Increased
risks

None (0.260)

Lupus nephritis 3 140 Random 58.4% 5.45 (0.52, 56.95) 0.160 No
association

None (0.296)

NPSLE 3 124 Fixed 42.2% 0.96 (0.43, 2.15) 0.920 No
association

None (1.000)

Laboratory data and disease activity

Platelet 6 219 Random 69.1% − 0.29 (− 0.86,
0.29)

0.328 No
association

None (0.260)

Drop of
hemoglobin

5 202 Random 57.5% 0.34 (− 0.17,
0.85)

0.190 No
association

None (0.806)

C3 3 132 Random 77.0% 0.48 (− 0.51,
1.46)

0.340 No
association

None (1.000)

SLEDAI 6 186 Random 76.9% 0.24 (− 0.52,
0.99)

0.540 No
association

None (1.000)

Comorbidity and treatment

Infection 6 223 Fixed 37.5% 2.77 (1.55, 4.95) 0.001 Increased
risks

None (0.260)

CTX treatment 6 224 Random 75.5% 0.74 (0.16, 3.41) 0.700 No
association

None (1.000)

IVIG treatment 3 175 Random 61.2% 1.28 (0.24, 6.87) 0.780 No
association

None (0.296)

Plasmapheresis 5 167 Fixed 14.6% 1.96 (1.04, 3.70) 0.038 Increased
risks

None (0.806)

Mechanical
ventilation

8 262 Fixed 23.3% 6.11 (3.27, 11.39) < 0.0001 Increased
risks

None (1.000)

SLE systemic lupus erythematosus, DAH diffuse alveolar hemorrhage, OR odds ratios, SMD standardized mean difference, NPSLE neuropsychiatric lupus
erythematosus, C3 complement 3, SLEDAI systemic lupus erythematosus disease activity index, CTX cyclophosphamide, IVIG intravenous immunoglobulin

Jiang et al. Arthritis Research & Therapy           (2021) 23:57 Page 6 of 10



that DAH itself can lead to high mortality, far faster exceed-
ing what LN can contribute; thus, the “add-on” of LN
makes no difference. Another possibility is that limited
numbers of studies and relatively small sample size have
brought bias. Notably, though sensitivity analysis suggested
that excluding “Badsha 2004,” a primary cause of the

heterogeneity for the pooled data, could change the signifi-
cance of LN in the pooled results (P = 0.16 vs. P = 0.006),
deletion of this study may reduce the degree of confidence
with only two remaining studies enrolled. More studies and
a larger sample size concerning this issue may help identify
the role of LN in the outcome of SLE-DAH.

Fig. 3 Forest plots of laboratory data and disease activity in SLE-associated DAH. a The level of platelet. b Drop of hemoglobin. c C3. d SLEDAI.
SLE, systemic lupus erythematosus; DAH, diffuse alveolar hemorrhage; SMD, standardized mean difference; C3, complement 3; SLEDAI, systemic
lupus erythematosus disease activity index

Fig. 4 Forest plots of comorbidity and treatment in SLE-associated DAH. a Infection. b CTX treatment. c IVIG treatment. d Plasmapheresis. e
Mechanical ventilation. SLE, systemic lupus erythematosus; DAH, diffuse alveolar hemorrhage; OR, odds ratios; CTX, cyclophosphamide; IVIG,
intravenous immunoglobulin
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Severe thrombocytopenia can cause bleeding, aggra-
vating hypoxemia and blood-loss anemia in DAH.
Thrombocytopenia has been identified as a harmful
prognostic factor in several enrolled studies [7, 10], but
the pooled data did not reach the same conclusion and
the level of platelet seemed unrelated to mortality. Not-
ably, sensitivity analysis suggested that one of the pooled
studies, “Kwok 2011,” was the primary source of the het-
erogeneity in pooled data (I2 = 67% vs. I2 = 0.0%), and
excluding this single study changed the significance of
the pooled results (P = 0.32 vs. P < 0.0001). Nonetheless,
in studies grading according to the quality of selection,
comparability, and outcome of study participants, the
Newcastle-Ottawa Assessment Scale of “Kwok 2011”
turned out to be excellent so as not removed from the
pooled analysis. The small scale of this study may
account for this divergent laboratory data. Further,
large-scale prognostic studies are warranted to identify
the contribution of platelet to the outcome of DAH.
Acute drop of hemoglobin may indicate severe disease
progression of DAH but may not always match due
to possible confounders like hemolytic anemia and
inflammation-associated anemia [10]. Similar with the
conclusions proposed by most cohorts [4–7, 10], our
study suggested that the drop of hemoglobin was not
a prognostic factor for mortality. However, without
specific information about the baseline hemoglobin
and the time span for the drop of hemoglobin in
these cohorts, this result should be interpreted cau-
tiously. Interestingly, SLEDAI and C3, related to SLE
activity, were not identified as predictors of mortality
in SLE-associated DAH cohorts. However, due to the
significant heterogeneity of these factors, further veri-
fications are needed.
Due to the potent immunosuppressive drugs and im-

mune disturbances of lupus itself, infection is very com-
mon in patients with SLE and is regarded as the top
cause for mortality in SLE [22, 23]. Blood, filled in the
alveolar spaces in a patient with DAH, is a favorable
medium for bacteria growth, which increases the risk of
infection. In addition, infection will complicate the situ-
ation of DAH and make treatment more formidable. As
shown in our study, infection was a crucial and fatal fac-
tor for prognosis in SLE-associated DAH. Thus, preven-
tion, detection, differentiation and elimination of
infections in the whole course of DAH are of essential
importance. This underscores the necessity of evaluation
of the risk-benefit of intensive immunosuppressive ther-
apy and justifies anti-infection treatment whenever there
is a suspicion. Not surprisingly, mechanical ventilation
has been suggested to associate with increased mortality
in SLE-associated DAH [5–8, 10]. Though mechanical
ventilation can increase the risk of iatrogenic injury, the
requirement of mechanical ventilation itself is usually

the sign of most severe illness in clinical practice. The
association between mechanical ventilation and the out-
comes is unlikely causative, instead, may just reflect the
disease severity.
No prospective randomized controlled trials have been

implemented to verify the association of treatment mo-
dalities and the outcome of DAH in SLE. Nevertheless,
high doses of glucocorticoids are generally accepted as
the cornerstone in treating SLE-associated DAH for de-
cades [24]. As previously reported in cohort studies,
both the “usage of intravenous glucocorticoids” and
“pulse of methylprednisolone” have been analyzed as
non-significant on survival [5, 8, 10]. The wide-spread
application of glucocorticoids in patients with DAH may
account for this. Furthermore, Barile et al. once sug-
gested that patients who received aggressive pulses of
methylprednisolone (4–8 g of total dose) had a better
survival than those with conventional pulses of methyl-
prednisolone (3 g in total) [25].
Cyclophosphamide, an immunosuppressor commonly

suggested in severe lupus, was reported being used in
approximately half of the lupus patients with DAH [26].
However, the association of CTX with survival hasn’t
been confirmed in this meta-analysis. Sensitivity analysis
revealed that this pooled survival data was stable. But
the contradictory conclusions have been given in differ-
ent studies with an unfavorable effect of CTX on
survival suggested by one early study (e.g., Zamora et al.
[3]), in contrast to the favorable effect of CTX suggested
by a recent study (e.g., Sun et al. [10]). The advances in
the care of critically ill patients and better control of
CTX utilization in recent years may explain the conflict-
ing results [26].
Plasmapheresis can remove pathogenic autoantibodies

and immune complexes from circulation [27] and was
used in about 5.9~66.6% SLE-associated DAH as re-
ported [18]. However, unlike the agreement on its defin-
ite efficacy in Goodpasture’s syndrome [28], its efficacy
in patients with SLE-associated DAH is controversial.
Although one case-series study once demonstrated
plasmapheresis as an effective treatment in DAH in the
1990s [29], later increasing studies indicated that
plasmapheresis did not improve survival [3, 6, 10]. The
authors speculated the lack of efficacy of plasmapheresis
could be either because autoantibodies and immune
complex may not the main etiology of perpetuating
DAH or because the pathogenic antibodies have bound
to the alveolar membrane and precipitated in tissue thus
unremovable by this treatment [26]. Subsequently, Kim
et al. even found that plasmapheresis could be a risk fac-
tor for poor outcome in SLE-associated DAH patients
[8]. Notably, in clinical practice, plasmapheresis is more
constantly applied to patients with refractory or severe
diseases [17, 29], especially in those who inadequately
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respond to a high-dose pulse of corticosteroid and cyclo-
phosphamide therapy [30], which may itself relate to
poor survival. Still, rheumatologists should be reminded
of the appropriate usage of plasmapheresis. According to
the registry of the World Apheresis Association, in pa-
tients with autoimmune diseases, the rate of adverse
events of apheresis could reach more than 10% [31].
And related complications derived from invasive proce-
dures such as bleeding or catheter-related infections
should be monitored and tightly controlled [32].
Several limitations existed in this study. So far, pro-

spective random controlled studies addressing this issue
are lacking, so enrolled studies are primarily of retro-
spective design. The heterogeneity across enrolled stud-
ies is another limitation, which partly derived from lupus
heterogeneity itself and partly derived from the small
scale of this study. Due to limited numbers of studies
and insufficient information provided by the original ar-
ticles, subgroup analyses are not performed to trace the
heterogeneity origin. Sensitivity analysis suggested some
particular study like “Kwok 2011” could change the sig-
nificance of the pooled results on the level of platelet,
alerting us of possible bias. Moreover, we are unable to
investigate the influence of glucocorticoids usage on sur-
vival with pooled data, due to the various evaluation
methods of its usage in enrolled studies. A larger scale
of studies and more investigations are needed for identi-
fying the prognostic indicators of SLE-associated DAH
in the future. Also, randomized trials are warranted to
identify the benefits of aggressive therapies like plasma-
pheresis and to determine the most efficacious
strategies.

Conclusions
DAH is a rare but life-threatening complication of SLE.
Our meta-analysis suggested that older age at DAH
diagnosis, longer lupus disease duration, concurrent in-
fection, plasmapheresis treatment, and the application of
mechanical ventilation were related to poor survival in
patients with SLE-associated DAH, which should attract
greater clinical attention and be taken into consideration
for treatment calibration.
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