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Successful Use of Extracorporeal Membrane Oxygenation in Diffuse  
Alveolar Hemorrhage Secondary to Systemic Lupus Erythematosus

Gyu Ho Choi, M.D., and Mi Il Kang, M.D.

Division of Rheumatology, Department of Internal Medicine, Dankook University Medical College, Cheonan, Korea

Diffuse alveolar hemorrhage (DAH) is an uncommon complication in patients with systemic lupus erythematosus (SLE), and mortality 
remains high. In recent years, cases of DAH due to SLE treated with extracorporeal membrane oxygenation (ECMO) have rarely been 
reported. The authors present a case of a 43-year-old woman with SLE who had rapidly aggravating dyspnea and hemoptysis. She 
was diagnosed as having DAH with refractory respiratory failure and was successfully managed with veno-venous ECMO. We propose 
ECMO as a useful salvage therapy in patients with alveolar hemorrhage secondary to SLE who are failing conventional ventilatory 
support.
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■ Case Report ■

Diffuse alveolar hemorrhage (DAH) is a rare, life-threatening complication of systemic lupus erythematosus (SLE).[1] 
Depending on the study, DAH has been reported to complicate 2-5% of all cases of SLE; the reported mortality rate is 
between 23 and 92%.[2] The survival rate for pulmonary hemorrhage caused by SLE is very low when it leads to acute 
hemoptysis with respiratory failure and hemodynamic instability. Need for mechanical ventilatory support, high Acute 
Physiology and Chronic Health Evaluation II scores, thrombocytopenia and renal insufficiency are factors related to 
increased mortality in patients with DAH caused by SLE.[3] In spite of recent advances in anti-inflammatory therapy in 
SLE, mortality in patients with DAH has not improved under conventional treatments.[4] Recently, the use of extracor-
poreal membrane oxygenation (ECMO) as rescue therapy for refractory hypoxemia secondary to DAH caused by SLE 
has been reported in a few cases around the world.[5,6] ECMO has been used to manage patients with severe respiratory 
failure. It has been previously used in the context of DAH secondary to various vasculitis or auto-immune diseases. We 
report the first case of a patient with severe hypoxemic respiratory failure secondary to DAH from SLE who was suc-
cessfully treated with ECMO in South Korea.

Case Report

A 43-year old woman was admitted to the hospital with 
sudden-onset shortness of breath, cough and fever which 
developed 4 days ago. Approximately 1 week prior to pre-
sentation she was discharged from the hospital after under-
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going a diagnostic lymph node biopsy of the right axilla. 
She had no other medical problems except for axillary 
lymphadenopathy. The lymph node biopsy led to a diag-
nosis of atypical lymphoid hyperplasia. Initial work-up re-
vealed diffuse bilateral multifocal patch consolidations and 
a ground glass appearance in both lungs on chest X-ray im-
aging (Fig. 1A) and chest computed tomography (Fig. 1B). 
The patient received empiric IV vancomycin and pipericil-
lin/tazobactam for bacterial pneumonia as well as intrave-
nous (IV) methylprednisolone (62.5 mg/day) for atypical 
pneumonia or interstitial lung disease. Although undergo-
ing treatment, her dyspnea, hemoptysis fever, and chest 
radiograph worsened. She had an increase in oxygen 
demand and she complained of increased hemoptysis and 
persistent fever. On hospital day 10, results of laboratory 
test showed positivity for fluorescent antinuclear anti-
body of 1:1280 (speckled pattern), a low white blood cell 
count of 2,740 cells/mm3, a low hemoglobin count of 9.8 
g/dL, and a low platelet count of 70,000 cells/mm3. Other 
relevant labs included a positive anti-smith, positive anti-
ribonucleoprotein, and low complement C3 and C4 lev-
els. Based on these abnormal laboratory findings and the 
clinical manifestation, a diagnosis of SLE was reached. 

She was transferred to the rheumatology department for 
management of DAH caused by SLE and IV methylpred-
nisolone (1,000 mg/day) was administered for 3 days as 
well as IV immunoglobulin (400 mg/kg/day) for an ad-
ditional 5 days to minimize the risk of recurrent DAH. 
She developed worsening hypoxemic respiratory failure 
requiring rapid intubation and mechanical ventilator care 
in the intensive care unit. She underwent bronchoscopy 
to assess the diffuse pulmonary infiltrates seen on imag-
ing studies. Both airways exhibited edematous and ery-
thematous bronchial mucosa. The gross appearance with 
of the bronchoaveolar lavage fluid was compatible with 
diffuse alveolar hemorrhage.

The patient developed progressive hypoxic respira-
tory failure with increasing oxygen demand and required 
vasopressor infusion due to persistently low blood pres-
sure. Despite various protective ventilator mode adjust-
ments for acute respiratory distress syndrome to improve 
the oxygenation, a fraction of inspired oxygen (FiO2) of 
1.0, and 22 cmH2O of positive end-expiratory pressure, 
hypoxemia worsened and oxygen saturation was consis-
tently below 63%. Arterial blood gas analysis at that time 
showed pH 7.22, PaCO2 41 mmHg, PaO2 48 mmHg, and 

Fig. 1. (A) Chest radiography at the time of hospitalization. Initial chest radiography shows multifocal patchy consolidations in both 
lungs. (B) Initial chest computed tomography. Chest computed tomography scan shows bilateral multifocal patchy consolidations and 
ground glass appearance with mild interlobular septal thickening and air-bronchograms in both lungs.
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O2 saturation of 73%. Her clinical deterioration required 
an alternate mode of oxygenation as a rescue therapy. 
Therefore VV ECMO (Maquet Rotaflow Centrifugal 
Pumps with Quadrox-D oxygenators, Maquet, Rastatt, 
Germany) was initiated. A 18-French Fem-Flex II cannu-
la (Edwards Lifesciences, Irvine, CA, USA) was inserted 
in the right internal jugular vein and was used as the 
return. A 19-French Bio-medicus cannula (Medtronic In-
corporated, Minneapolis, MN, USA) was inserted in the 
right femoral vein and used as the drain (Fig. 2). ECMO 
was started after the catheters had been inserted. Initially, 
the oxygen fraction, sweep gas flow rate, and average 
flow rate of VV-ECMO were 100%, 3.6 L/min, and 3.7 
L/min, respectively. Subsequently, saturation measured 
on pulse oximetry rose quickly to over 99% after extra-
corporeal circulation began. A lung protective ventilation 
strategy was employed.

Unfractionated heparin for systemic anticoagulation 
was given at the lower dosage. It was started gradually 
to titrate the activated clotting time (ACT) to between 
140 and 160 seconds for 24 hours and then increased to 

maintain the ACT between 180-200 seconds. The reg-
istered activated partial thromboplastin time fluctuated 
between 38-55 seconds. No secondary bleeding occurred 
and there were no subsequent thrombotic complications. 
After ECMO was performed, a small amount of bleeding 
was observed with endobronchial suction. Procalcitonin 
and C-reactive protein levels were elevated. Because 
infection was not excluded, the patient received empiric 
therapy with broad spectrum antibiotics, immunosup-
pressive drugs such as cyclophosphamide were avoided, 
and plasmapheresis was performed to reduce inflamma-
tion related to highly active SLE.

ECMO was continued for 8 days. She recovered and 
was successfully extubated after 13 days of mechanical 
ventilation. At the time of discharge, the patient could 
breathe normally on room air and had no neurological se-
quelae (Fig. 3). The patient was discharged from the hos-
pital on oral prednisolone (50 mg/day) and she received 
IV cyclophosphamide administered every two weeks at 
an outpatient clinic.

Fig. 2. Chest radiography after the initiation of extracorporeal 
membrane oxygenation (ECMO). Chest radiography immediately 
after the initiation of ECMO shows more aggravated bilateral al-
veolar infiltrates than seen on prior imaging studies.

Fig. 3. Chest radiography prior to discharge. Chest radiography 
was performed prior to discharge and shows improvement in 
both lungs.
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Discussion

We report the first case of ECMO in the setting of DAH 
secondary to SLE disease flare-up in Korea. DAH caused 
by SLE is scarce and life-threatening complication and 
sudden-onset dyspnea is the most consistent symptom.
[7] The incidence of hemoptysis varies between 25 and 
100%, and the appearance of new-onset pulmonary in-
filtrates in both lungs and drops in hemoglobin may in-
dicate DAH when hemoptysis is absent.[7] Death results 
from respiratory failure due to massive DAH in most 
patients despite treatment with pulsed methylpredniso-
lone or other immunosuppressants. However, immediate 
institution of ECMO could increase oxygenation and it 
makes it possible for the patient to withstand flare-ups of 
SLE as a bridge therapy, as seen in our case.[5,6] In re-
cent years, there are reports of ECMO as a useful salvage 
therapy for refractory respiratory failure in patients with 
DAH caused by SLE.[5,6]

ECMO is generally used as rescue therapy for cases 
where conventional ventilation and hemodynamic sup-
port measures have failed to improve the patient’s clini-
cal condition. Formal indications for ECMO are severe 
hypoxemia with a PaO2/FiO2 of < 100 mmHg despite 
optimal ventilator settings or an alveolar arterial gradient 
of more than 600 mmHg in the absence of cardiogenic 
pulmonary edema or hypercapnia with a pH of less than 
7.20.[8]

ECMO is contraindicated in cases of irreversible re-
spiratory or cardiac disease. The case we describe in-
volved acute respiratory failure that did not respond to 
conventional ventilatory support. Given the patient’s 
age and her potentially reversible underlying conditions 
(severe flare-up of SLE and systemic infection), she was 
a candidate for veno-venous ECMO. Complications of 
ECMO include thromboembolism, local infection and, 
less commonly, technical problems related to cannula-
tion.[8] Complications such as hemorrhage often result 
from the need for systemic anticoagulation with heparin 
in order to prevent thrombosis. For this reason, ECMO is 
often relatively contraindicated in patients at high risk of 

bleeding.
Patients with DAH also are particularly vulnerable to 

increased bleeding risk. Despite the increased risk of 
ECMO circuit thrombosis, heparin for anticoagulation 
therapy should be withheld initially due to hemorrhage 
risk until hemostasis is achieved. Advanced ECMO cir-
cuit and oxygenation membrane technology can be used 
for short periods without anticoagulation.[9] Once hemo-
stasis is achieved, systemic anticoagulation therapy with 
heparin should be started to reduce the risk of thrombosis 
in the ECMO circuit and oxygenation membrane. In this 
case of SLE-induced DAH,[6] systemic anticoagulation 
was initiated upon the installation of ECMO. There were 
no hemorrhagic complications related to ECMO.

In one case series of pediatric patients with DAH sec-
ondary to multiple baseline pathologies, patients were 
anticoagulated, although at slightly lower clotting time 
levels, and they did not have hemorrhagic complications.
[10] Pediatric patients with severe respiratory failure due 
to DAH can be successfully treated with ECMO with 
a continuous heparin drip at the targeted ACT range of 
160-180 seconds.[10] Using anticoagulation with the 
lower standard clotting time parameters reported in this 
case should be considered in adult patients with DAH.

ECMO is good choice for rescue therapy in the set-
ting of severe respiratory failure in alveolar hemorrhage 
caused by SLE. When patients with refractory hypox-
emia are not responsive to conventional ventilation 
strategies, ECMO can improve oxygenation and may im-
prove the clinical outcomes of pulmonary hemorrhage. 
The use of ECMO may reduce further lung injury related 
to high airway pressure and oxygen toxicity while allow-
ing more time for aggressive anti-inflammatory therapy.
[9] When inflammation regulation against SLE is started 
immediately, these interventions should be successful. 
The treatment strategy for DAH caused by SLE in adults 
is combination therapy using high-dose glucocorticoids 
and cytotoxic drug such as IV cyclophosphamide[11] and 
plasmapheresis.[12] As in our case, simultaneous use of 
ECMO and plasmapheresis has a advantage for sharing 
vascular access and has been applied for fatal alveolar 
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hemorrhage secondary to other connective tissue dis-
eases.[13] 

Because of the rarity of this fatal condition of DAH 
caused by SLE, there are no standard treatment guide-
lines. In addition to, an agreement for the optimal target 
level of systemic anticoagulation for patients with severe 
alveolar hemorrhage should be determined. Multi-insti-
tutional trials and data collection are needed to establish 
whether ECMO as a rescue therapy confers better sur-
vival outcomes in patients with DAH caused by SLE; in 
addition, development of safe strategies for anticoagula-
tion in these patients is warranted.
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