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Abstract: Extracorporeal membrane oxygenation (ECMO) is increasingly applied in adults 

with acute refractory respiratory failure that is deemed reversible. Bleeding is the most frequent 

complication during ECMO support. Severe pre-existing bleeding has been considered a con-

traindication to ECMO application. Nevertheless, there are cases of successful ECMO applica-

tion in patients with multiple trauma and hemorrhagic shock or head trauma and intracranial 

hemorrhage. ECMO has proved to be life-saving in several cases of life-threatening respiratory 

failure associated with pulmonary hemorrhage of various causes, including granulomatosis with 

polyangiitis (Wegener’s disease). We successfully applied ECMO in a 65-year-old woman with 

acute life-threatening respiratory failure due to diffuse massive pulmonary hemorrhage secondary 

to granulomatosis with polyangiitis, manifested as severe pulmonary-renal syndrome. ECMO 

sustained life and allowed disease control, together with plasmapheresis, cyclophosphamide, 

corticoids, and renal replacement therapy. The patient was successfully weaned from ECMO, 

extubated, and discharged home. She remains alive on dialysis at 17 months follow-up.

Keywords: ECMO, ARDS, polyangiitis, granulomatosis, hemorrhage

Introduction
Extracorporeal membrane oxygenation (ECMO) is used to preserve life in acute (de 

novo or decompensation of chronic) cardiac and/or respiratory failure, when optimal 

conventional therapy fails. Offering temporary support, veno-arterial ECMO is used 

in cardiac or cardiorespiratory failure, while veno-venous (VV) ECMO is used in 

respiratory failure without cardiac compromise. Respiratory ECMO is almost uniformly 

used as a bridge to recovery, thus it is indicated only when the respiratory failure is 

deemed reversible, while treatment of the underlying disease is essential.1–11

According to the Extracorporeal Life Support Organization (ELSO)12 General 

Guidelines, ECMO treatment is considered when the expected mortality with 

conventional treatment is higher than 50% and is usually indicated when it is higher 

than 80%.

According to the 2004 ELSO Registry Report,1 ECMO had been mainly applied 

for neonatal respiratory failure (with 77% survival to discharge or transfer), while the 

adult respiratory group was the smallest group treated with ECMO, having a survival 

to discharge of 53%. After the encouraging results of the randomized CESAR (Con-

ventional ventilation or ECMO for Severe Adult Respiratory failure) trial2 and the 

ECMO treatment for acute respiratory failure associated with the influenza A H1N1 
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viral infection, ECMO application for adult respiratory 

failure has been tremendously increased.9 According to the 

ELSO12 International Summary (January 2013), the adult 

respiratory ECMO cases outnumber the adult cardiac cases 

and have a survival to discharge or transfer of 55%. In our 

hospital the ratio of adult respiratory versus adult cardiac 

cases is 10:1.

Wegener’s granulomatosis (WG), renamed “granu-

lomatosis with polyangiitis” (GPA), is an antineutrophil 

cytoplasmic autoantibody (ANCA)-associated vasculitis, 

characterized by multifocal vascular necrotizing inflamma-

tion and granulomas. Genetic and microbial factors may 

play a role in induction and expression of the autoimmune 

process. GPA is a multisystem disease that can affect any 

organ/system, having a variable clinical presentation. 

Nevertheless, it is most frequently manifested as small vessel 

vasculitis affecting the upper and lower respiratory tract and 

the kidneys. In ANCA-associated vasculitis, including GPA, 

alveolar hemorrhage, and concomitant glomerulonephritis 

causing renal insufficiency (pulmonary-renal syndrome) are 

associated with high mortality.5,7–11,13–22

Case report
A 65-year-old woman was transferred from an associ-

ated hospital (after 2 days of hospitalization) with acute 

renal and respiratory failure after repeated episodes of 

hemoptysis.

She had been treated for chronic sinusitis the year before, 

had history of gross hematuria for 16  days, and repeated 

hemoptysis the 2  days before admission to our hospital. 

Lesions characteristic of GPA were found on nasal endo

scopy, fresh blood originating from all segmental orifices was 

revealed on two bronchoscopies. Massive bilateral pulmonary 

opacities, consolidations attributed to alveolar infiltrations, 

and a few small cavitary lesions were revealed on computed 

tomography, which were performed at the referring hospital 

(Figure 1A, B, and Figure 2). Therefore the first prednisolone 

pulse of 500 mg intravenous (IV) was given in the referring 

hospital.

The gross hematuria was followed by severe oliguria 

and periods of anuria. Numerous erythrocytes containing 

approximately 20% acanthocytes were revealed in the uri-

nary sediment, as well as red blood cell casts. The creatinine 

rapidly increased in the 48 hours after the first episode of 

hemoptysis, being 5.9 mg/dL on admission to our hospital. 

The diagnosis of rapidly progressive glomerulonephritis was 

made based on clinical observations.

Her respiratory function continued to deteriorate. She 

became progressively dyspneic, and after the first night on 

referral, became tachypneic. Furthermore, she was severely 

Figure 1 Chest computed tomography on admission showing bilateral opacities attributed to alveolar infiltrations as well as a few small cavitary lesions. (A) left lung,  
(B) right lung.
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desaturated (PaO
2
 49 mmHg), and was fitted with a face mask 

with 10 liters of oxygen per minute. She had up to 30 episodes 

of hemoptysis daily for 3 consecutive days. She was semi-

electively intubated the day after her admission.

The first 3 hours after intubation, 200 mL/hour of blood 

was suctioned from the endotracheal tube. On repeated 

bronchoscopies, there was continued massive diffuse bleed-

ing, originating from all segmental orifices (more prominent 

on the right side). The ventilator settings had to be elevated 

(biphasic positive airway pressure) from 28/10 cm H
2
O to 

35/15 cm H
2
O, with steadily reduced inspiratory to expiratory 

ratio, resulting in ratios near to 1:1. Fractional inspired oxygen 

was increased from 60% to 100%, but hypoxemia persisted 

(PaO
2
 52.4  mmHg before ECMO initiation). Continued 

hemoptysis resulted not only in reduced alveolar diffusion 

capacity but also in repeated airway obstruction. Despite severe 

respiratory compromise, she remained hemodynamically 

stable, with good ventricular function on echocardiography, 

and without requirement of inotropes and/or vasoconstrictors. 

Twelve hours after intubation, her Horowitz-index was 50, and 

a VV-ECMO by the Cardiohelp System of Maquet (MAQUET 

Cardiopulmonary AG, Hirrlingen, Germany), including the 

HLS Set Advanced 5.0 (MAQUET Cardiopulmonary AG, 

Hirrlingen, Germany) for application of a maximal flow of 

5 L/minute, was semi-electively inserted percutaneously, with 

inflow cannula to right femoral vein (21 catheter) and outflow 

cannula to the right internal jugular vein (19 catheter). The 

ECMO flow was initially set to 4 L/minute, biphasic positive 

airway pressure and fractional inspired oxygen levels were 

drastically decreased, while blood gases were dramatically 

improved (Table 1). Because of high ANCA levels (proteinase 

3-ANCA 150 U/mL; normal lab range ,4 U/mL), the pres-

ence of acanthocytosis with red blood cell casts, together with 

acute renal failure and diffuse hemorrhagic alveolar infiltrates, 

the diagnosis of GPA presenting as pulmonary-renal syndrome 

was made. Additionally, both anti-double-stranded DNA 

antibodies and anti-glomerular-basement antibodies were 

negative, making both lupus erythematodes and Goodpasture’s 

syndrome improbable.

Immunosuppression with prednisolone (500 mg IV daily) 

that had been started at the referring hospital was continued 

and supported by plasmapheresis to reduce the level of ANCA-

autoantibodies after inserting a Shaldon catheter into the left 

jugular vein 9 hours before ECMO initiation. Because of anuria 

and fluid overload, continuous VV hemofiltration through the 

Shaldon catheter was started during the first 24 hours of ECMO 

2 3 4 51

7 8 9 106

12 13 14 1511

Figure 2 Sequential dates of radiographic presentation.
Notes: (1) September 9, 2011, (2) September 10, 2011, (3) September 11, 2011, (4) September 13, 2011, (5) September 14, 2011, (6) September 15, 2011, (7) September 16, 
2011, (8) September 17, 2011, (9) September 19, 2011, (10) September 23, 2011, (11) September 24, 2011, (12) September 26, 2011, (13) September 30, 2011, (14) October 7, 
2011, (15) October 10, 2011.
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support in order to replace the missing kidney function. As 

cyclophosphamide is removed by hemofiltration pulse, cyclo-

phosphamide was delayed until day 2, following the second 

plasmapheresis and the second hemofiltration.

To reduce the risk of bleeding, citrate was used as anti-

coagulation regimen for plasmapheresis, which enabled an 

intracorporeal activated clotting time (ACT) of 160–200, 

without changes in systemic coagulation. For the same rea-

sons, citrate hemofiltration with neutralization of systemic 

citrate by calcium perfusion was used for the first and second 

hemofiltration. Later, heparin was used for the following two 

hemofiltrations, but due to suspected heparin-induced throm-

bocytopenia type II, argatroban was adapted thereafter with a 

targeted ACT range between 160–200. The length of hemo-

filtration was limited to approximately 5 to 6 hours to reduce 

the risk of bleeding. No anticoagulation was administered 

during ECMO, except the registered ACT fluctuated between 

160–200 and activated partial thromboplastin time (aPTT) 

between 41–66 seconds. The platelet count fluctuated between 

38,000–245,000 uL. Platelets were transfused with counts 

decreasing below 50,000 uL during ECMO (Table 2).

Hemoptysis progressively decreased and stopped 6 days 

after ECMO initiation. Clinical, radiological, bronchoscopi-

cal, and laboratory findings showed progressive improve-

ment that allowed ECMO weaning and discontinuation after 

10 days of support, and extubation on the following day, after 

11 days of mechanical ventilation. The weaning process is 

described in (Table 1).

Continuous VV hemofiltration was continued daily for 

20 days, and replaced by hemodialysis three times a week due 

to terminal renal failure. Plasmapheresis was performed daily 

for 15 days (with administration of 31 units of fresh frozen 

plasma) and continued every second day for 21 more days 

(with administration of human albumin 4.2%), effectively 

reducing the proteinase 3 titers.

The patient made a remarkable recovery, maintained good 

respiratory function, and was discharged home after 46 days 

of hospitalization and chronic dialysis.

Pulse cyclophosphamide was administered for a total of 

3 months, up to a total dose of 4.73 gm, followed by aza-

thioprine (100 mg orally, daily) and prednisolone (tapered 

to 5 mg orally daily). At 17 month follow-up, she had no 

relapses maintaining good respiratory function.

Discussion
ECMO requires systemic anticoagulation with continuous 

heparin infusion to maintain an ACT of about 1.5 times that 

of normal. Bleeding is the most common complication during 
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ECMO support, attributed to anticoagulation and thrombo-

cytopathia that are accelerated by the oxygenator-related 

blood trauma. The risk of systemic bleeding with antico-

agulation is a relative contraindication to ECMO.3,5,9,11,12,23 

Furthermore, preexisting severe bleeding has been considered 

a contraindication.5,9,24,25 Nevertheless, good results have 

been reported in ECMO recipients with severe respiratory 

failure associated with trauma and hemorrhagic shock,24 

intracranial bleeding,25 and severe pulmonary bleeding of 

various causes.4–11,17–22

In 1994, Siden et al reported ECMO application in four 

cases of acute, severe pulmonary hemorrhage in infancy.26 

Kolovos et al,4 in 2002, reported 100% survival with VV or 

vino-arterial ECMO in a case series of nine children with severe 

acute respiratory failure caused by pulmonary hemorrhage 

secondary to sepsis or autoimmune diseases including GPA. 

Reviewing the ELSO database they reported 72% and 67% sur-

vival among 18 neonates and three children, respectively, who 

received ECMO for the treatment of pulmonary hemorrhage. 

Subsequently, ECMO has been successfully applied to children 

with severe respiratory failure due to pulmonary hemorrhage 

secondary to idiopathic pulmonary hemosiderosis,27 fulmi-

nant Wilson disease,28 nodose polyarteritis,29 Goodpasture’s 

syndrome,6 and ANCA-related vasculitis, including severe 

microscopic polyangiitis,5,8 and GPA.7,9

ECMO has been successfully applied to adults with 

respiratory failure due to pulmonary hemorrhage attributed 

to various causes, including autoimmune vasculitis. There are 

case reports of successful ECMO application to adults 

with refractory life-threatening respiratory failure due to 

warfarin-exacerbated diffuse alveolar hemorrhage,30 massive 

pulmonary hemorrhage after lobar lung transplantation,31 

massive lung bleeding with airway blood clot obstruction 

after pulmonary endarterectomy,32,33 pulmonary hemorrhage 

related with right middle lobe bronchiectasis,34 and diffuse 

alveolar hemorrhage after silicone embolism.35

There are several case reports of ECMO application 

in adult patients with refractory acute respiratory failure 

associated with severe pulmonary bleeding secondary 

to autoimmune vasculitis, including ANCA-associated 

vasculitis. Initial improvement and weaning from ECMO 

has been reported in an adult patient with Goodpasture’s-like 

pulmonary-renal syndrome, who subsequently died after 

rebleeding.36 There are at least seven case reports of VV 

ECMO applied to adults with acute refractory respiratory fail-

ure secondary to Wegener’s granulomatosis, most of which 

had severe preexisting pulmonary hemorrhage.11,18–22,37

Measures to normalize the coagulation status applied in 

ECMO recipients treated for pulmonary bleeding include 

reduced heparin administration, transfusions of platelets, 

fresh frozen plasma, and specific clotting factors according 

to deficiencies, and administration of ε-aminocaproic acid 

in fibrinolysis.3,5,9,12,23 Nafamostat mesylate as anticoagulant 

is also rarely reported.31,36 Heparin infusion to maintain 

an ACT of 160–1804,5 or 130–150 seconds (instead of the 

institutional standard of 180–220) and a modified ECMO 

circuit with two oxygenators placed in parallel (one primed 

in-line to allow quick change in case of clotting)9 have been 

reported in pediatric patients with pulmonary hemorrhage 

due to GPA.

Thrombo-resistant coated circuits (heparin-bonded, nitric 

oxide-treated)4 may allow withholding heparin for a period 

of time with less risk of clotting, particularly if flow is kept 

high. Initially, heparin-free or prolonged heparin-free ECMO 

has been applied in multiple trauma and intracranial bleeding 

patients, respectively.24,25 Heparin administration after the 

first 48 hours,11,21 initial heparin anticoagulation, and later 

conversion to lepirudin after complication by heparin induced 

thrombocytopenia20 have been reported in adult patients with 

pulmonary hemorrhage due to GPA.

ECMO proved life-saving in our patient. It maintained 

oxygenation necessary due to massive pulmonary hemor-

rhage obstruction and alveolar diffusion problems with 

less ventilator induced trauma, and it supported the patient 

until resolution of her respiratory failure, providing time 

for treatment and control of the underlying disease by plas-

mapheresis and immunosuppression. Thrombo-resistant 

circuits were used, and regional anticoagulation was 

Table 2 Citrate hemofiltration was started to reduce the risk of systemic anticoagulation

Day 1 2 3 4 5 6 7 8 →

Plasmaseparation Citrate Citrate Citrate Citrate Citrate Citrate Citrate Citrate →
Hemofiltration Citrate Citrate Heparin Heparin Argatroban Argatroban Argatroban →

↑ 
Decrease of 
hemoptysis

↑ 
Thrombocytopenia

Notes: Decreasing hemoptysis enabled a change to heparin on day 4. Because of developing thrombocytopenia hemofiltration was continued on argatroban. Plasmapheresis 
was administered with citrate as standard in our department. ↑, increased; →, ongoing treatment.
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administered to plasmapheresis. Systemic anticoagulation 

for hemofiltration was reduced to a minimum by either using 

citrate hemofiltration or by time restriction using heparin 

or argatroban with ranges of ACT between 160–200 and 

aPTT between 41–66 seconds. Pulmonary bleeding stopped 

completely within 6  days of ECMO support. There was 

minor extrapulmonary bleeding (eg, nose, insertion points 

of catheters) until day 8 after ECMO initiation and no clot-

ting complications.

ECMO application in adult respiratory failure has been 

questioned;38 nevertheless, it is gaining an increasing role,39 

and most contraindications to its use are becoming weaker. 

Respiratory ECMO is applied as a rescue therapy offering 

respiratory support to maintain life, as a bridge to recovery in 

reducing the ventilator-induced lung injury (oxygen toxicity 

and barotrauma) and allowing pulmonary rest,4,9 as a sup-

portive therapy providing time for diagnosis and treatment of 

the underlying causative disease until its control or resolution, 

and rarely as a bridge to lung transplantation.40,41 ECMO treat-

ment in respiratory failure associated with severe pulmonary 

bleeding imposes a management dilemma. Although limited, 

the reported experience of successful ECMO application in 

acute respiratory failure associated with pulmonary bleed-

ing continues to accumulate,4–11,17–22,26–37 thus encouraging 

consideration of its application.39
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