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INTRODUCTION

The use of extracorporeal membrane oxy-
genation (ECMO) in the management of 
respiratory failure unresponsive to con-
ventional ventilation has become a well-
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ABSTRACT

Introduction: Anti-neutrophil cytoplasmic antibody positive pulmonary capillaritis complicated by diffuse al-
veolar hemorrhage is a potentially fatal condition for which extracorporeal membrane oxygenation can facilitate 
improved outcomes and potential cure. Diffuse alveolar hemorrhage can be the initial presentation of an autoim-
mune disorder. The management is centered on the use of immunosuppressive therapy, which requires time, 
with fatality often occurring for these patients. We showed two very young patients with no previous history of 
vasculitis presenting with life threatening pulmonary hemorrhage due to anti-neutrophil cytoplasmic antibody 
positive vasculitis, whose management was facilitated with extracorporeal membrane oxygenation.
Methods: We reviewed the clinical presentation and course of the first two patients with diffuse alveolar hem-
orrhage for anti-neutrophil cytoplasmic antibody positive vasculitis managed with veno-venous extracorporeal 
membrane oxygenation. We highlighted and analysed the unique challenges encountered in managing these 
patients.
Results: The two patients were referred for extracorporeal membrane oxygenation since conventional ventila-
tion was inadequate to provide physiologic support for respiratory failure. Clinical improvement was achieved 
without exacerbation of the pulmonary hemorrhage despite the use of anticoagulants. This provided time for the 
immunosuppressants to take effect. Both patients were discharged and were cured of the underlying condition.
Conclusions: Extracorporeal membrane oxygenation has a role in the management of patients with severe re-
spiratory failure due to anti-neutrophil cytoplasmic antibody positive capillaritis. Early recognition and referral 
for extracorporeal membrane oxygenation are vital to achieve a favourable outcome.

Keywords: ANCA associated vasculitis, ECMO, respiratory failure, immunosuppression, hemoptysis.

established practice (1, 2). However, this 
has created new challenges for ECMO 
practitioners as there has been increasing 
pressure to extend this therapy to more 
difficult and complex conditions not con-
sidered before (3, 4). Anti-neutrophil cy-
toplasmic antibody (ANCA) positive pul-
monary capillaritis complicated by diffuse 
alveolar hemorrhage (DAH) is an often 
fatal condition that has only become ame-
nable to ECMO after recent technological 
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advances. DAH is rare with an incidence 
of less than 5% (5, 6) and can be the initial 
presentation of an autoimmune disorder. It 
is associated with poor outcomes: mortal-
ity figures between 11 and 50% have been 
reported (5, 7).
Before accepting a patient with suspected 
DAH, ECMO specialists need to carefully 
balance the risks and benefits since the 
price for improved oxygenation, and buying 
the patient time for immune-modulating 
therapy to take effect, is the eventual need 
for anticoagulation in the face of active 
bleeding. We review the current state of the 
debate illustrated by two cases, which were 
the first adult patients with DAH in the UK 
to be treated with ECMO.
ANCA is thought to contribute to the patho-
genesis of vasculitis by activating cytokine-
primed neutrophils and monocytes, which 
express ANCA antigens - proteinase 3 and 
myeloperoxidase - on their surface. Neutro-
phils respond by developing the capability 
of adhering to cytokine-activated endothe-
lial cells, generating a respiratory burst, re-
leasing proteolytic granule contents and se-
creting pro-inflammatory cytokines. ANCA 
also interferes with the normal processes 
of resolution of inflammation. Neutrophil 
apoptosis is dysregulated by ANCA activa-
tion of neutrophils, preventing apoptotic 
cell removal, which in turn allows progres-
sion to secondary necrosis of the alveolar 
cells and vascular endothelium (8).

METHODS

We reviewed the clinical presentation and 
management of two patients who present-
ed with severe respiratory failure not ame-
nable to conventional ventilation. They 
represent the first two patients with se-
vere pulmonary hemorrhage due to ANCA 
positive vasculitis managed this way in the 
UK. Case 1 was managed at the University 

Hospital of South Manchester, Manchester 
whilst Case 2 was managed at Papworth 
Hospital, Cambridge. Data was extracted 
from their hospital notes by two authors 
independently (IM and PH for Case 1, KR 
and FF for case 2). IM and FF were actively 
involved in the management of the two pa-
tients. HY collated the data and prepared 
the manuscript with expert contributions 
from JP, IM and FF. The case details have 
been presented anonymously and consent 
was obtained from both patients. Ethics ap-
proval was deemed unnecessary after dis-
cussions with the local research and ethics 
committee of both hospitals.

RESULTS

Case 1. A 23-year-old female suffering with 
otitis media requiring grommets and with 
recurrent epistaxis for which no cause had 
been determined, was treated in the com-
munity with two weeks of oral antibiotics 
for presumed tonsillitis. When her symp-
toms did not improve she attended her lo-
cal Emergency Department (ED) with in-
creasing shortness of breath, pyrexia and 
hemoptysis. Commencing IV antibiotics 
for community-acquired pneumonia (CAP) 
proved ineffective and her condition con-
tinued to deteriorate. When she developed 
mouth ulcers, hearing loss, facial pain, tin-
gling in her fingers and gritty eyes the day 
after admission a diagnosis of ANCA posi-
tive vasculitis was considered. While lab 
results were pending her condition wors-
ened and she was intubated. At this point 
IV methylprednisolone was started empiri-
cally, 1 g daily for 3 days, based on the clini-
cal suspicion of Granulomatosis with Poly-
angiitis (GPA). Despite being mechanically 
ventilated, high inspired oxygen levels and 
rising airway pressures, her oxygenation 
became increasingly precarious with low 
oxygen saturation (SaO2 80%).
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sure of 20 cmH2O and PEEP of 10 cmH2O. 
She was found to be c-ANCA positive and 
Serine Proteinase 3 (PR3) levels were 11.2 
U (<0.9 U); MPO and anti-GBM negative. 
Pulsed IV methylprednisolone dosed at 1 g 
daily was continued for three days before 
switching to 100 mg/day IV. Along with 
this, treatment with cyclophosphamide was 
started on a modified NIH regimen (0.9 g/
m2), which required G-CSF for 3 days due 
to the subsequent neutropenia. She re-
ceived full supportive care including anti-
microbial prophylaxis and a percutaneous 
tracheostomy. He was screened for oppor-
tunistic viral infections (EBV, CMV, Herpes 
Simplex, H1N1) and they were all negative.
The patient responded very well to this ag-
gressive treatment and further bronchosco-
pies showed only mild inflammation and 
old blood clots. The patient was trialed off 

She was referred to the local ECMO centre 
and veno-venous ECMO was initiated on 
day 2 via a mobile unit before being trans-
ferred to a specialist unit. 
Cannulation was performed using a 27 F 
double lumen Avalon cannula in the right 
internal jugular vein (Maquet, Germany) 
under image intensifier and transoesopha-
geal echocardiography monitoring The 
ECMO circuit used Levitronix Centrimag 
pump heads (Levitronix LLC; Waltham 
Massachusetts) with a flow of 3.5-4 L/min 
and the oxygenator used was a Medos Hi-
lite 700 LT (Medos Medizintechnik AG, 
Stolberg Germany) which incorporates 
a heat exchanger. The flow was achieved 
with a rate of between 4500 and 4800 rpm 
with minimal anti-coagulation (Figure 1).
Whilst on VVECMO he had pressure con-
trol ventilation with peak inflation pres-

Figure 1 - APTT ratio and prothrombin time whilst on VV ECMO (Case 2). APTT ratio target 1.8-
2.8. Prothrombin time target less than 15 seconds.
APTT = activated partial thrombin time; VV ECMO = veno-venous extracorporeal membrane oxy-
genation.
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10 days after the commencing VV ECMO 
by gradually reducing the sweep gas flow 
whilst ventilating the patient with pressure 
controlled ventilation and, by day 13, the 
cannula was removed. The tracheostomy 
cannula was removed three weeks after her 
initial admission. She was discharged into 
the care of her local rheumatology and re-
gional vasculitis service and continues to 
do well.
Case 2. A 27 year-old male presented to his 
local hospital with a one-week history of 
cough, hemoptysis and malaise on a back-
ground of a four-month history of weight 
loss and night sweats. He had had bilateral 
grommets fitted 2 years prior and reported 
worsening otalgia and deafness over the 
six months preceding his presentation. His 
functional capacity was considered above 
average.
On admission to his local ED he received a 
course of intra-venous antibiotics to cover 
community acquired and atypical pneumo-
nia. He progressively developed worsening, 
type 1 respiratory failure and had to be in-
tubated and ventilated. A trans-bronchial 
biopsy, taken on day 5, revealed widespread 
intra-alveolar hemorrhage. On day 12 his 
chest radiograph showed extensive diffuse 
bilateral infiltrates, and despite intuba-
tion, maximal ventilatory support, sedation 
and neuromuscular blockade his SaO2 fell 
to 45% and he became hemodynamically 
unstable. At this point the patient was re-
ferred to the local ECMO center. 
Due to the patient’s age, the immediate 
threat to his life and the lack of a clear 
diagnosis, it was decided to instigate VV 
ECMO before transfer to a specialist unit. 
Cannulation was performed using a 27 F 
double lumen Avalon cannula (Maquet, 
Germany) in the right internal jugular vein 
under image intensifier. ECMO flows were 
kept above 3.6 L/min with a Levitronix 
Centrimag pump head (Levitronix LLC; 
Waltham Massachusetts) without antico-

agulation. The oxygenator used was a Me-
dos Hilite 700 LT (Medos Medizintechnik 
AG, Stolberg Germany) which incorporates 
a heat exchanger. There were difficulties 
with oxygenation and flows greater than 4 
L/min caused suck down and very negative 
drainage pressures (>-90 mmHg), there-
fore an additional drainage cannula (21 Fr, 
38 cm, Avalon, Maquet, Germany) was in-
serted to achieve flows greater than 4.5 L/
min (at least 2 L/min in each drainage can-
nula).
Following ECMO initiation, SaO2 improved 
to 82% which correlated with a PO2 of 7 
kPa. Despite a total ECMO flow of 4.5 L/
min, the patient was hyperdynamic with a 
high cardiac output due to inflammation, 
therefore the proportion of the shunted de-
oxygenated blood was sufficient enough to 
impact on systemic PO2. A bronchoscopy 
showed extensive active bronchial bleed-
ing and due to this invasive ventilation was 
not possible initially. A CT scan on arrival 
at the specialist unit revealed an acute and 
widespread dense consolidation throughout 
both lungs in keeping with DAH. Support-
ive treatment with antimicrobial prophy-
laxis, tracheostomy and renal replacement 
therapy was started. The mechanisms for 
his acute kidney injury were thought to 
be primarily as a result of the vasculitis. 
It is possible that a pre-renal, relative hy-
povolemia contributed to it as well. Renal 
replacement therapy was instituted to treat 
metabolic acidosis and for intra-vascular 
fluid management. The vasculitis screen-
ing conducted on admission revealed that 
he was strongly positive for cytoplasmic 
ANCA (cANCA) confirming the suspected 
diagnosis of GPA with DAH.
The ECMO circuit was initially run with-
out systemic anticoagulation. However as 
clots began to appear in the oxygenator on 
day 2, systemic heparin was introduced 
aiming to keep the activated partial throm-
bin time (APTT) ratio between 1.5 and 1.8. 
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By day 3 on ECMO there was no further 
evidence of active bleeding. 
The underlying GPA was treated with 3 
doses of pulsed IV methylprednisolone fol-
lowed by daily hydrocortisone dosed at 50 
mg IV four times a day as well as eight cy-
cles of plasma exchange followed by ritux-
imab and IV immunoglobulin, followed by 
maintenance immunosuppression from 
day 21 with mycophenolate mofetil.
On day 20 the patient VV ECMO was 
weaned by gradually reducing sweep gas 
flow guided by regular blood gas estima-
tion. The ECMO cannulas were removed 
24 hours after turning off the sweep gas 
and he transferred for specialist treatment 
of his renal failure and management of 
immunosuppression. He was successfully 
weaned from renal replacement therapy 
and mechanical ventilation and was dis-
charged from hospital care 20 days later. 
He is currently free of all immunomodula-
tory therapy and has returned to work in 
the armed forces.

DISCUSSION

The Evolution in ECMO technology has 
been driven largely by the need to reduce 
complications associated with this proce-
dure but also, as illustrated here, to safely 
extend the use of ECMO to other life threat-
ening conditions. The development of syn-
thetic surfaces with covalently attached 
heparin (Larm et al. 1983) has significantly 
reduced this risk allowing ECMO circuits 
to be run with little or no anticoagulation 
(1).
Similarly, the technology for the pumps has 
evolved from the DeBakey roller pumps 
(1934) to more refined forms used for most 
cardio-pulmonary bypass operations today. 
However there is an increased incidence of 
acquired coagulopathy (thrombocytopenia, 
acquired von Willebrand diseases) with 

these pumps. The introduction of centrif-
ugal pumps and axial flow pumps, which 
have a reduced shearing effect on cellular 
blood components, has further reduced 
bleeding complications (11). Centrifugal 
pumps were used in both cases described 
(Levitronix, Massachusetts). It consists of 
a magnetically levitated rotor that elimi-
nated the need for bearings or seals. The 
rotor surface is completely washed by blood 
reducing the risk of stagnation and turbu-
lence hence reducing hemolysis and throm-
bosis.
These recent improvements in ECMO tech-
nology have allowed ECMO to expand to 
niche area including trauma, cardio-pul-
monary resuscitation and interstitial lung 
diseases (3, 4).
The evidence for the use of ECMO in pa-
tients with severe respiratory failure due 
to DAH from ANCA associated vasculitis 
(AAV) is restricted to a small number of 
case reports (5-10). This is not surprising 
given the rarity of this condition and the 
fact that these patients often are very sick 
and cannot wait for the effect of immuno-
suppression, with death being a common 
outcome. The cases presented here describe 
two young patients whose first presenta-
tion is at the severe end of the spectrum 
and whose prognoses would have been 
likely infaust without ECMO. 
As demonstrated, the key role of ECMO in 
these cases is that it provides time for life 
saving treatments to be instituted. Both 
patients were in extremis and it is unlike-
ly that with conventional ventilation they 
would have survived long enough for the 
immunosuppressive therapy to be effective 
in halting the pathologic process. This is 
unique as ECMO is not used as a treatment 
modality but serves as to facilitate the appli-
cation of an established therapy in patients 
presenting with very severe forms of respi-
ratory distress, thereby significantly reduc-
ing mortality. Figure 2 aptly illustrates the 
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relationship between the use of ECMO, the 
pathology and treatment in patient 2. On 
the day VV ECMO was initiated, disease 
activity was at its highest as demonstrated 
by high PR3 levels and this correlated with 
disease severity (PO2-5 kPa). 
Disease activity gradually reduced with a 
demonstrable falling PR 3 levels whilst the 
effects of the disease (hypoxia) were cor-
rected by VVECMO. Both presented pa-
tients were cured of their condition and are 
back to work. Once treated, patients with 
GPA have a very good prognosis and enjoy 
and excellent quality of life (9).
Despite the acuity of the situations there 
was considerable discussion about the 
feasibility of establishing these patients 
on ECMO in view of active and on-going 
bleeding. Conditions with a significant risk 
of systemic bleeding with anticoagulation 
could be considered a relative contraindica-
tion to ECMO (12, 13). The extracorporeal 
life support organisation (ELSO) specifies 

that contra-indication should be considered 
on a case-by-case basis after weighing risks 
and benefits. However in these cases due to 
lack of good evidence an objective assess-
ment is often difficult (12). In both cases 
the potential for exacerbation of the pulmo-
nary hemorrhage was a major concern. 
In both cases, a single bolus of IV heparin 
was given at the time of cannulation (case 
1 5,000 IU, case 2 2,500 IU) and the circuit 
was run without any anticoagulation for 48 
hours. 
In Case 2 the circuit was run without an-
ticoagulation initially but systemic heparin 
infusion had to be commenced when clots 
appeared in the circuit and the oxygenator. 
In both cases efforts were taken to ensure 
that anticoagulation was kept at bare mini-
mum as much as possible. The blood trans-
fusion strategy was liberal with a minimum 
hemoglobin target of 9 g/dL and platelet 
target of >100,000/µL. This strategy was 
employed to provide a margin of safety if a 

Figure 2 - VV ECMO to allow adequate immunosuppression for severe vasculitis complicated by DAH 
(Case 1). 
VV ECMO = veno-venous extracorporeal membrane oxygenation; DAH = diffuse alveolar hemorrhage.
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major bleeding occurred. There is no evi-
dence in literature to support this practice 
but it was felt to be the safest strategy in 
this clinical context.
There was no exacerbation of lung hemor-
rhage and all active bleeding ceased after 
commencing ECMO. This is most likely to 
be attributable to the fact that the patient 
had received two pulses of methylpredniso-
lone and two cycles of plasma exchange in 
order to slow down the disease process suf-
ficiently by the time he had to be anticoagu-
lated. Adult and pediatric case reports seem 
to support our observation that hemor-
rhage can resolve despite systemic antico-
agulation following the initiation of ECMO 
(12-19).
Case reports in literature have described the 
concomitant use of ECMO and aggressive 
immunomodulatory therapy in treating 
diffuse alveolar hemorrhage as described 
in our case reports, however it is difficult 
to decipher the comparative contributions 
of intensive immunomodulatory therapy 
and of ECMO on the resolution of the lung 
hemorrhage. In a case report by Matsumoto 
et al., (17) pulmonary hemorrhage persist-
ed despite aggressive immunomodulatory 
therapy including plasma exchange and 
pulsed steroids. It only resolved 82 hours 
after commencement of VV ECMO. Zhang 
et al. (15) describe a case of microscopic 
polyangitis complicated by DAH. Pulmo-
nary hemorrhage resolved after initiation of 
ECMO but before targeted vasculitis treat-
ment started. Suggested mechanisms for 
this include removal of the well-described 
detrimental effects of high FiO2 
and barotrauma. It is difficult to draw any 
firm conclusions from these observations 
but they may provide some evidence that 
anticoagulation on VV ECMO might not 
worsen pulmonary hemorrhage.
The combination of high-dose corticoste-
roids and cyclophosphamide are the main-
stay of treatment for vasculitides and dis-

ease resistance to this combination is rare. 
Remission of Wegener’s granulomatosis 
(WG) or microscopic polyangitis (MPA) 
has been reported in up to 90% of cases 
(19). Disease that is truly resistant to a cor-
ticosteroid/cyclophosphamide regimen is 
more common in fulminant disease. Ritux-
imab and intravenous immunoglobulin 
have been shown to be of  benefit in recent 
randomized controlled trials specifically in 
patients with renal complications of acute 
vasculitis (24-26). Most clinicians favor 
this approach due to the lower risk of infec-
tion and the long-term association of cyclo-
phosphamide with cancer.
The role of plasma exchange is still far 
from clear.  Initial trials showed benefit 
when plasma exchange was used in addi-
tion to a corticosteroid and cyclophospha-
mide regimen, but only in cases in which 
there was dialysis dependence at presenta-
tion or concurrent anti-glomerular base-
ment membrane disease (a rare overlap) 
(23). Although the role of ANCA in DAH 
is not known, the patients who do well are 
the ones in whom the ANCA titer falls with 
treatment. Treatment of any infections 
is critical as this is often the precipitating 
cause. The PEXIVAS trial is currently re-
cruiting patients to investigate the role of 
plasma exchange in reducing mortality and 
end stage renal failure (ClinicalTrials.gov, 
identifier: NTC00987389).
The major factor for successful treatment 
of ANCA-associated vasculitis is to start 
treatment early, before the onset of respira-
tory failure from alveolar hemorrhage and 
renal failure from rapidly progressive glo-
merulonephritis. The difficulty is that time 
is often spent treating more common expla-
nations to the symptoms. Waiting for the 
results of the autoantibody screening can 
critically delay the initiation of immuno-
suppression therapy, thereby further con-
tributing to poor outcome. 
Intensivists and ED physicians should have 
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a low threshold to involve specialists when 
there is the clinical suspicion of an autoim-
mune disease.

CONCLUSION

Acute vasculitis complicated by diffuse al-
veolar hemorrhage can present with life 
threatening respiratory failure which in the 
most severe form would lead to death.
Effective treatments are available which 
can potentially offer cure but take time to 
instigate and to take effect. ECMO can pro-
vide the opportunity to establish immuno-
suppression and time for it to take effect. 
It is crucial that clinicians in non-specialist 
hospitals have a low threshold to seek advice 
and refer promptly these often young pa-
tients, as the use of ECMO can dramatically 
improve the clinical outcome (Figure 3).
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Figure 3 - Key Points.

Key Points

1 VV ECMO has role in the management of severe life-threatening pulmonary hemorrhage due to ANCA 
positive vasculitis

2 Pulmonary hemorrhage does not preclude anticoagulation on VV ECMO

3 Early referral to an ECMO centre in patients not responding to conventional ventilation should be 
considered

4 Early diagnosis and targeted management is facilitated by early involvement of specialist physicians

VV ECMO = veno-venous extracorporeal membrane oxygenation; ANCA = anti-neutrophil cytoplasmic antibody.
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