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Abstract

Massive pulmonary haemorrhage is a life-threatening and difficult-to-
manage condition. In certain circumstances, traditional approaches for
haemoptysis may not be effective. Here, we report a 64-year-old man
presenting with dyspnoea and leg oedema. He was diagnosed with
microscopic polyangiitis due to positive perinuclear anti-neutrophil cyto-
plasmic antibody and other supportive evidence. His hospital course was
complicated with massive pulmonary haemorrhage, which led to hypoxic
respiratory failure, shock, and pulseless electrical activity. Extracorporeal
membrane oxygenation (ECMO) was employed during cardiopulmonary
resuscitation. To control blood loss from his lungs, we clamped the
endotracheal tube for tamponade therapy. The tube was clamped for
15 h till the haemorrhage subsided. ECMO and ventilator support
were successfully weaned off after 5 and 10 days, respectively. Our
favourable experience suggests that endotracheal tube clamping with
ECMO support is a viable management option for life-threatening pul-
monary haemorrhage.

Introduction

Massive pulmonary haemorrhage is a life-threatening and
difficult-to-manage condition. The recommended
approaches are to secure the airway, correct the bleeding
tendency, and stabilize haemodynamics, followed by local-
izing the bleeding site through clinical history, imaging
studies, and bronchoscopy [1,2]. Bronchoscopic interven-
tion and bronchial arterial embolization can stop bleeding
in most patients. However, in some cases, interventional
angiography and bronchoscopy might not be safely and
effectively performed.

Here, we report a case of microscopic polyangiitis
(MPA) with massive pulmonary haemorrhage, which led
to hypoxaemia, shock, and pulseless electrical activity
(PEA). Life-threatening pulmonary haemorrhage was suc-
cessfully controlled by airway tamponade therapy using
endotracheal tube clamping with extracorporeal membrane
oxygenation (ECMO) support.

Case Report

A 64-year-old man without a past medical history pre-
sented to the hospital because of malaise, poor appetite,
shortness of breath, and bilateral leg oedema for several
weeks. His shortness of breath was progressively worsen-
ing, and he had orthopnoea for a few days before admis-
sion. He also had dry cough and decreased urine output
but no fever, chills, abdominal pain, skin rashes, or
joint pain.

On physical examination, he was alert and acutely ill-
looking. His blood pressure was 184/112 mmHg, pulse rate
100 bpm, temperature 36.2 �C, and pulse oxygen satura-
tion 98% while breathing ambient air. His conjunctiva was
pale. Crackles in both lower lung fields and bilateral legs
pitting oedema were noted.

His white blood cell count was 6630 cells/μL with 82.4%
of neutrophils and 0.9% of eosinophils, haemoglobin level
was 7.1 g/dL, and platelet count was 305,000 cells/μL.
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Blood biochemistry testing revealed blood urea nitrogen of
189.9 mg/dL, creatinine of 17.3 mg/dL, total bilirubin of
0.21 mg/dL, and albumin of 2.8 g/dL. A venous blood gas
showed pH: 7.226, pCO2: 26.8 mmHg, pO2: 32.6 mmHg,
and HCO3: 11.2 mmol/L. A chest X-ray showed cardiome-
galy with increased bilateral lower infiltrates (Fig. 1A).
Renal sonography showed bilateral parenchymal disease
with normal-size organs (right kidney: 10 cm; left kid-
ney: 9.7 cm).

Intermittent haemodialysis was initiated for uremic
symptoms and fluid overload. Unfractionated heparin was
used only for priming the circuits (1200 IU) before each
haemodialysis session. Serial examinations, including auto-
immune profile, urinalysis, and renal biopsy, were per-
formed to assess the aetiology of renal failure. He was
diagnosed with MPA due to a strongly positive perinuclear
anti-neutrophil cytoplasmic antibody (P-ANCA)
(>134 IU/mL; reference, < 5 IU/mL) and a pathology find-
ing of pauci-immune-type crescentic glomerulonephritis
on renal biopsy. However, the patient developed haemop-
tysis before starting MPA treatment on the 10th hospital
day. A chest X-ray showed a further increase in cardiac sil-
houette and new bilateral patchy consolidation (Fig. 1B).
His haemoptysis rapidly worsened, and he was intubated
on the 11th hospital day because of hypoxic respiratory
failure and shock. After intubation, he was transferred to
the ICU immediately. Unfortunately, PEA developed 2 h
after the intubation due to persistent hypoxaemia and hae-
morrhagic shock. Cardiopulmonary resuscitation was
started for PEA. During the resuscitation, more fresh
blood continuously flooded from his endotracheal tube
and caused airway obstruction (Fig. 2A and Video S1, Sup-
porting information). Due to inability to maintain

adequate ventilation and sustained PEA, veno-arterial (V-
A) ECMO was used, followed by an add-on veno-venous
(V-V) ECMO. To control blood loss from the airway, we
clamped his endotracheal tube and suspended mechanical
ventilation (Fig. 2B). Anticoagulants were not administered
during ECMO due to active bleeding. The levels of acti-
vated clotting time (ACT) during ECMO are shown in
Figure 2C. Transfusion requirement dramatically reduced
after clamping the endotracheal tube. Meanwhile, cardiac
sonography showed a moderate amount of pericardial
effusion, and pericardiocentesis drained 500 mL of bloody
fluids.
His pulmonary haemorrhage was stabilized after endo-

tracheal tube clamping; transfusion; immunosuppressant
therapy with cyclophosphamide, rituximab, and methyl-
prednisolone; and plasmapheresis. The endotracheal tube
was clamped for 15 h and then reconnected to the ventila-
tor after removing endotracheal blood using suction. Bron-
choscopy revealed blood clots coating on airways but no
bleeders or ulcers. The ECMO support was terminated in
5 days. The patient was successfully extubated on the 10th
ICU day and was then transferred to the general ward
without significant neurological deficits. The chest X-ray
on the day of general ward transferal showed that bilateral
patchy infiltrates were significantly resolved (Fig. 1C).

Discussion

Pulmonary haemorrhage due to ANCA-associated vasculi-
tis is a critical condition associated with high mortality [3].
The recommended management, including bronchoscopy,
double-lumen endotracheal tube placement, and bronchial
arterial embolization, might not be promptly and

Figure 1. (A) The chest X-ray on admission showed cardiomegaly and increased bilateral lower infiltration. (B) The chest X-ray before intubation
revealed increased heart size and new bilateral patchy consolidation. (C) The chest X-ray on the day of general ward transferal showed resolution of
bilateral patches and a right-sided double lumen catheter.
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effectively performed due to unstable vital signs and dif-
fuse bleeding in both lungs. In this condition, ECMO can
be used to provide cardiopulmonary support to enable
definitive therapies for vasculitis to take effect. To prevent
further haemorrhage, anticoagulant therapy could be with-
held during ECMO by introducing biocompatible circuits
[4]. Under ECMO, the endotracheal tube was clamping for
a tamponade effect to decrease blood loss from the airway
and reduce the need for transfusion in our case. This suc-
cessful experience suggests that endotracheal tube

clamping with ECMO support is a feasible approach to
control life-threatening pulmonary haemorrhage.

The literature regarding the combination of endotra-
cheal tube clamping and ECMO for the management of
severe airway bleeding is limited. Only a few cases describ-
ing endotracheal tube clamping as airway tamponade ther-
apy under ECMO support for massive bleeding in the
lower airways were reported [5]. This is the first case of
vasculitis-related massive pulmonary haemorrhage treated
with endotracheal tube clamping and anticoagulant-free
ECMO support. The requirement for transfusion dramati-
cally reduced after clamping the endotracheal tube. The
risk for transfusion-related lung injury may consequently
be reduced. The airway tamponade therapy via endotra-
cheal tube clamping did not introduce significant respira-
tory complications or infections in this case. Ventilator
support was successfully discontinued in 10 days. Signifi-
cant adverse effects related to endotracheal tube clamping
were not observed.

Proper anticoagulation is usually required to prevent
circuit thrombosis during ECMO support. However,
heparin was not infused in this case due to severe pul-
monary haemorrhage. A high ECMO blood flow rate
was maintained, and the inflow and outflow pressures
were closely monitored. During the 5 days of ECMO
support, we did not encounter any circuit or pump fail-
ure due to clot formation. Due to the advances in
ECMO equipment, successful experiences with heparin-
free ECMO support have been increasingly reported
[6,7]. Miniaturized ECMO systems have reduced the
blood contact surface and heparin coating, and increased
biocompatible circuits also minimize the activation of
blood coagulation cascades.

In cases with pulmonary vasculitis, the anticoagulation
strategy during haemodialysis is challenging. Regional cit-
rate anticoagulation (RCA) may be a good alternative
treatment for these patients because they are highly at risk
of bleeding due to vasculitis. RCA restricts the anticoagula-
tory effect to the extracorporeal circuits and is associated
with lower risk of bleeding compared to heparin [8]. How-
ever, it has not yet been widely available in clinical practice
due to higher costs and more complicated management
protocols. In our case, the patient’s pulmonary haemor-
rhage was considered to be associated with the disease
activity of MPA rather than haemodialysis. In addition, he
did not undergo haemodialysis on the index day of
haemoptysis.

ECMO can oxygenate red blood cells and eliminate car-
bon dioxide. In this case, ECMO was used to allow time
for recovery from severe pulmonary haemorrhage. During
the ECMO support, the protective ventilation strategy is
important to prevent ventilator-induced lung injury [9].
Ventilation settings during ECMO support were a pressure

Figure 2. (A) Ventilator tubing was fully filled with the blood flooding
from the endotracheal tube. (B) The endotracheal tube was clamped
for airway tamponade therapy. (C) The levels of activated clotting time
(ACT) and during extracorporeal membrane oxygenation (ECMO). V-A:
Veno-arterial, V-V: Veno-venous.
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control mode with an inspiratory pressure of 14 cm H2O
and a PEEP of 10 cm H2O. The tidal volume under the
settings was 150–200 mL, which is equal to 2–3 mL per
predicted body weight (kg). Respiratory compliance rap-
idly improved after the pulmonary haemorrhage subsided.
ECMO was terminated in 5 days, and the ventilator was
discontinued in 10 days.

Disclosure statement

Appropriate written informed consent was obtained for
publication of this case report and accompanying images
and video.
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Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:
http://onlinelibrary.wiley.com/doi//suppinfo.
Video S1. During the resuscitation, more fresh blood con-
tinuously flooded from the patient’s endotracheal tube and
caused airway obstruction.
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