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Abstract

Background and Aims: Extracorporeal membrane oxygenation (ECMO) is an

important means of treating patients with respiratory failure. Massive airway

hemorrhage is a rare complication of ECMO, with high mortality. The aim of this

study was to provide a reference for improving the success rate of treatment of this

complication by analyzing and summarizing patient clinical data.

Methods: We searched PubMed, Medline, and EMBASE databases for case reports

of massive airway bleeding associated with ECMO from January 2000 to January

2022 and included one case treated at our facility. All patients were disconnected

from the ventilator, and the endotracheal tube was clamped during treatment,

resulting in complete airway packing for hemostasis. The clinical data of these

patients were analyzed.

Results: Through searching and further screening, two works of literature reported

four cases that met our inclusion criteria. Including our patient's case, five patients

were included in this study (four adults and one neonate). The longest ECMO

treatment time before bleeding was 14 days, and the shortest was 20min. In all

patients, conservative treatment was ineffective after a major airway hemorrhage.

They were disconnected from the ventilator and the tracheal tube was clamped for

13–72 h. The four adult patients underwent bronchial artery embolization in the

interventional radiology suite. All patients' bleeding stopped after treatment; they

were successfully weaned off ECMO and discharged.

Conclusions: Treatment measures to disconnect the ventilator and clamp the

endotracheal tube with full support from ECMO are feasible for massive airway

bleeding associated with ECMO. Early bronchial arteriography and embolization can

prevent rebleeding.

K E YWORD S

bleeding, cryotherapy, ECMO, extracorporeal membrane oxygenation, hemoptysis

Health Sci. Rep. 2023;6:e1325. wileyonlinelibrary.com/journal/hsr2 | 1 of 9

https://doi.org/10.1002/hsr2.1325

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Health Science Reports published by Wiley Periodicals LLC.

http://orcid.org/0000-0002-6611-0902
mailto:shiqindong@163.com
mailto:glt02@163.com
https://onlinelibrary.wiley.com/journal/23988835


1 | INTRODUCTION

Extracorporeal membrane oxygenation (ECMO) draws venous blood

from the patient through dedicated vascular access and pumps it into

an artificial lung known as an oxygenator. This process removes

carbon dioxide, oxygenates the blood, and returns the oxygen‐rich

blood to the patient. It can therefore support a failing heart and/or

lung.1 Veno‐venous (VV) ECMO supports only the lungs, while veno‐

arterial (VA) ECMO supports both the lungs and the heart.2 ECMO

has become an important supportive measure for severe cardio-

pulmonary failure and is widely used in adults and children. ECMO

also plays an important role in supporting patients with severe

coronavirus disease (COVID‐19),3,4 and can be said to give these

patients a second life.

However, patients supported with ECMO face complications

and associated risks. Bleeding and thrombosis are major complica-

tions of ECMO.5 In particular, patients with severe COVID‐19 are

more likely to experience complications.6 Bleeding is often

associated with anticoagulation and may include gastrointestinal

bleeding, intracerebral hemorrhage, and massive airway bleeding.

One study showed that the incidence of massive hemorrhage

associated with ECMO was 30.9%, and airway bleeding accounted

for 26% of hemorrhages associated with ECMO.5 Although

massive airway hemorrhage (>300 mL/day) associated with ECMO

is rare, it can be a fatal complication associated with increased

mortality.7

Conservative treatment of massive airway hemorrhage associ-

ated with ECMO has poor efficacy and a high in‐hospital mortality

rate.7 In the case of ineffective conservative treatment, disconnect-

ing the ventilator and clamping the tracheal tube is a feasible method,

resulting in complete airway blockage and achieving hemostasis.

Once the tracheal tube is clamped, the patient's respiratory function

is completely lost, and treatment is completed with the support

of ECMO.

We searched for relevant cases in the literature and combined

them with our case of massive airway hemorrhage associated with

ECMO. The clinical data related to all these cases were analyzed and

summarized, aiming to provide a reference for improving the success

rate of treatment of this complication.

2 | METHODS

2.1 | Literature screening

2.1.1 | Search strategy

A literature search was performed using three databases: PubMed,

Medline, and EMBASE. A comprehensive search was performed for

case reports of massive airway bleeding associated with ECMO from

January 2000 to January 2022, and the searched keywords included:

extracorporeal circulation, ECMO, bleeding, hemoptysis, airway

bleeding, and pulmonary hemorrhage. The relevant articles were

screened and selected for inclusion by two authors, and disagree-

ments were resolved through consensus and voting. The retrieved

cases were analyzed together with our case. The literature screening

process is shown in Figure 1.

Our case included in this study was approved by the First

Affiliated Hospital of Xi'an Jiaotong University Ethics Committee. The

patient was informed, and written consent was documented in the

patient's medical records. All procedures performed in the current

study were in accordance with the Declaration of Helsinki.

2.2 | Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Case report of massive

airway hemorrhage associated with ECMO. (2) The case met the

definition of massive airway hemorrhage and management: bleeding

from the tracheal tube (>300mL/day) that could not be controlled by

conventional measures, such as correction of coagulopathy, bron-

choscopy with cold saline or diluted epinephrine lavage, and lung

isolation with a bronchial blocker.7 Treatment consisted of discon-

necting the patient from the ventilator and clamping the endotra-

cheal tube to provide complete airway packing. (3) Either the text

description or imaging data showed that the patient's lungs were

filled with blood. (4) The patient's onset and treatment processes

were clearly described in the case report, and relevant data could be

extracted.

The exclusion criteria were as follows: (1) The medical records

were insufficient and data extraction could not be carried out. (2) A

single lung or part of a lung lobe/segment was not filled with

blood, or the amount of bleeding did not meet the definition

criteria for massive airway hemorrhage. (3) ECMO support was

initiated after massive airway hemorrhage, or massive airway

bleeding occurred without ECMO. (4) The tracheal tube was not

clamped during the treatment. (5) The literature had been

duplicated. (6) Patients or guardians voluntarily terminated

treatment.

2.3 | Study selection

After searching the relevant databases and conducting rigorous

screening, two works of literature met the requirements and were

included.7,8 The data of four patients were reported in the two works,

and we diagnosed and treated one patient.9 Therefore, five patients

were included in this study.

2.4 | Data collection

We collected data on the relevant cases reported in the included

literature and that of the case we diagnosed and treated. The

2 of 9 | ZHOU ET AL.



following data were collected, collated, and analyzed: demographic

data, ECMO indications, adjuvant therapy used, type and duration of

ECMO support, duration of ECMO support before massive airway

hemorrhage, oxygenator replacement, blood product transfusion,

type of anticoagulant and duration of use, artificial airway clamping

time, angiography and embolization data, measures of blood clot

removal, and patient outcomes.

2.5 | Statistical analyses

All collected data were collated and analyzed using Microsoft Excel.

Days on ECMO and days on ECMO before hemorrhage are

expressed in days, endotracheal tube clamp duration is expressed

in hours, and related items were collated in summary tables.

3 | RESULTS

3.1 | Patient characteristics

The patients included were one male and four females. They

comprised one neonate and four adults, and the adults were aged

49–59 years. Two patients had underlying diseases, including one

patient with breast cancer and another with Sjögren's syndrome and

Hashimoto's thyroiditis. Four patients were treated with VA‐ECMO

due to cardiogenic shock and circulatory instability, and one was

treated with VV‐ECMO due to severe acute respiratory distress

syndrome (ARDS) caused by COVID‐19. Massive airway hemorrhage

occurred as quickly as 20min after starting ECMO support, with the

longest taking 14 days. The neonate was not administered antic-

oagulant medication before hemorrhaging; however, the adult

F IGURE 1 Flowchart of literature screening.
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patients were administered anticoagulants, with heparin being the

most common drug used. Massive airway hemorrhage occurred in the

patients who underwent VA‐ECMO after invasive operations

(manipulation of Swan–Ganz catheter, coronary stent placement,

etc.). The bleeding sites were different in all five patients. The

minimum duration of ECMO support was 3 days, and the maximum

was 88 days. All five patients were successfully weaned from ECMO

and were sufficiently stable to be discharged from the hospital

(Table 1).

3.2 | Treatment measures after hemorrhage

Anticoagulants were discontinued immediately after the discovery of

massive airway hemorrhage in all patients for a maximum of 168 h.

Conservative treatments, including fiberoptic bronchoscopy, epi-

nephrine (1/10,000), thrombin, tranexamic acid, and ice saline airway

lavage and/or lung isolation with a bronchial blocker, were

unsuccessful. Endotracheal tube clamping was performed to provide

complete airway tamponade after conservative treatment had failed.

The tracheal tube clamping time was between 13 and 72 h. All adult

patients underwent bronchial artery embolization in the interven-

tional radiology suite. No obvious bleeding site was found in three

patients, and the bleeding stopped after empirical bilateral bronchial

artery embolization. Three patients experienced two hemorrhages

and two vascular interventions. Three adult patients underwent

oxygenator changes during ECMO treatment, and the VV‐ECMO‐

treated patient underwent four changes using five oxygenators

(Table 2).

4 | DISCUSSION

In recent years, ECMO has progressed in technology and manage-

ment; however, the mortality rate of patients treated with ECMO

remains high.10 On one hand, this is related to the critical condition of

these patients, and on the other hand, this is related to the high

complication rate of ECMO.10–12 Massive airway hemorrhage is one

of the potentially fatal complications of ECMO, and the use of

anticoagulants further increases the risk thereof. Once a massive

airway hemorrhage occurs in patients, it is often difficult to control

with conventional treatment methods. Some studies have reported a

method for treating massive airway hemorrhage during ECMO.7,13 In

our facility, a patient with severe ARDS caused by COVID‐19 had a

massive airway hemorrhage during ECMO treatment. We optimized

this method (Figure 2) for treatment, and the patient recovered and

was discharged from the hospital.9 This approach can also be used in

patients with massive airway hemorrhage unassociated with ECMO

but still requiring full support from ECMO.14

Massive airway hemorrhage associated with ECMO is more

common in anticoagulation overdose or bronchial artery rupture.15

The longer the ECMO treatment, the greater the risk of complica-

tions. Massive airway hemorrhage can occur at any time during

ECMO therapy. In the four patients reported in the literature,7,8 the

shortest elapsed time before a massive airway hemorrhage occurred

was 20min after commencing ECMO treatment, and the longest was

3 days. Our patient9 had a respiratory indication, was on VV‐ECMO

for 88 days, and developed a spontaneous massive airway hemor-

rhage after 14 days on ECMO. Vascular endothelial injury and

changes in coagulation mechanisms in patients with COVID‐19

exacerbate the risk of airway bleeding,5 which may be one of the

reasons for the spontaneous bleeding in our patient.

Among the patients included in this study, one developed a

massive airway hemorrhage after placement of the Swan–Ganz

catheter during ECMO.7 An indwelling Swan–Ganz catheter has also

been associated with the occurrence of pulmonary artery rupture

(incidence: 0.03%–0.2%),13 with the risk of mortality approaching

70%.16 Furthermore, two patients developed massive airway hemor-

rhage after coronary stent placement and were not excluded because

we considered this an invasive procedure.

When a patient has a massive airway hemorrhage, due to the

extensive bleeding, both lungs rapidly fill with blood and it is difficult

to distinguish from which part of the lungs the hemorrhage

originates. Therefore, selective lung isolation is often not feasible.

Prompt prevention of continued bleeding is critical, and conservative

treatments are ineffective and rarely stop the bleeding.7,13 Tracheal

tube clamping significantly reduces the need for blood transfusions;

therefore, the risk of transfusion‐related lung injury may be reduced.

In this method, airway tamponade therapy with endotracheal tube

clamping does not cause significant respiratory complications or

infection.14

Although the discontinuation of anticoagulant administration is

beneficial for bleeding control, aortography and selective bronchial

arteriography should be performed earlier when the tracheal tube is

clamped to identify possible bleeding sites and perform vascular

embolization. Bronchial artery embolization can be used as a life‐

saving intervention in patients with massive airway hemorrhage, with

success rates ranging from 82% to 100% to control the bleeding

immediately after embolization.17 Bronchial artery rupture is most

common in cases of massive airway hemorrhage. If angiography fails

to find bleeding vessels, early empirical bilateral bronchial artery

embolization is beneficial to control bleeding and reduce mortality

rates.7,18 A retrospective study showed that patients who underwent

early (<3 days) arterial embolization had lower 7‐day mortality rates

(1.3% vs. 4.0%) and a shorter duration of mechanical ventilation

compared with those who underwent late (>3 days) arterial

embolization.19 Therefore, all patients with massive airway hemor-

rhage should undergo bronchial artery embolization as soon as

possible. Among the five patients we included, three had no bleeding

site detected by angiography, all underwent early empirical bilateral

bronchial artery embolization, and the bleeding stopped after

embolization. One patient still had active bleeding after left bronchial

artery embolization, and the bleeding stopped after empirical right

bronchial artery embolization. Repeated bronchoscopy risks worsen-

ing bleeding, and clamping the endotracheal tube can cause airway

tamponade to achieve hemostasis. Further, early arteriography and
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vascular embolization will prevent continued bleeding and hemo-

dynamic deterioration.7,18

The endotracheal tube can be loosened after clamping for

24–48 h. If there is still active bleeding after releasing the clamp,

the endotracheal tube can be re‐clamped for a further 24–48 h.

Once the patient no longer has active bleeding, restarting

anticoagulation therapy should be considered. Prolonged dis-

continuation of anticoagulant administration may increase the

risk of oxygenator dysfunction and thromboembolism. Antic-

oagulation therapy should be restarted as early as possible under

close monitoring if permitted. In all five patients in this study,

anticoagulation therapy was discontinued for between 48 and

168 h. Oxygenators were changed in three patients during ECMO

treatment. Our patient underwent ECMO for the longest period,

with four changes using five oxygenators during 88 days

of ECMO.

F IGURE 2 Management of massive airway hemorrhage in patients on ECMO. ECMO, extracorporeal membrane oxygenation; VA‐ECMO,
veno‐arterial ECMO; VV‐ECMO, veno‐venous ECMO.
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Repeated bronchoscopy should be performed after the airway is

opened, and the airway should be cleared of blood clots. After clamping,

the endobronchial lining becomes fragile, and blood clot removal should

be undertaken with caution as it may cause rebleeding if performed

incorrectly. Cryoprobe bronchoscopy is a viable, safe, and often

successful option for extracting large blood clots from the tracheo-

bronchial tree.19 Bronchoscopy and cryotherapy can be used for the

removal of large airway clots. Repeated bronchoscopic saline lavage can

be performed to remove blood clots from the small airways and alveoli,

and small doses of urokinase can be used locally to dissolve them.20,21

After the blood clot in the large airway is cleared, mechanical

ventilation should be restarted, positive end‐expiratory pressure

(PEEP) and tidal volume should be titrated, and respiratory mechanics

should be monitored, which is beneficial for the recovery of lung

function and helps to prevent mechanical ventilation‐related lung

injury. The patient we treated received super lung‐protective

ventilation (tidal volume 1mL/kg) after we cleared blood clots from

the large airways using cryotherapy. Fiberoptic bronchoscopy and

bronchoalveolar lavage were performed one to two times a day to

remove blood clots from the small airways and alveoli; however, it

was difficult to remove these clots. In the process of clearing, we

used 1000U urokinase/site to dissolve the blood clots and received

good results. No bleeding reoccurred.

Although a limitation of this study is the small number of

reported cases, we have developed a protocol for massive airway

hemorrhage on ECMO, which was effective in our patient based on

four cases in the literature.

5 | CONCLUSIONS

Although the specific cause of massive airway hemorrhage associated

with ECMO is unknown, it is feasible to disconnect the ventilator and

clamp the endotracheal tube after bleeding with full support from

ECMO. Utilizing early bronchial arteriography to detect possible

bleeding sites and vascular embolization can prevent rebleeding and

stabilize hemodynamics. Additionally, fiberoptic bronchoscopy and

cryotherapy are effective methods of removing blood clots. In the

future, we look forward to studies including more cases to further

demonstrate the effectiveness of this treatment modality.
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