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Background: Massive hemoptysis in pregnancy is very rare but can be life-threatening for 
both the pregnant woman and fetus. Extracorporeal membrane oxygenation (ECMO) is 
extremely rare in the treatment of severe hemoptysis in pregnancy. Here we describe the 
case of massive hemoptysis in the second trimester of pregnancy successfully treated with 
a combination of venovenous (VV)-ECMO, and bronchial artery embolization combined 
with fiberoptic bronchoscopy–assisted CO2 cryotherapy.
Case Presentation: A 34-year-old patient at 28 2/7 weeks gestation with a history of 
hemoptysis for 3 days was transferred to our care. Massive hemoptysis completely blocked 
the trachea and main bronchus, and a ventilator could not carry out ventilation. ECMO was 
performed immediately when oxygenation was not maintained. A right lower bronchial 
artery hemorrhage was found by bronchial arteriography under ECMO, and embolization 
with microcoils and gelatin sponge particles was then performed. An emergency bedside 
carbon dioxide cryo-thrombectomy was performed under fiberoptic bronchoscopy because of 
obstruction of the trachea and main bronchus. Endotracheal cryotherapy was repeated (for 
a total three times) until bronchoscopic evaluation confirmed no obstruction of the trachea 
and no active bleeding in the airway. On day 7, ECMO was successfully evacuated. On day 
15, the patient was extubated. On day 17, the tracheotomy was closed and replaced by nasal 
oxygen inhalation. On day 20, the patient was discharged from hospital. The patient has had 
no recurrence of hemoptysis in 3-month follow-up.
Conclusion: VV-ECMO combined with carbon dioxide cryotherapy in the treatment of 
pregnancy complicated with massive hemoptysis is an effective treatment, when massive 
hemoptysis completely blocked the trachea.
Keywords: VV-ECMO, bronchial artery embolization, carbon dioxide freezing, pregnancy, 
massive hemoptysis

Introduction
Massive hemoptysis in pregnancy is very rare, and no specific incidence rate has 
been reported. The common causes of hemoptysis include bronchiectasis, pulmon-
ary infection, lung cancer, and pulmonary embolism.1 In the case of bronchial 
artery hemorrhage, embolization is recognized as a safe and effective treatment 
method.2 Carbon dioxide cryotherapy is another therapeutic option. Carbon dioxide 
cryotherapy is easy to use and has few technical requirements, making it suitable 
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for bedside procedures in the intensive care unit, and it has 
become an important method of treating airway obstruc-
tion caused by intratracheal tumor;3 however, there are 
few reports on its use for the removal of blood clots 
formed during pulmonary hemorrhage. Extracorporeal 
membrane oxygenation (ECMO) has been successfully 
used for various reversible and refractory cardiopulmonary 
conditions, such as acute respiratory distress syndrome, 
massive pulmonary embolism, and fulminant myocarditis, 
and the number of cases reported has been increasing.4 

Improved understanding of the physiological effects of 
ECMO on the pregnant woman and fetus has also led to 
its increased use in treatment of such conditions as peri-
natal cardiomyopathy, myocarditis, acute respiratory dis-
tress syndrome, and amniotic fluid embolism.5 

Nevertheless, there is little report of its use in maternal 
massive hemoptysis.

Herein, we report a case of massive hemoptysis in 
the second trimester of pregnancy successfully treated 
with the a combination of venovenous (VV) ECMO, and 
fiberoptic bronchoscopy–assisted CO2 cryotherapy.

Case Report
A 34-year-old patient weighing 60 kg and 162 cm in 
height at 28 2/7 weeks gestation with a history of hemop-
tysis for 3 days and dyspnea for 2 days was transferred to 
our care 10 hours after emergency tracheotomy at a local 
hospital. The patient reported a past history of hemoptysis 
20 years earlier, which had resolved without treatment. 
Three days prior to admission, the patient had 
a spontaneous occurrence of hemoptysis, with loss of 
approximately 10–20 mL of bright-red blood. The 
following day (2 days prior to admission), the hemoptysis 
increased to 100 mL and was accompanied by cyanosis 
(blue lips), which prompted the patient to visit the local 
hospital. Computed tomography (CT) of the lungs at that 
time revealed an infiltrative shadow in the left upper lung. 
After initial hemostasis and phentolamine treatment, 
hemoptysis recurred 6 hours after admission and was 
accompanied by markedly decreased oxygenation –radial 
artery blood gas analysis revealed an oxygen partial pres-
sure (PO2) of 42 mmHg. An emergency endotracheal 
intubation was performed, and negative pressure suction 
was applied to assist ventilation, with maintenance of 
arterial oxygen saturation (SaO2) at approximately 95%. 
Subsequently, a tracheotomy was performed, and the 
patient was transferred by ambulance to our hospital.

On admission, the patient was conscious and had 
a transcutaneous oxygen saturation (SpO2) of 95%. She 
was scheduled to undergo a CT pulmonary angiogram; 
however, the hemoptysis increased significantly, prevent-
ing the examination. A lung CT scan was done instead and 
showed large infiltrating shadows in both lungs. After 
admission to the intensive care unit, the patient coughed 
up a large amount of pink blood and demonstrated obvious 
symptoms of airway obstruction. The ventilator para-
meters were then set to a tidal volume 350 mL, respiratory 
rate 20 breaths/min, positive end-expiratory pressure 
(PEEP) 5 cmH2O, inspiratory time 1.0 s, oxygen concen-
tration 100%, and the actual delivered tidal volume 
125 mL. Fiberoptic bronchoscopy revealed the trachea 
and main bronchi to be completely blocked by blood 
clots (Figure 1). Blood gas analysis showed PO2 50 
mmHg, partial pressure of carbon oxide (PCO2) 76 
mmHg, and pH 7.102. At the same time, the fetal heart 
rate decreased, from 150 beats/min to 50–60 beats/min. 
Obstetrician consultation suggested urgent correction of 
hypoxia and fetal heart rate monitoring. Multidisciplinary 
consultation with Thoracic Surgery, Respiratory Medicine, 
and Interventional Radiology suggested management with 
bronchial artery embolization performed with VV-ECMO 
support.

A 17 French ECMO catheter (Duraflo, Edwards 
Lifesciences; Irvine, CA, USA) was inserted via the right 
internal jugular vein, between the superior vena cava and 
right atrium; a 19 French catheter was inserted into the 
femoral vein and advanced under B-mode ultrasound 

Figure 1 Blockage of trachea by blood clots.
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guidance. Then, both catheters were connected to their 
respective ECMO sheath. The ECMO was set to a flow 
rate of 4.0 L/min, with a pump speed of 3000 r/min and 
return pressure of 120 mmHg. Following the establishment 
of VV-ECMO, radial artery blood gas showed pH 7.35, 
PO2 389 mmHg, PCO2 34 mmHg, and SaO2 100%, and 
the fetal heart rate increased to 120 beats/min.

Prior to transfer to the operating room for embolization, 
hemoptysis resumed. As the airway became completely 
obstructed, the tidal volume fell to 50 mL, and SpO2 

decreased to 60%. Midazolam (0.15mg/kg) and continuous 
remifentanil (0.1 µg/kg/min) were administered for analgesia 
and sedation and vecuronium (0.1 mg/kg injected intermit-
tently) for neuromuscular block. Following this, the PO2 rose 
to 88%, and the patient was immediately brought to the 
operating room for embolization. Embolization, with micro-
coils and gelatin sponge particles (350–560 µm; Hangzhou 
Alekang), was then performed (Figure 2), and the patient was 
transferred back to the intensive care unit, where a repeat 
fiberoptic bronchoscopy showed complete airway obstruc-
tion. Repeated irrigation and aspiration were performed, 
yielding only a small amount of clot. An emergency bedside 
carbon dioxide cryo-thrombectomy (Kooland 300 Flexible 
Cryoprobe, Beijing Kulan Medical Treatment Equipment 
Co., Ltd.; Beijing, China) was performed under fiberoptic 
bronchoscopy (Olympus bf-260; Germany). Endotracheal 
cryotherapy was repeated (for a total three times) until 
bronchoscopic evaluation confirmed no obstruction of the 
trachea and no active bleeding in the airway (Figure 3).

At 24 hours on ECMO, heparin anticoagulation was 
confirmed with the finding of activated partial thromboplas-
tin time (aPTT) 55–60 seconds. However, on day 4 of 

admission, the fetal heart sounds abruptly stopped, and 
fetal monitoring confirmed an absent heartbeat. The obste-
trician diagnosed stillbirth and suggested cesarean section 
once the patient stabilized. On day 6, only a small exudative 
shadow was seen in the right lower lung on bedside chest 
X-ray. On day 7, oxygenation was stopped for 2 hours, and 
the heart rate, blood pressure, and SpO2 remained 
unchanged, and blood gas analysis showed pH 7.36, PO2 

86 mmHg, and PCO2 38.2 mmHg. Routine lower extremity 
vascular ultrasound on this day revealed intramuscular 
venous thrombosis in both lower limbs, and this prompted 
weaning from ECMO. On day 9 of admission, the cesarean 
section was performed. On day 11, bronchoscopy confirmed 
no obstruction in the trachea or in either main bronchi; CT 
pulmonary angiogram showed little inflammation bilaterally 
and no obstruction of the pulmonary artery or its branches. 
On day 15, after a successful spontaneous breathing trial, the 
patient was extubated, and oxygen therapy via tracheotomy 
was commenced. On day 17, the tracheotomy was closed 
and replaced by nasal oxygen inhalation. Finally, on day 20, 
the patient was discharged from hospital. At 3-month fol-
low-up, there was no hemoptysis, and a few cord-shaped 
shadows remained in the left upper lung on CT scan 
(Figure 4).

Discussion
While there is no consensus regarding definition, massive 
hemoptysis is understood as bleeding in the trachea, 
bronchus, and lung tissue in varying amounts exceeding 
100 mL or up to 600 mL in 24 hours, which compromises 
lung function. Massive hemoptysis is commonly seen in 

Figure 2 Contrast agent spilling from the distal end of the right pulmonary 
bronchial artery.

Figure 3 Histopathological examination of a clot specimen showed degenerative 
necrotic tissue but no epithelial cell component, and congestion and bleeding in the 
bronchial mucosa.
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chronic underlying diseases, such as tuberculosis and lung 
cancer, and may occur as an early symptom. The incidence 
of massive hemoptysis in pregnancy is low, but it is gen-
erally dangerous, posing serious threat to the safety of both 
the pregnant woman and the fetus.6 The cause of hemop-
tysis in our patient was confirmed to be bronchial artery 
rupture, which, in turn, may have been caused by 
increased blood volume and changes in hormone levels 
related to the pregnancy (the etiology remains unclear). 
The patient’s trachea was completely blocked by clotted 
blood, and an artificial airway was ineffective in enabling 
ventilation. With the support of a multidisciplinary team, 
we successfully used VV-ECMO to treat our pregnant 
patient with massive hemoptysis.

ECMO describes extracorporeal circulation equipment 
with a lung membrane and centrifugal pump as the core 
components, and can save time when treating reversible 
heart and lung diseases.4 With progressive developments 
in ECMO, it has been used in an increasingly wider range 
of clinical situations, from recovery after major cardiac 
surgery or the wait to lung transplantation, to use in 
various critical conditions, including cardiopulmonary 
resuscitation, acute myocardial infarction, severe fulmi-
nant myocarditis, and poisoning. Thus, ECMO has been 
playing an increasingly pivotal role in clinical practice. 
The use of ECMO during pregnancy has also been pre-
viously reported,7 in the context of H1N1 infection, 
amniotic fluid embolism, and perinatal cardiomyopathy. 
Despite this, ECMO is not commonly used in treatment 
of pregnant women, and VV-ECMO has rarely been used 
in the treatment of massive hemoptysis in pregnancy. One 
reason is that ECMO requires a skilled and specialized 
management team; more important, however, are concerns 

about the effects of ECMO anticoagulation and hemody-
namics in pregnancy. Moore et al9 found the survival rate 
for pregnant women receiving ECMO treatment to be 
77.8% and the fetal survival rate to be 65%. In the present 
case, massive hemoptysis completed obstructed the tra-
chea and left and right main bronchi, and the patient was 
obviously cyanotic. ECMO was the only option and was 
prescribed.

Ramanathan et al10 summarized 280 cases of pregnant 
women placed on VV- or venoarterial (VA)-ECMO treat-
ment from 1997 to 2017; among them, the indications for 
VV-ECMO in pregnancy included: severe reversible or 
irreversible respiratory failure; hypercapnia with severe 
respiratory acidosis despite optimal conventional mechan-
ical ventilation at >35 breaths/min; and ratio of arterial 
oxygen partial pressure to fractional inspired oxygen 
(PaO2/FiO2)<100 at oxygen concentration ≥90% and 
PEEP ≥10 cm H2O, despite use of ventilation measures 
such as low tidal volume, appropriate PEEP, lung recruit-
ment maneuvers, and prone position ventilation. The indi-
cations for VA-ECMO included: refractory left heart failure 
caused by perinatal cardiomyopathy, myocarditis, and myo-
cardial infarction; amniotic fluid embolism; prolonged car-
diopulmonary resuscitation following bupivacaine 
poisoning; and large pulmonary embolism. Our patient 
met the first two criteria for VV-ECMO, and, prior to 
ECMO, both left and right ventricular contractions were 
normal, left ventricular ejection fraction was 65%, and 
stroke volume was 65 mL, so we elected VV-ECMO assis-
tance. VV-ECMO was started at pump speed 3,500 rpm, 
flow 4.0 L/min, and flow/cardiac output ≥0.6, in line with 
Levy et al,11 who reported ECMO management require-
ments of continuous hypoxemia and SaO2 >88%.

Complications, such as hemorrhage, thrombosis, and 
thrombocytopenia, are not uncommon with ECMO. The 
physiological changes of pregnancy, the increase of 
volume and cardiac output, especially the changes of coa-
gulation system, increase the difficulty of anticoagulant 
management for ECMO treatment during pregnancy. One 
third of patients with ECMO during pregnancy have been 
reported to have bleeding.12,13 Notably, our patient experi-
enced all the aforementioned complications. Bleeding 
occurred at the right femoral vein puncture site, leaving 
a hematoma (from the joint action of puncture injury and 
heparin anticoagulation) despite local compression; 
Significantly, the hemoptysis, which immediately stopped 
after bronchial artery embolization, remained controlled 
for the duration of heparin therapy. As per the standards 

Figure 4 Computed tomography of the lung showed a few cords in the left upper 
lung.
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for ECMO anticoagulation management described by the 
Extracorporeal Life Support Organization,14 unfractio-
nated heparin therapy was initiated for anticoagulation 24 
hours after ECMO was established, with a target aPTT of 
55–60 seconds. Despite the clinical benefits of unfractio-
nated heparin (among which is its inability to cross the 
placenta), its use requires special attention in monitoring 
for the occurrence of thrombocytopenia, which, according 
to Reese et al,15 occurs in as many as 8% of pregnancies. 
Thrombocytopenia is mainly an ECMO centrifugal pump, 
pipeline adsorption, and activated coagulation. If platelets 
fall below 20,000/mL, platelet transfusion is required. 
While our patient was thrombocytopenic, her platelets 
were maintained at ≥50,000/mL, and transfusion was 
unnecessary. Thrombosis is another common complication 
of ECMO, occurring mainly at the puncture site, and may 
lead to life-threatening pulmonary embolism. Indeed, 
before withdrawing ECMO, we found bilateral intermus-
cular venous thrombosis in our patient, which required 
anticoagulation therapy. Upon examination at 2 weeks 
post-discharge, thrombosis was resolved.

The effect of ECMO on the fetus is unclear at present.8 

In the present case, the fetal heart rate suddenly disap-
peared at day 5 after ECMO initiation. Possible factors in 
the fetal demise include: hypoxia that occurred prior to the 
start of ECMO; stimulation of the uterus related to cathe-
terization of the femoral jugular vein; and secondary 
effects of the imaging agent (iodine contrast), analgesic/ 
sedative and muscle relaxant, and the antibiotics required 
during the ECMO intervention. It may be that preferential 
selection of a dual-lumen tube and catheterization through 
only the distant jugular vein will avoid trauma to the 
uterus and reduce the impact of drugs on the fetus. 
Despite the reports of successful use of ECMO to preserve 
the lives of pregnant women,16 the effects of ECMO on 
the fetus warrant further investigation.

In our patient, the massive hemoptysis led to the 
formation of clots that completely blocked the trachea 
and required removal. To perform the procedure, we 
elected to use bronchoscopy in combination with CO2 

cryotherapy. Use of a rigid bronchoscope, while provid-
ing superior direct suctioning ability,17 has complex 
technical requirements, and, thus, we opted to use 
a fiberoptic bronchoscope. Previously, the combination 
of fiberoptic bronchoscopy and CO2 cryotherapy has 
mainly been used in minimally invasive removal of 
tracheal tumors; however, it has promise as a simple 
and effective method for removal of clots obstructing 

the trachea after massive hemoptysis. The use in our 
case provides further evidence of the feasibility, pre-
viously proposed by Schmidt et al,18 of using bedside 
fiberoptic bronchoscopy for blood clot removal in criti-
cally ill patients with pulmonary hemorrhage.

In conclusion, the incidence of massive hemoptysis in 
pregnancy is low but poses a serious threat to the health of 
both the pregnant woman and the fetus. ECMO technology 
is now simpler and safer because of improvements addres-
sing biocompatibility and anticoagulation, and can be con-
sidered for respiratory function support in otherwise fatal 
hemoptysis of pregnancy. Further, fiberoptic broncho-
scopy–assisted CO2 cryotherapy can provide a simple 
and effective method for bedside clearance of clots in 
critically ill patients with massive hemoptysis.
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