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Case Report
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Abstract: Introduction: ECMO is an advanced technology for extracorporeal respiratory and circulatory support. It 
involves the extraction of venous blood from the patient’s body, which is subsequently oxygenated within an oxy-
genator (or membrane lung). This oxygen-rich blood is reinfused either into veins or arteries, rapidly compensating 
for impaired lung and heart functionalities. ECMO mirrors the essential processes of cardiac output in facilitating 
tissue perfusion and gas exchange, thereby expanding the therapeutic window for critically ill patients with acute 
circulatory insufficiency, and enabling restoration of cardiopulmonary function. We report a 55-year-old woman with 
no prior significant health issues who suddenly experienced headache accompanied by nausea and vomiting while 
resting at home. A small amount of gastric content was vomited, and no specific treatment was administered. Two 
hours later, she was found unconscious on the bathroom floor, with her mouth and nose filled with vomit, loss of 
consciousness, dyspnea, and urinary incontinence. A cranial CT scan revealed “subarachnoid hemorrhage with 
left frontal lobe cerebral hemorrhage extending into the ventricular system”. Despite intervention, the peripheral 
blood oxygen saturation rapidly dropped to 70%. The electrocardiogram showed sinus rhythm with abnormal ST-T 
changes. Subsequently, the ECMO (Extracorporeal Membrane Oxygenation) specialized treatment team performed 
a bedside ultrasound-guided Veno-Arterial (V-A) ECMO implantation procedure for the patient. Given that cranial 
CTA imaging demonstrated a 5 mm × 5 mm × 7 mm wide-necked aneurysm with an irregular shape at the M1 bi-
furcation of the left middle cerebral artery, this aneurysm was deemed the culprit lesion responsible for the rupture 
and bleeding. Consequently, an ECMO-supported cerebral aneurysm stent-assisted embolization procedure was 
carried out. Following anticoagulation, anti-infection therapy, continuous cerebrospinal fluid drainage, nimodipine 
infusion to prevent cerebral vasospasm, and traditional Chinese medicine rehabilitation treatment, the patient 
regained spontaneous respiration on the 5th day after surgery. She was successfully discharged from the hospital 
on the 26th day post-surgery. Thus, ECMO-supported stent-assisted embolization treatment modality is feasible for 
patients with ruptured cerebral aneurysms and subarachnoid hemorrhage. However, the value of ECMO in recover-
ing consciousness among patients with ruptured cerebral aneurysm and subarachnoid hemorrhage-induced coma 
requires further validation through a larger number of cases.
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Introduction

Extracorporeal membrane oxygenation (ECMO) 
represents a novel technology for extracorpo-
real respiratory and circulatory support [1]. It 
involves draining venous blood from the body, 
oxygenating it through an oxygenator (mem-
brane lung), and then reinfusing it into a vein or 
artery. This process temporarily replaces lung 

and heart function, providing vital support for 
critically ill patients. Since its introduction in 
1972, peripheral VA-ECMO has increasingly 
been utilized for refractory cardiogenic shock. 
According to the Extracorporeal Life Support 
Registry, over 15,000 adult patients have 
received VA-ECMO support since 1990, with an 
approximate discharge survival rate of 40%. 
However, its application in China remains limit-
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ed, though its use in clinical resuscitation and 
rescue of cardiac arrest patients appears 
promising. It is crucial to note that ECMO alone 
can only sustain vital signs; addressing the 
underlying cause of illness is equally important. 
In ECMO-supported patients, neurological com-
plications are prevalent, and paralysis or hypox-
ic conditions may hinder neurological assess-
ment. The combination of ECMO with inter- 
ventional surgery, particularly nerve interven-
tion therapy, is uncommon, with only a handful 
of cases involving thrombus removal under 
ECMO support reported. 

We have previously documented a case involv-
ing basilar artery thrombectomy and left poste-
rior artery stent thrombectomy under ECMO, 
though the patient ultimately succumbed to 
heart failure. To our knowledge, there have be- 
en no reported cases of aneurysm emboliza-
tion supported by ECMO. In cases where pa- 
tients experience acute circulatory failure, the 
heart may be unable to provide adequate per-
fusion pressure or blood supply to the brain, 
significantly reducing feasibility of nerve inter-
vention. Early establishment of ECMO support 
can rapidly restore systemic blood circulation 
and oxygen supply, stabilizing hemodynamics 
and blood pressure during nerve intervention 
surgery, thereby facilitating successful nerve 
intervention procedures under ECMO support.

Case report

The patient was a 55-year-old female with no 
significant medical history. She suddenly devel-
oped headache accompanied by nausea and 
vomiting while resting at home. She vomited a 
small amount of gastric contents without recei- 
ving any specific treatment. Two hours later, 
she was found collapsed on the bathroom floor, 
with her mouth and nose filled with vomitus. 
She also experienced confusion, dyspnea, and 
urinary incontinence. Emergency medical ser-
vices were called, and emergency physicians 
promptly arrived at the scene and initiated sup-
portive symptomatic treatment immediately, 
including “cardiac monitoring, endotracheal in- 
tubation, and ventilator-assisted respiration”. 
Upon admission to the hospital, a head CT scan 
revealed “subarachnoid haemorrhage with left 
frontal lobe intracerebral haemorrhage extend-
ing into the ventricular system” (Figure 1A); a 
chest CT scan indicated “diffuse lesions in both 
lungs (white lungs), pulmonary edema, and as- 

piration pneumonia (Figure 1B)”. Despite ven- 
tilator-assisted respiration via tracheal intu- 
bation (ventilator parameters: inhaled oxygen 
concentration 100%, PEEP 8 cm H2O, Ps12 cm 
H2O, respiratory rate 18 breaths/min), peri- 
pheral oxygen saturation rapidly decreased to 
70%. The electrocardiogram showed sinus rhy- 
thm with abnormal ST-T changes. Following ex- 
pert consultation, severe hypoxemia due to the 
aspiration of gastric contents into the lungs 
was an indication for ECMO (Extracorporeal 
Membrane Oxygenation).

Informed consent was obtained from the pa- 
tient’s family members, and an ECMO special-
ist team initiated bedside ultrasound-guided 
V-A ECMO. The ECMO parameters were set as 
follows: flow rate, 2.39 L/min; rotation speed, 
2186 rpm; no heparin anticoagulation; target 
APTT, 40-60 s; and ACT, 180-220 s (heparin 
dose adjusted based on the ACT and APTT val-
ues). The vital signs after ECMO initiation were 
as follows: T, 36.7°C; P, 102 beats/min; R, 18 
beats/min (spontaneous + ventilator-controll- 
ed); BP, 95/54 mmHg; and SPO2, 99%. Despite 
the normalization of oxygen saturation, heart 
rate and blood pressure under ECMO support, 
the patient’s consciousness gradually dete- 
riorated. Two hours after ECMO initiation, the 
Glasgow Coma Scale (GCS) score ranged from 
13-14 points, indicating mildly impaired con-
sciousness; scores ranging 9-12 points indi-
cate moderately impaired consciousness, and 
scores ranging 3-8 points indicate severely 
impaired consciousness. A score less than 8 
points indicates a comatose state, and a score 
less than 3 points indicates deep coma  
or brain death. The patient’s Hunt-Hess score 
was ≤ 4 points, indicating grade V haemor-
rhage, the bilateral pupils were dilated, and the 
patient was assessed to be in deep coma. After 
consultation with interventional radiologists 
and neurosurgeons, the patient was deemed 
unsuitable for active surgical craniotomy or 
intervention, and it was recommended that she 
continue her current medical treatment.

Fourteen hours after ECMO initiation, the 
patient could be aroused and was able to 
understand instructions, close eyes and turn 
her head when instructed. The Hunt-Hess 
grade was III. Repeat chest CT scan, head CT 
scan, and cerebral angiography (CTA) revealed 
no significant reduction in the extent of the lung 
lesion. The extents of subarachnoid haemor-
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Figure 1. A. Subarachnoid haemorrhage, left frontal lobe cerebral haemor-
rhage. B. Diffuse lesions in both lungs: white lungs. C. Wide carotid aneu-
rysm at the M1 bifurcation of the left middle cerebral artery. D, E. Aneurysm 
stent-assisted dense spring coil tamponade and M1 upper trunk and lower 
trunk vessel patency. F, G. Subarachnoid hemorrhage and hematoma re-
sorption with centred midline structures. H. Chest CT scan showing signifi-
cant resorption of the original lung shadow.

rhage and cerebral haemor-
rhage did not increase com-
pared with those at admis- 
sion. CTA revealed a wide 5 × 
5 × 7 mm carotid aneurysm 
with an irregular morphology 
in the left middle cerebral 
artery at the bifurcation of  
M1 (Figure 1C). The aneurysm 
was judged to be the lesion 
responsible for the rupture 
and hemorrhage.

Decision-making process: Af- 
ter consulting with neurosur-
geons, the interventional ra- 
diologist noted that the pa- 
tient was previously in good 
health without other underly-
ing diseases or obvious abnor-
malities in cardiac function, 
had improved consciousness 
and partially recovered spon-
taneous respiration, and had  
no increase in the extent of 
subarachnoid haemorrhage or 
cerebral haemorrhage com-
pared to that at admission. 
Minimally invasive endovascu-
lar treatment was, therefore, 
more suitable for the patient 
who could undergo stent-
assisted embolization of cere-
bral aneurysms under ECMO 
support.

Decision-making process: Af- 
ter obtaining the approval of 
the Hospital Medical Ethics 
Committee and communicat-
ing the patient’s condition 
with the family members,  
an informed consent form  
for cerebral angiography and 
aneurysm embolization sur-
gery was signed. The ECMO 
operation team accompanied 
the patient to the catheteriza-
tion room of the Department 
of Radiology and Interventio- 
nal Medicine. The anesthesi-
ologist administered intrave-
nous general anaesthetics to 
the patient. Under monitoring 
by DSA (Siemens Artis Zeego), 
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access was gained through the left femoral 
artery route (the right femoral artery had a 
VA-ECMO channel) for total cerebral angiogra-
phy and 3D reconstruction of the left internal 
carotid artery. The images revealed a wide 
carotid aneurysm with an irregular morphology 
in the middle cerebral artery at the bifurcation 
of M1, with a close relationship between the 
neck of the aneurysm and the inferior trunk of 
M. Intraoperative discussion concluded that 
the aneurysm could be embolized with a spr- 
ing coil assisted by a Neuroform Atlas stent. 
The 8F guiding catheter was exchanged into 
the left internal carotid artery with the 6F inter-
mediate catheter, and the SL-10 microcatheter 
with a microguidewire was introduced into the 
distal part of the M1 lower trunk through the 
intermediate catheter. Then, the Echelon-10 
microcatheter (EV3) was introduced into the 
aneurysm lumen under the assistance of the 
microguidewire, the AXIUM PRIME 6 mm × 15 
cm 3D basket spring coil was released into the 
lumen of the aneurysm, and the Neuroform 
Atlas stent (3 mm × 24 mm from Stryker) was 
released through the SL-10. After the AXIUM 
PRIME 6 mm × 15 cm 3D basket spring coils 
were released into the aneurysm cavity, the 
Neuroform Atlas stent (Stryker 3 mm × 24 mm) 
was released via the SL-10 to cover the neck of 
the aneurysm, and 8 spring coils were subse-
quently released into the aneurysm cavity via 
the Echelon-10 microcatheter to densely pack 
the aneurysm. Imaging revealed that the aneu-
rysm had disappeared, the adjacent M1 upper 
and lower trunk arterioles were smooth (Figure 
1D, 1E), and the intervention procedure was 
completed. The intervention was completed. 
During the operation, the patient’s vital signs 
remained stable, all monitoring indices were 
normal, and the period of awakening from was 
uneventful. The left femoral artery catheter 
sheath was retained, and the patient was sent 
back to the intensive care center with ECMO 
support and a ventilator. Postoperative mea-
sures: 1. Control blood pressure at approxi-
mately 120/80 mmHg; 2. Provide “anticoa- 
gulation and anti-cerebral vasospasm” treat-
ment; and 3. Implement blood cerebrospinal 
fluid replacement with a bedside lumbar ci- 
stern drainage tube. Postoperative assess-
ments revealed a Glasgow Coma Scale (GCS) 
score of 12 and a Hunt-Hess grade of III.

Postoperative management: After anticoagula-
tion, anti-infection treatment, continuous cere-

brospinal fluid replacement, morphine adminis-
tration to prevent cerebral vasospasm, and 
traditional Chinese medicine rehabilitation, the 
patient resumed voluntary respiratory treat-
ment on the 5th day after stent-assisted embo-
lization of the cerebral aneurysm. On the 6th 
day after the operation, the chest X-ray taken  
at the bedside showed a significant reduction 
in the extent of shadow in the lungs, and a 
repeat cranial CT scan demonstrated absorp-
tion of subarachnoid haemorrhage and hae- 
matomas in the brain parenchyma with the 
midline structure centred (Figure 1F, 1G).  
ECMO was successfully withdrawn on the 9th 
day, and the patient was discharged on the 
26th day. Before discharge, a chest CT scan 
showed that the original lung shadow was 
almost completely absorbed (Figure 1H). Her 
Hess-Hunt grade was II, her mRS score was II, 
and her Glasgow Coma Scale (GCS) score was 
15. Three months after discharge, during tele-
phone follow-up, the patient’s general condition 
was good, and she was able to take care of 
herself.

Discussion

Extracorporeal membrane oxygenation (ECMO) 
provides powerful cardiopulmonary support 
and plays an important role in the treatment of 
patients with severe hypoxemia, respiratory 
failure, fulminant myocarditis, severe heart fail-
ure, and other acute and critical diseases [2]. 
However, ECMO, as a high-risk operation tech-
nique, is prone to various fatal complications 
during its implementation, among which acute 
brain injury is one of the common complica-
tions and the main cause of death in patients 
treated with VA-ECMO [3]. Recent literature 
shows that the incidence of intracranial com- 
plications is as high as 5%-21%. In ECMO 
patients, the extensive use of sedation and 
neuromuscular blockade to prevent ventilator 
dyssynchrony and cannula dislodgement can 
potentially delay the recognition of neurological 
deterioration and subsequent stroke assess-
ment. Following the initiation of ECMO, there is 
a trend towards discontinuing neuromuscular 
blockade and reducing sedation levels. In previ-
ously reported cases of neurologic interven-
tions performed with ECMO support, the major-
ity were emergency procedures for ischemic 
stroke management (Table 1).

A ruptured intracranial aneurysm causing sub-
arachnoid haemorrhage is also a common acu- 
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te and critical clinical condition with a high mor-
tality rate. Given the high complication rate of 
ECMO support in the treatment of patients with 
neurological disorders [4], ECMO is usually not 
recommended by clinicians for patients with 
ruptured aneurysms and subarachnoid haem-
orrhage (SAH).

In this case, after the patient developed sud-
den subarachnoid haemorrhage (SAH), the gas-
tric contents were aspirated into the bilateral 
alveoli, resulting in the admission CT images 
showing “large white lungs” (Figure 1B). Despite 
the timely initiation of the ventilator-assisted 
breathing mode, the blood oxygen saturation 
level decreased rapidly. Without prompt correc-
tion of severe hypoxemia, the patient would 
have suffered irreversible severe damage to 
the heart, brain, and kidneys. The patient was 
55 years old and previously healthy with normal 
cardiac function. Timely administration of VA- 
ECMO rapidly corrected hypoxemia, and the 
oxygen saturation increased from 70% before 
initiation to 99%, ensuring an adequate oxygen 
supply to the heart, kidneys, and brain tissues, 
thereby creating an opportunity for subsequent 
treatment of the ruptured aneurysm. After 14 
hours of VA-ECMO support, consciousness im- 
proved, and spontaneous respiration was par-
tially restored, meeting the criteria for active 
treatment of cerebral aneurysm. The minimally 
invasive endovascular treatment approach was 
more suitable for this patient. After densely 
packing the aneurysm for embolization with the 
assistance of a stent, lumbar cistern haemo-
peritoneum cerebrospinal fluid replacement 
was performed, which quickly diluted the blood 
within the cerebrospinal fluid and reduced the 
incidence of cerebral arterial spasm, thereby 
leading to relatively good clinical outcome. 
Although the current literature demonstrates 
that ECMO support has damaging neurological 
effects [9], severe hypoxemia resulting from 
aspiration of gastric contents poses a greater 

risk to the patient. Whether this patient’s rapid 
improvement in consciousness was a direct 
result of ECMO requires further confirmation 
from additional relevant cases, but at least part 
of the contribution of ECMO was the normaliza-
tion of blood oxygen levels and the stabilization 
of the body’s internal environment.

Conclusion

Stent-assisted embolization with ECMO sup-
port is a feasible mode of treatment for patients 
with ruptured cerebral aneurysms and sub-
arachnoid haemorrhage. The value of ECMO in 
promoting awakening in comatose patients 
with ruptured cerebral aneurysms and sub-
arachnoid haemorrhage needs to be further 
confirmed in more cases.
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