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Case Report

Intracranial Hemorrhage Identified in the Early Stage after Applying Extracorporeal
Membrane Oxygenation to Support Cardiopulmonary Resuscitation

Yong Hwan Kim, M.D., Kyoung Yul Lee, Ph.D.", and Seong Youn Hwang, M.D.

Department of Emergency Medicine, Samsung Changwon Hospital, Sungkyunkwan University School of Medicine;
*Depanment of Physical Education, Kyungnam University, Changwon, Korea

Extracorporeal membrane oxygenation support can extend the duration of cardiopulmonary resuscitation, but neurologic complica-

tions may develop. Cardiac arrest is a fairly common complication following severe intracranial hemorrhage; this complication is en-

countered both out-of-hospital and in-hospital with variable frequency. To prevent cerebral complications, to detect the cause of cardiac
arrest, and to guide further treatment, early neuroimaging study is needed. Herein, we report a case of intracranial hemorrhage identified
after extracorporeal cardiopulmonary resuscitation, in which the cause of the hemorrhage was not clear.
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Despite recent advances in cardiopulmonary resuscitation
(CPR), few patients could achieve return of spontaneous circu-
lation (ROSC) with conventional CPR, and the outcome after car-
diac arrest (CA) is still poor. Pretto et al.[1] and Safar et al.[2] re-
ported the effectiveness of emergency cardiopulmonary bypass
for CPR in an animal model, and discussed the possibility of em-
ploying cardiopulmonary bypass as a CPR method. Martin et
al.[3] reported that percutaneous cardiopulmonary bypass could
be initiated in the emergency department. Since then, veno-arte-
rial extracorporeal membrane oxygenation (ECMO) has been
performed in emergency departments (ED), and can be used for
performing extracorporeal cardiopulmonary resuscitation (ECPR)
in patients with out-of-hospital cardiac arrest (OHCA).[3,4] Recently,
Chen et al.[5] reported that ECPR is superior to conventional
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CPR in in-hospital cardiac arrest patients. Although there is no
sufficient evidence to support the efficacy of ECPR in OHCA pa-
tients, encouraging results have been obtained in several small
case series.[4,6] However, there have been a few reports of com-
plications in patients who underwent ECMO. Moreover, it is not
clear when intracranial hemorrhage will occur after applying
ECMO. We report a case of intracranial hemorrhage identified in
the early stage after applying ECMO to support CPR. In this case,
it was unclear whether this was the cause of cardiac arrest, or an

ECMO-related neurologic complication.

Case Report

A 49-year-woman had been in her usual health, with hyper-
tension, until approximately 6:30 on the morning of admission.
When her husband found her collapsed, he called emergency
medical services (EMS). Bystander CPR was performed by her
husband as per EMS pre-arrival instructions. On examination by
EMS personnel at 6:40 a.m., she was unresponsive. An automated
external defibrillator (AED) monitor revealed ventricular fi-
brillation (VF). CPR was begun, shock was administered by an

AED, and the patient was moved to an ambulance. During transfer
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Fig. 1. Angiographic findings of
the coronary arteries. (A, B) 40%
flow limiting coronary stenoses
in the mid to distal left anterior
descending artery, and diffuse
spasm of all three coronary arteries.

Fig. 2. Brain CT image shows an intraventricular hemorrhage in both temporal horns, hemorrhage in the frontal lobe, and severe brain swelling
(A). The brain CT angiogram reveals no evidence of aneurysm in the major intracranial vessels (B, C).

to our ED, resuscitation efforts were continued without interruption.
The ambulance arrived at the hospital at 7:05 a.m. On arrival, the
patient was in cardiac arrest with refractory VF, and was pulseless.
Her pupils were fully dilated (at about 7 mm) and unresponsive to
light. CPR was performed immediately. During 15 minutes of re-
suscitation, the trachea was intubated. Amiodarone was ad-
ministered intravenously, and seven direct-current countershocks
were administered. Resolution of the VF failed to be achieved, so
the decision was made to use extracorporeal membrane oxygen-
ation (ECMO) for cardiopulmonary life support in our ED at 7:20
a.m. VA ECMO catheters were inserted into both femoral vessels
for resuscitation at 7:48 a.m. The pump flow was set to 3.0 L/min,
with a fraction of inspired oxygen of 1.0. Sustained ROSC was
dramatically achieved at 7:50 a.m. Unfractionated heparin (3000
1U) as a bolus dose and 800 IU per hour by continuous infusion
was used for anticoagulation. A 12-lead ECG showed sinus rhythm
at 88 beats per minute; ST-segment depression of 2 to 3 mm in
leads V through V4. The results of a complete blood count showed
a WBC count of 19,200/ul, hemoglobin of 13.4 g/dl and platelet
count of 223,000/ul. Her activated partial thromboplastin time
(aPTT) was 48.8 sec (referece range, 23 to 41), and prothrombin

time (PT) were within the normal limits. Arterial blood gas analy-
sis (ABGA) in room air showed severe hypoxia, hypercapnia and
acidosis: pH of 6.80, oxygen partial pressure (PaO2) of 23
mmHg, and carbon dioxide partial pressure (PaCO2) of 112
mmHg. Troponin-I was 0.18 ng/ml (reference range, 0 to 0.04).
Serum glucose was 419 mg/dl. Aspartate aminotransferase and
alanine aminotransferase were 95 IU/L and 77 IU/L, respectively.
Blood levels of electrolytes, calcium, magnesium, total protein,
creatinine, and albumin were normal. Prompt percutaneous coro-
nary intervention was performed for presumed acute myocardial
infarction (AMI). Coronary angiography (CAG) was performed at
8:20 a.m., revealing 40% flow limiting coronary stenoses in the
mid to distal left anterior descending artery, and diffuse spasm of
all three coronary arteries (Fig. 1). In the angiography room, her
pupil size had returned to 3 mm, and pupils were sluggishly re-
sponsive to light. Unfortunately, brain computed tomography (CT),
checked at 10:10 a.m. before post-resuscitation treatment, showed
an intraventricular hemorrhage in both temporal horns, hemor-
rhage in the medial side of both frontal lobes, and severe brain
swelling (Fig. 2A). However, a brain CT angiogram showed non-

specific findings in both internal carotid arteries, anterior cerebral



arteries, middle cerebral arteries, and posterior cerebral arteries
(Fig. 2B and 2C). Heparin was replaced by nafamostat as anti-
coagulant, and an anti-platelet agent was not used. After the fam-
ily agreed to a “do not resuscitate” order, the patient expired the

next morning.

Discussion

The case of this patient highlights two ECPR related major
issues. One is intracranial complications of ECMO, and the other
is cardiac abnormalities as a result of intracranial hemorrhage.

Although ECMO can improve the survival of patients with
several severe conditions, there is a significant level of morbidity
associated with the performance of this intervention. Some small
series testing ECMO have reported complications associated
with the use of ECMO in cardiogenic shock and cardiac arrest.
However, the exact rates of these complications are not well un-
derstood, as they vary in frequency between series, in part due to
the small sample sizes.[7-10] Neurological injuries, mainly intra-
cranial hemorrhage and cerebral infarction are feared complica-
tions of ECMO that result in increased patient morbidity and risk
of death. This can be attributed both to pre-ECMO asphyxia or
hypotension and to the ECMO procedure itself, coagulopathy,
and systemic heparinization.[11] To prevent or reduce cerebral
damage and to guide further treatment, early diagnosis is needed.
However, neurological evaluation of the patients on ECMO is of-
ten difficult because of sedation and pharmacologic paralysis.
For adults and children, the methods available for diagnosis of
cerebral injury while under ECMO therapy are limited. In a pre-
vious study, intracranial hemorrhage occurred in 7.4% of all
ECMO-treated patients, while 36% of those patients survived to
hospital discharge.[12] However, few studies have been per-
formed on the pediatric and adult populations, making the re-
ported frequency of intracranial complications during ECMO
likely to be less reliable.[13,14] In addition, the time at which the
intracranial hemorrhage occurs is not well known.

Among OHCA patients, between 4-16.2% have an arrest related
to subarachnoid hemorrhage (SAH).[15,16] Proposed mecha-
nisms for cardiac arrest in SAH patients include cardiac arrhythmias,
respiratory arrest and cerebral herniation due to raised intra-
cranial pressure. Cardiac abnormalities as a result of intracranial
hemorrhage are likely to be the consequence of an adrenergic
storm in the setting of neurologic disorders. The initial rhythm
observed in those patients was most commonly pulseless elec-

trical activity (PEA), with proportions ranging from 43% to 63%,
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and asystole, ranging from 44% to 57% in OHCA.[15-17]
However, VF occurred only in 0 to 18%.[15-17] Various neuro-
logical disorders, most importantly SAH, were reported to have
an electrographic presentation resembling the characteristic fea-
tures of AMI in the form of repolarization abnormalities (e.g.
ST-segment elevation).[18] The incidence of SAH was 15% to
20% in patients without a vascular lesion on cerebral angiog-
raphy, and up to 24% of all SAH patients with a negative on their
initial angiography were found to have an aneurysm on a repeated
angiography.[19] Although vascular cause was ruled out by the
CT angiogram, we could not exclude a microaneurysm in this
case.

Neurotoxicity of the contrast media (CM) can sometimes mim-
ic SAH, i.e., by leakage of CM into the subarachnoid space.[20]
Although SAH is one of the major bleeding events that can but
rarely occur after CAG, extravasation of the CM by disruption of
the blood-brain barrier after CAG can sometimes mimic acute
SAH on a brain CT.

In this case, initial ventricular fibrillation rhythm, ST-segment
depression on a postresuscitation ECG, and cardiac enzyme ele-
vation did not show evidence of the presence of an acute culprit
lesion for myocardial infarction on the coronary angiography.
However, the results of the coronary angiography could not rule
out coronary artery vasospasm as the cause of her collapse.
Diffuse spasms of all three coronary arteries could be interpreted
as a consequence of coronary vasospasms due to intracranial
hemorrhage. A vascular lesion as the cause of intracranial hemor-
rhage was not found on the brain CT angiogram. It is not certain
whether ECMO-related neurologic complications were the cause
of the intracranial hemorrhage, because brain CT was not
checked immediately after ECMO insertion, but was delayed by
about two and a half hours.

In summary, we present a case where the pathophysiology of
intracranial hemorrhage after ECPR was not clear. Therefore, in
ECPR patients, several etiologies should be considered for find-
ing the cause of intracranial hemorrhage, and a brain CT should

be obtained as early as possible after ECMO insertion.
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