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Abstract

Background Cardiac arrest and aneurysmal subarachnoid

hemorrhage both cause sudden, severe cerebral hypoper-

fusion at ictus. Animal studies indicate that the resultant

microvascular dysfunction and cerebral perfusion abnor-

malities are important determinants of the associated

cerebral injury in both conditions. Although this suggests

that perfusion imaging might be a useful tool for

prognostication in patients with these conditions, this

hypothesis has not been thoroughly investigated in humans.

Methods Case report.

Results A 49-year-old man developed cardiac arrest upon

rupture of an intracranial aneurysm. When he arrived at our

institution 10 h later, he was comatose, had neurogenic

hyperventilation, absent corneal reflexes, and continuous

multifocal myoclonus. Despite normal intracranial pressure,

normal cerebral perfusion pressure, normal flow in the

proximal cerebral arteries on CT angiography, and a lack of

diffuse cerebral edema, CT perfusion imaging performed

12 h after ictus showed severe, diffuse hypoperfusion. After

the development of refractory intracranial hypertension,

physiologic support was withdrawn and the patient died.

Conclusions Early global cerebral hypoperfusion can be

demonstrated by CT perfusion imaging after cardiac arrest

associated with high-grade aneurysmal subarachnoid

hemorrhage and may be indicative of poor neurologic

outcome. CT perfusion should be investigated as a prog-

nostic tool in these conditions.
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Introduction

Providing a rapid and accurate neurologic prognosis for

patients who have suffered cardiac arrest or high-grade

subarachnoid hemorrhage (SAH) represents a major chal-

lenge for the neurointensivist. Existing methods of

prognostication after cardiac arrest are unable to indicate

an accurate prognosis in a significant number of patients

and often require days of clinical observation [1]. Similar

problems exist in prognostication after high-grade SAH

[2]. The ideal tool for neurologic prognostication in these

situations would use objective data available immediately

after the clinical event to provide an accurate and precise

picture of the patient’s ultimate neurologic function.

Animal models of cardiac arrest and SAH indicate that

cerebral hypoperfusion that persists well after the return of a

normal cerebral perfusion pressure and is responsible for a

significant proportion of the cerebral injury caused by these

conditions [3, 4]. This suggests that perfusion imaging might

be a useful tool for neurologic prognostication in these
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conditions. Nonetheless, early cerebral perfusion imaging

has not been extensively studied in humans with these con-

ditions. Here we present a clinical–radiological correlation

of severe early global cerebral hypoperfusion demonstrated

by CT perfusion imaging after aneurysmal SAH with cardiac

arrest.

Case Summary

A 49-year-old man suddenly lost consciousness after

engaging in strenuous physical activity. He was found by

bystanders to be pulseless, and CPR was begun within

minutes. When paramedics arrived approximately 20 min

later, his cardiac rhythm revealed pulseless electrical

activity. Spontaneous circulation eventually returned after

an unknown period of resuscitation. He was then trans-

ported to a local emergency department where a head CT

revealed diffuse SAH (Fig. 1a, c). At this point he was

noted to have vigorous, continuous multifocal myoclonus,

which was successfully treated with propofol. Therapeutic

hypothermia was not instituted.

The patient was transferred to our neuroscience inten-

sive care unit approximately 10 h after ictus. Upon arrival,

his blood pressure was 149/112 mmHg and he had been

hemodynamically stable prior to and during transport. On

initial examination in the absence of pharmacologic seda-

tion or paralysis, his eyes were closed and he was not

responsive to any stimuli. He was markedly tachypneic,

with a respiratory rate of 40 breaths per minute. The pupils

were 4 mm and reactive to light. Corneal reflexes were

absent. The oculocephalic and cough reflexes were present.

Continuous multifocal myoclonus was present.

CT, CT angiography (CTA), and CT perfusion (CTP) of

the brain were performed approximately 12 h after ictus. The

CT showed extensive SAH and multiple areas of low atten-

uation in both cerebral hemispheres consistent with evolving

ischemia. Notably, there was no evidence of diffuse cerebral

edema. CTA demonstrated a 9 9 10 9 7 mm aneurysm of

the supraclinoid left internal carotid artery and normal flow

in the circle of Willis and its major branches. There was

marked cerebral hypoperfusion on CTP, most prominently in

areas with the most profound cortical hypoattenuation noted

on the precontrast images (Fig. 1b, d).

An external ventricular drain was placed immediately

after the CT studies and revealed a normal opening pres-

sure of 15 mmHg. Three hours later, the patient developed

hypotension requiring treatment with vasopressor agents,

as well as intracranial hypertension refractory to osmo-

therapy. Although he did not fulfill criteria for brain death,

Fig. 1 a, b Pre-contrast CT

demonstrates extensive diffuse

subarachnoid hemorrhage and

the presence of a partially

thrombosed aneurysm on the

supraclinoid portion of the left

internal carotid artery (CTA not

shown). Extensive low

attenuation changes can be seen

within the cortex of both

cerebral hemispheres, consistent

with evolving cortical ischemia.

These changes are most marked

in the frontal and insular cortex,

but also involve portions of the

parietal and occipital cortex. c,

d CT perfusion demonstrates

markedly reduced cerebral

blood flow within the visualized

portion of the cerebral

hemispheres. These changes are

most marked in the areas with

the most profound cortical low-

attenuation changes noted on

pre-contrast images
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he did not improve. Given the grave prognosis, his family

decided to withdraw physiologic support and he died

approximately 48 h after the onset of symptoms. No

postmortem examination was performed.

Discussion

Disordered cerebral perfusion after cardiac arrest has been

studied in detail in animal models and is thought to be

responsible for a significant proportion of the cerebral

injury that occurs after cardiac arrest [3]. It was originally

described in a rabbit model by Ames and colleagues as the

‘‘no-reflow phenomenon,’’ referring to a lack of filling of

the cerebral microcirculation on reperfusion after arrested

cerebral circulation [5]. In animal models, no-reflow is

seen in increasingly greater proportions of the brain as the

duration of circulatory arrest increased and is improved

with hemodilution and increased post-arrest perfusion

pressures [6]. Various mechanisms have been proposed as

causes of no-reflow, including increased blood viscosity

due to stasis, endothelial damage with the formation of

capillary-obstructing endothelial blebs, and capillary

compression by swollen glial cells [3]. A separate disorder

of cerebral blood flow termed delayed global cerebral

hypoperfusion has also been described in animal models of

diffuse cerebral ischemia. This refers to diffuse hypoper-

fusion to below 50% of normal that begins approximately

30 min after resumption of normal circulation and persists

for about 20 h [7, 8]. In a dog model, this was associated

with a severe mismatch between cerebral oxygen uptake

and delivery [8]. The mechanisms underlying this process

are not known, but may be similar to those thought to be

responsible for no-reflow [7].

Global cerebral hypoperfusion and resultant acute ische-

mic damage also occur after aneurysmal SAH in animal

models. This is initially caused by a fall in cerebral perfusion

pressure as intracranial pressure spikes due to aneurysm

rupture [4, 9]. A significant and diffuse reduction of cerebral

perfusion, however, has been shown to persist long after

cerebral perfusion pressure returns to normal [4]. Indirect

human evidence for this phenomenon exists in the form of

‘‘ictal infarctions’’ described on admission CT scans largely

in poor-grade patients by Schmidt et al. [10]. The mecha-

nisms underlying early global cerebral hypoperfusion after

SAH are not well understood, but are thought to primarily

involve endothelial dysfunction brought on by both the ini-

tial hypoperfusion insult as well as the pro-inflammatory,

pro-thrombotic, and pro-vasoconstriction properties of

extravasated subarachnoid blood [11].

Data regarding the natural history of cerebral perfusion

after cardiac arrest in humans are sparse, difficult to

compare, and yield inconsistent results. Although xenon-

enhanced CT, PET, and SPECT have all been investigated

for this purpose, thus far no clinically useful information

has been learned [8, 12–15]. Similarly, meaningful human

data from direct investigations of cerebral perfusion in the

acute phase after subarachnoid hemorrhage are lacking.

The CTP images from our patient, therefore, represent

unique human evidence of early global cerebral hypoper-

fusion after aneurysmal SAH with cardiac arrest. It is

notable that severe, diffuse hypoperfusion occurred despite

normal filling of the proximal major cerebral arteries, a

lack of diffuse cerebral edema, and in the presence of a

normal cerebral perfusion pressure. These facts eliminate

early vasospasm and elevated intracranial pressure as

causes of the hypoperfusion and suggest that it is due to a

global defect in the microcirculation. This is consistent

with what is known from animal models of cerebral per-

fusion after cardiac arrest and subarachnoid hemorrhage, as

described above. It is probable that in this patient, the

effects of the two conditions were additive or synergistic.

This example of delayed global cerebral hypoperfusion

as evidenced by CTP, coupled with clinical signs of poor

prognosis (i.e., continuous multifocal myoclonus and

absent corneal reflexes in our patient) and a poor outcome,

suggests that CTP should be investigated as tool for early

neurologic prognostication after cardiac arrest was well as

after high-grade subarachnoid hemorrhage.
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