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Abstract Delayed cerebral ischemia occurs in about 30%

of patients during the first 2 weeks after subarachnoid

hemorrhage, and can result in substantial disability and

death. Research studies investigating the incidence of

delayed cerebral ischemia and strategies for prevention and

treatment are hampered by inconsistent use of terminology

and definitions for this complication, and by reliance on

indirect surrogate markers of ischemia. A literature review

was conducted to search for studies that addressed the issue

of inconsistent definitions of delayed cerebral ischemia

through December 2010. A total of four studies were

identified. Original research studies and consensus panel

recommendations for definitions support limiting the use of

combined measures that include both clinical and radio-

graphic assessments, as well as indirect measures, and the

current usage of the term vasospasm. Cerebral infarction

was supported as the most appropriate definition for

delayed cerebral ischemia in the context of clinical trials.
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Introduction

Cerebral ischemia that occurs after subarachnoid hemor-

rhage (SAH) is called delayed cerebral ischemia (DCI).

About 30% of in-hospital patients with aneurysmal SAH

develop DCI as a complication within the first 2 weeks

after the hemorrhage [1, 2]. Clinical features of DCI can be

reversible or progressing to cerebral infarction, which can

result in long-lasting, severe disability or death.

Understanding the role of DCI after SAH is complicated by

inconsistencies in definitions of DCI in the literature. In

addition, a variety of terms have been used to reflect DCI

(Box 1). In clinical trials and observational studies that have

used DCI as an outcome event, terms and definitions to

describe the phenomenon of cerebral ischemia have been

inconsistently used [3, 4]. A major cause for this inconsistency

is the utilization of definitions that combine radiographic

evidence of vasospasm with clinical features of cerebral

ischemia, considering that multiple factors may contribute to

DCI [5–8]. A second cause of confusion is the variability and

overlap of terms and definitions used to describe each phe-

nomenon. In some cases, definitions are incomplete or absent.

Inconsistencies in using terms and clarifying definitions make

it almost impossible to compare the results between studies,

understand the actual impact of treatment interventions,

aggregate results into meta-analyses [9, 10], or construct

guidelines with a high level of evidence [3, 11].

In order to appreciate the role of DCI in SAH, it is

important to understand why the terms vasospasm and DCI

are often used interchangeably and how they should be best
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defined: This review offers recommendations for defini-

tions to most accurately express clinically important DCI

as an outcome event in SAH research studies.

Methods

An electronic literature search was performed across the

Pubmed database to look for the studies that addressed the

issue of inconsistent definitions of delayed cerebral ische-

mia in human patients with SAH. Articles were identified

using the combination of keywords ‘‘subarachnoid hem-

orrhage,’’ ‘‘outcome measure,’’ and ‘‘definition.’’ Articles

were included if they were published in English through

December 2010.

Summary of the Literature

A total of 11 studies were retrieved, of which four were

useful for the present review [3, 4, 12, 13]. These included

one observational study, two review articles, and one

consensus document.

Defining Vasospasm

Vasospasm is the observation of narrowing in intracranial

arteries, resulting from vasoconstriction, swelling of the

vascular endothelium, remodeling of the media and/or

subendothelial fibrosis [14]. The Hagen–Poiseuille equa-

tion which shows that the total volume flowing through a

tube varies according to the fourth power of a vessel’s

radius, supports the hypothesis that arterial narrowing

results in reduced cerebral blood flow and a fall in oxygen

delivery, eventually resulting in cerebral ischemia and

infarction. Vasospasm can be visualized directly with

angiography or indirectly by the observation of increased

blood flow velocities on transcranial Doppler (TCD)

examination. Vasospasm is sometimes already seen in

SAH during the acute phase, but most commonly develops

between days 4 and 14 after the hemorrhage, with a peak

incidence at day 7.

Vasospasm Versus Delayed Cerebral Ischemia

Vasospasm is strongly associated with clinical deteriora-

tion due to DCI [15], cerebral infarction [16–18], poor

outcome [18], and mortality [18] after SAH. Although

clinical deterioration due to DCI is often seen in conjunc-

tion with angiographic evidence of vessel narrowing, each

may occur independently of the other. Patients with SAH

can also have clinical deterioration due to DCI in the

absence of radiologically confirmed vasospasm [19, 20].

The reverse situation, where patients have angiographic

vasospasm but no DCI, also occurs frequently [18, 19].

Arterial narrowing on angiography and increased blood

flow velocities on TCD examination are often used as

indirect, surrogate diagnostic markers for DCI for the fol-

lowing reasons: (1) clinical deterioration due to DCI is

difficult to diagnose since it is a diagnosis per exclusionem

(after exclusion of other causes, such as infection, hypo-

tension, hyponatremia, etc.); (2) clinical deterioration due

to DCI is difficult to diagnose in patients who are comatose

or sedated; and (3) angiographic vasospasm is strongly

associated with clinical deterioration due to DCI. This

habit of relying on arterial narrowing has contributed to the

interchangeable use of the terms DCI and angiographic

vasospasm in many published studies.

Outcome Measure for Trials

Inconsistency in terms and definitions for vasospasm and

DCI exist in the general, neurological, and neurosurgical

literature [3, 4]. Two recent articles included in this review

addressed the question of which definition of DCI is clini-

cally the most useful [12, 13]. In a large prospective cohort

study including 580 patients from the Subarachnoid Hem-

orrhage Outcomes Project (SHOP) at Columbia University,

DCI (defined as a new focal neurological deficit or decrease

in level of consciousness, a new infarct revealed by follow-

up imaging, or both) was independently associated with

death or severe disability at 3 months only when computed

tomography (CT) results were included in the definition of

DCI [12]. Cerebral infarction alone had equally strong cor-

relations with 3-month functional outcome (measured with

either Glasgow Outcome Scale or modified Rankin Scale) as

the combination of clinical deterioration due to DCI corre-

lated with cerebral infarction on neuroimaging [21]. In the

same cohort using a multivariate analysis, patients with

asymptomatic infarction (mainly comatose patients) more

often had a poor outcome (moderate–severe disability and

death) compared with patients with clinical deterioration due

to DCI [22]. It was found that neither the arterial narrowing

Box 1 Terms used to describe ischemia occurred after SAH

• Delayed cerebral ischemia

• Delayed ischemic (neurological) deficit

• Secondary cerebral ischemia

• Symptomatic ischemia

• Vasospasm

• Clinical vasospasm

• Symptomatic vasospasm

• Cerebral infarction
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observed during angiography nor the increased blood flow

velocities measured with TCD were related to any aspect of

clinical outcome.

Recently, a multidisciplinary research group proposed a

uniform definition of DCI to be used as an outcome measure

in clinical trials and observational studies [13]. The proposed

definitions were partly based on the above described data

from the SHOP registry [12, 21, 22]. In order to reduce

inconsistencies in the use of definitions to describe DCI, it

was suggested that DCI should not be defined by combining

radiographic evidence of vasospasm with clinical features of

cerebral ischemia. This consensus panel recommended

using separately defined outcomes for angiographic vaso-

spasm, clinical deterioration due to DCI, cerebral infarction,

and functional outcome in clinical trials and observational

studies. Cerebral infarction and functional outcome were

recommended to be used as the two main outcome measures

for studies aiming to reduce DCI rather than clinical dete-

rioration due to DCI or angiographic vasospasm. Cerebral

infarction on neuroimaging might be a better outcome

measure than clinical deterioration due to DCI alone for

several reasons. Cerebral infarction on CT or magnetic res-

onance (MR) imaging is (1) strongly correlated with

functional outcome 3 months after SAH, (2) expected to

have high interobserver agreement, (3) able to detect DCI in

sedated and comatose patients, and (4) able to serve as a

more objective quantification of the consequences of DCI. In

addition, it has been shown that a lower incidence of cerebral

infarction correlates with better functional outcomes after

SAH [23]. Clinical deterioration due to DCI should be used

as a secondary measure of outcome. Vasospasm on angi-

ography can also be used as an outcome measure to

investigate proof of concept, but should not be used as a

surrogate outcome measure. Recently, in a meta-analysis of

large multicenter trials, it was shown that a decreased inci-

dence of vasospasm does not correlate with lower rates of

poor functional outcome [24]. TCD examination has lower

sensitivity and specificity to diagnose angiographic arterial

narrowing [25], and therefore, it is not adequate to investi-

gate proof of concept. It was strongly recommended to

restrict the use of the words ‘‘vasospasm’’ and ‘‘arterial

narrowing’’ to descriptions of radiological test results (e.g.,

CT or MR angiography, or digital subtraction angiography),

and not to apply these terms to clinical manifestations of

DCI. Recommended definitions for clinical deterioration

and cerebral infarction due to DCI are provided in Boxes 2

and 3.

Conclusion

Consistent use of valid terminology is essential for devel-

oping useful data about DCI after SAH. Cerebral infarction

on imaging studies or autopsy is the most appropriate mea-

sure of DCI in clinical trials and observational studies.

Clinical deterioration due to DCI should be described sepa-

rately from the results of angiography. Furthermore, the term

vasospasm should be reserved for angiographic arterial

narrowing only.
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