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This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence
supporting various strategies is then presented, followed by a review of formal guidelines, when they exist.
The article ends with the authors’ clinical recommendations.

A17-year-old boy had a sudden headache and briefly lost consciousness while at soccer
practice. On arrival at the emergency department, he appeared drowsy and reported
having the worst headache he had ever had. His blood pressure was 186/92 mm Hg.
The neurologic examination was normal. Computed tomography (CT) of the head
without contrast enhancement showed diffuse subarachnoid hemorrhage and en-
largement of the temporal horns of the lateral ventricles. How should this patient be
further evaluated and treated?

THE CLINICAL PROBLEM

UBARACHNOID HEMORRHAGE WITHOUT A PRECEDING TRAUMA IS CAUSED

by the rupture of an intracranial aneurysm in of cases; other causes in-

clude vascular and paseulitis. Subarachnoid hemorrhage ac-
counts for in the United States,! and affected patients tend
to be than those affected by other subtypes of stroke, which results in a
greater loss of productive life.> Among the patients with aneurysmal subarachnoid
hemorrhage who Suitvive, half suffer long-term Heuropsychological effects and
decreased of life.? Early identification and treatment of the aneurysm can
prevent aneurysm rerupture and can address sequelae from the initial rupture.
Intervention may be appropriate in cases of subarachnoid hemorrhage that are not
caused by aneurysms (e.g., cases involving arteriovenous malformation), but up to
10% of cases of nonaneurysmal subarachnoid hemorrhage involve no vascular ab-
normality, and surgical or endovascular treatment is not considered to be necessary.*

INTRACRANIAL ANEURYSMS
occur in- of the population.” Aneurysms typically
form at points along intracranial arteries (Fig. 1 and the interactive graph-
ic); hemodynamic Stfes§ on the wall between the two exiting branches weakens
that region.® The risk of intracranial aneurysms is increased among persons with
a family RiSEory (defined as at least one first-degree relative who has had an
intracranial aneurysm, with a greater risk if two or more first-degree relatives
have had such an event), among persons with certain disorders
(e.g., the Ehlers—Danlos syndrome), and among persons with -
disease.”® Factors associated with an increased risk of aneurysm rupture include

black race, Hispanic ethnic group, hypertension, current smoking, alcohol abuse,
use of sympathomimetic drugs, and an Aneurysm larger than 7 mm °
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KEY CLINICAL POINTS

SUBARACHNOID HEMORRHAGE

«  Subarachnoid hemorrhage from a ruptured intracranial aneurysm is a life-threatening stroke that affects
younger patients than those affected by other forms of stroke.
«  Aneurysmal subarachnoid hemorrhage is didgnosed by confirmation of subarachnoid iemorrhage on
a computed tomographic (€T) scan of the head and by Eoffitmation of an ARetrysmal source by €T
of the head, Eatheter of the head, or both.

« The prevention of aneurysm rerupture is the first goal of treatment. Randomized, controlled trials suggest
that aneurysms that are judged to be fféatable by either open surgery or are
BEtter treated by the latter; however, open surgery is preferred in certain cases.

. Vasospasm and delayed cerebral [SEhemia contribute to the occurrence of complications and death

after successful BEElUSION of an aneurysm and remain the major ERalléAge of aneurysmal subarachnoid
hemorrhage.

+ Decisions about treatment for aneurysms and about the management of aneurysmal subarachnoid
hemorrhage sequelae are best made at high-volume centers by experienced surgeons, interventionalists,
and neurologic intensive care experts.

The rate of detection of unruptured intracra-
nial aneurysms has increased as the use of CT
and magnetic resonance imaging (MRI) has be-
come more common." The

When an aneurysm ruptures, it is an intracra-
nial into the
noid space at until the
across the

site and
formation at
the bleeding site. The reported case rate

and is not addressed here.

The reported incidence of aneurysmal sub-
arachnoid hemorrhage varies widely across the
world, from 2.0 cases per 100,000 persons in
China to 22.5 cases per 100,000 persons in Fin-

is 251€0/500%)° owing to consequences of either
the original bleeding or rerupture; this estimate

does Hot fully account for patients who die Be-

receiving medical attention.!

land"; variation may in part reflect differences
in the rates of detection across countries.'** The
2003 Nationwide Inpatient Sample estimated 14.5
hospitalizations for aneurysmal subarachnoid

SIGNS AND SYMPTOMS
The hallmark presenting symptom of aneurysmal
subarachnoid hemorrhage is

=
[, 1T]

An interactive

graphic showing hemorrhage per 100,000 U.S. adults per year.* "7 The onset of the headache is
m“":gem;"t f’ﬂ{ Aneurysmal subarachnoid hemorrhage is more and the headache is §éVere and reaches maximal
subarachnol

common among
the incidence
persons in their 50s."

than among men, and

with 2g€ to a peak among

intensity in seconds (known as a
headache). In of patients, this head-

ache is leak or “Sentinel”

hemorrhage is
available at
NEJM.org

by a

Figure 1 (facing page).
The anatomy of the subarachnoid space and the circle of Willis is shown in Panel A. A major artery (the internal carotid artery) enters the
skull from below and then follows a course through the subarachnoid space, giving off Perforating Branches that supply the parenchyma.
Highipulsatilelpresstirelatibranchingipoints of the proximal artery (arrow, Panel B) soon after the arterial wall sheds much of its support-
ing adventitia can promote the formation of saccular aneurysms in susceptible persons. In such cases, an aneurysm forms at the branch
point of an artery, where the arterial pulsation stress is maximal. Most lesions remain silent until rupture occurs, at which time blood is rap-

idly released into the subarachnoid space, leading to early effects such as [fitracranialipresstrelelevation, parenchymal irritation, edema,
and ydrocephalls and delayed effects, such as Vasospasm and delayed cerebral [SEhemia. Open surgical repair of such an aneurysm

(Panel C) involves exposing the aneurysm and the adjacent normal arteries so that the surgeon can apply a fif@nitmielip on the neck of
the aneurysm, which effectively excludes it from arterial circulation. Réfioval of portions of the SKiill B&S& provides improved gécess and
operative exposure for the surgeon Without the need for SlibStantial Brain fetraction. The aneurysm is then collapsed and the field in-
spected to make sure that no branches are compromised by the clip placement. The inner walls of the aneurysm base are approximated
by the clip, which generally provides a lifelong cure of the lesion. Efidovascularirepait of such an aneurysm (Panel D) involves the naviga-
tion of an intraarterial catheter through the circulation under flliof9scopic gllidance until the catheter tip is in the lumen of the aneurysm.
With the use of the catheter, PIaEIRUAMICOIIS are delivered and packed into the lumen of the aneurysm, which slows or prevents blood flow
into the aneurysm and leads to thrombus formation, effectively blocking arterial blood from entering the aneurysm. Angiographic exami-
nation of the result confirms flow through the normal arterial branches. Not all aneurysms can be treated with endovascular repair (some
will have to be treated with surgery), but endovascular repair can treat many aneurysms without a visible scar.
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headache,”® which typically occurs withi
before pvert subarachnoid hemorrhage.™
Although hemorrhage can occur during physical
or psychological stress, it occurs more com-
monly during activities of daily living.?* Associated
symptoms or signs include nausea, vomiting, or
both; ; neck ; neuro-
logic deficits; and a brief of 20
More severely affected patients present with altered
mental status, from mild lethargy to profound
coma; the degree of encephalopathy at presenta-
tion is the major determinant of the prognosis.
Aneurysmal subarachnoid hemorrhage ac-
counts for only evaluated in
the emergency 2! Consequently, a sen-
tinel headache may be dismissed as a migraine
headache or other headache without further
evaluation; the likelihood of deathl or disability
is four times as among patients in whom a
as it is among
patients in whom a sentinel headache is cor-
rectly diagnosed.?? Therefore, a high index of
suspicion for aneurysmal subarachnoid hemor-
rhage from the patient’s history is warranted
and potentially lifesaving.

STRATEGIES AND EVIDENCE

EVALUATION
Initial Stabilization

If a patient survives the initial rupture of the
aneurysm and reaches medical attention, manage-
ment of the aneurysmal subarachnoid hemor-
rhage is directed at reversing or stabilizing acute
life-threatening sequelae, particularly in the case
of comatose patients. Establishing a secure air-
way, normalizing cardiovascular function, and
treating are common first steps before
diagnostic studies are pursued.

Grading Systems Used for Patients

with Subarachnoid Hemorrhage

A variety of grading systems correlate the clinical

status of the patient at the time of presentation

with the long-term neurologic outcome. The two

most commonly used grading systems are the
and the

Table
S1 in the Supplementary Appendix, available with
the full text of this article at NEJM.org).>>* In

both systems, the Severity of is

N ENGLJ MED 377;3

the major

of grade. Aneurysm rup-

ture produces widespread brain dys-

and “ days after the rupture,
both of which affect the outcome through mech-

anisms that are only partially inderstood.”*

b2

Imaging
CT of the head Without contrast enhancement is

the first essential step in the diagnosis of sub-
arachnoid hemorrhage (Fig. 2).**% In the first
3 days after the onset of symptoms, the
of the CT scan is close to , but it subse-
quently declifes to the
onset of symptoms.?®?° CT of the head may also
show a space-occupying hematoma o
— consequences of aneurysm rup-
ture for which patients are considered to require
immediate surgical attention. If the CT of the
head is negative but clinical suspicion is high,
additional tests are indicated.

Lumbar puncture has been used to detect
blood or xanthochromia in cerebrospinal fluid,*

.of the head is now of owing to
the low of
and the i between

subarachnoid related to
the lumbar puncture.? , with fluid-attenuat-
ed inversion recovery, proton density, and gradi-
ent-echo sequences, is to
in the cerebrospinal fluid.*
which is now
of the iitial €T, can show that an aneu-
rysm is present and can provide the
information in the case of patients who present
in extremis with a [dfge
that is thought to require
evactiation.” CT
detect aneurysms but tiny
blister aneurysms or aneurysms filled with
thrombi may be missed.

can now

for diagnosing an aneurysm and for

relevant
(Fig. 3).>* The combination of
reconstructions with

sional
ography is for detecting aneu-
rysms and provides more detailed anatomical

data than {igital Subtraction angiography alone

and also helps in planning treatment.

NEJM.ORG JULY 20, 2017

The New England Journal of Medicine

Downloaded from nejm.org at IMPERIAL COLLEGE LONDON on July 19, 2017. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.











































































































































































































































CLINICAL PRACTICE

MEDICAL INTERVENTIONS TO REDUCE THE RISK
OF RERUPTURE

Patients in whom aneurysm rerupture occurs
have a much higher risk of death and neurologic
injury than patients who have a single aneurysm

rupture.® The risk of ferupture is 4£0/14% in the

after aneurysmal subarachnoid

hemorrhage,* but the [Fi$k remains glevated for
300days after the initial rupture if the aneurysm

is not treated.
can increase the - of -
, but the goals of treatment remain poorly

deﬁned with trial avallable to support
- blood

therapy may the 1mt1a1 at the
bleeding site. In a randomized, controlled trial,
the incidence of aneurysm was
among the patients who received
therapy as compared with - among patients
who did receive such therapy.” Although
therapy may have Denefit when
(e.g., when a pa-
), its use did

aneurysm
%ﬁ is
with an increased
and cerebral

cur in up to of patients, espec1ally in pa-
tients with bleeding, and can
cause hemodynamic instability that precipitates
aneurysm rerupture®; however, data are
from randomized trials to support ad-

ministration of medication, and rou-
tine is .

TREATMENT OF RUPTURED CEREBRAL ANEURYSMS
Clinical experience and randomized trials have
shown that for ruptured aneurysms is
§afé and eliminates the immediate risk of aneu-
rysm rerupture.*** Treatment can be achieved by
means of open clipping or
aneurysm obliteration; both treatments should
be provided by specialized, experienced practi-
tioners at centers.*

Surgical clipping of a ruptured aneurysm re-
quires opening the skull (craniotomy). With the
use of the operating microscope, the subarach-
noid spaces around the cerebral arteries are
opened at the base of the skull to mobilize deli-
cate brain tissue without injury (Figs. 1 and 3).
Once the aneurysm is exposed, a titanium clip is
placed across the neck of the aneurysm to me-

Blood filling the

and extending into the
bilaterally

Enlarged temporal horns

X

Trace of

Figure 2. CT Scan of the Head Showing Evidence
of Subarachnoid Hemorrhage.

Subarachnoid hemorrhage, as seen onfaXialiGl, varies

from none detected, to difflise deposition of a thin layer
of blood (ZINAAMIEAICK) in the cerebrospinal fluid—filled
GiSterns at the Base of the brain, to a fliek blood €ISt
[EIRARIERICK) in the cerebrospinal fluid—filled Eisterns
around the circle of Willis, as seen in this patient from
the vignette. Subarachnoid hemorrhage can extend be-
yond the basal cisterns into the sylvian fissures or into
the ventricles or brain parenchyma. The distribution of
blood offers clues to the location of the aneurysm. The
greater amount of blood in the left basal cisterns than
in the right points to a likely location of the aneurysm
on the left side of the cerebral circulation. The enlarged
temporal horns are evidence of hydrocephalus; in most
patients (and especially in younger patients) the tem-
poral horns should not be visible.

chanically close the sac at its neck while preserv-
ing blood flow through the adjacent normal ar-
teries.

Endovascular treatment of a ruptured aneu-
rysm involves navigating a catheter under-
_ guidance from an entry point in the
arterial circulation (typically the femoral
in the groin) up to the parent artery of the aneu-
rysm (Figs. 1 and 3). A microcatheter is then
advanced into the aneurysm sac and metal coils
are deposited into the aneurysm lumen through
the microcatheter, a process that arrests intra-
aneurysmal blood flow and induces thrombus
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results obtained with endovascular treatment (Panel E).

Figure 3. Afigiogram Showing Internal Carotid Artery Aneurysms before and after Treatment.

An angiogram obtained in the patient in the vignette shows an aneurysm in the left internal carotid artery (ICA).
The aneurysm originates at the point where the ICA bifurcates into the arterial cerebral artery (ACA) and the middle
cerebral artery (MCA) (Panel A). At the time of surgery, the aneurysm was exposed and was shown to be multilobu-
lated, very thin-walled, and with friable daughter lobules (Panel B; the inset shows the location of the aneurysm in
the patient’s brain). €T aAgiography shows the placement of a surgical Elifl and complete obliteration of the aneurysm
(Panel C). An angiogram obtained in a different patient shows a similarly located ICA aneurysm (Panel D) and the

formation, thereby occluding the aneurysm and
eliminating the immediate risk of rerupture.
Two randomized trials have compared endo-
vascular treatment with open-surgical treatment
for ruptured intracranial aneurysms: the Inter-

national Subarachnoid Aneurysm Trial (ISAT) and
the Barrow Ruptured Aneurysm Trial (BRAT).*-
Despite a significantly higher rate of obliteration
and greater durability with open-surgical treat-
ment than with endovascular treatment, both tri-
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als showed
than with -

surgical treatment (Table S2 in the Supplemen-
tary Appendix).

In [SAT, a multicenter trial involving patients
whose aneurysms were considered to be suitable
for either open-surgical treatment or endovascu-
lar treatment, rates of or at the
i5yeat follow-up were in the -
coil group and in the --surgery group
(absolute difference, 7.4 percentage points; 95%
confidence interval, 3.6 to 11.2). In addition, the
endovascular-coil group had a lower mortality
rate and a lower risk of seizures through the
7-year follow-up than did the open-surgery group;
rebleeding, although infrequent, was more com-
mon in the endovascular-coil group than in the
open-surgery group. BRAT, a single-center trial,
showed a similar benefit of endovascular treat-
ment as compared with open-surgical treatment
with respect to functional outcomes at 1 year,
although the differences between the two groups
were no longer significant at year 3 or year 6.
Unlike ISAT, BRAT did not include as an entry
criterion the need for the anatomy of the aneu-
rysm to be suitable for either procedure, and
more than a third of the patients who were ran-
domly assigned to receive endovascular treatment
crossed over to the open-surgery group, the ma-
jority owing to the anatomy of the aneurysm or
to the surgeon’s preference for open-surgical
treatment over endovascular treatment.

The results of ISAT, combined with the fact
that patients tend to prefer a minimally invasive

roach to treatment, have resulted in a

treatment may
for patients who have

deficits
caused by intracerebral , for patients
whose aneurysms are difficult to visualize angio-
graphically or for whom revascularization with a
bypass is deemed to be necessary, and for patients

of age who have
circulation and good status,
given the greater durability and the lower risk of

aneurysm rebleeding with open-surgical treatment
than with endovascular treatment.* Consequent-
ly, patients should be treated at high-volume
cerebrovascular centers where surgeons who are
experienced and skilled in both open-surgical
and endovascular procedures are present.

TREATMENT o COMPLICATIONS ARISING

FROM SUBARACHNOID HEMORRHAGE
AND ANEURYSM TREATMENT

Viasespasii and Delayed Cerebral Ischemia

Narrowing of angiographically visible cerebral
arteries after aneurysmal subarachnoid hemor-
rhage ) occurs in of patients; the
process generally starts after aneu-
rysm rupture,

46 iS

a clinical syndrome of
that develops in
after aneurysm rupture,® and is a
cause of death and disabilify after sub-
arachnoid hemorrhage has occurred.”

Despite a

delayed cerebral

gests that a

occur
supplied by the - undergoing
8pasi. The calcium-channel blocker
the only drug known to the

)

of
neurologic
after subarachnoid hemorrhage (dis-
cussed further below), does alex the -
In clinical trials
of a drug that significantly reduced the risk of
angiographic vasospasm, no measurable effect
was observed on the development of delayed
cerebral ischemia or on clinical outcomes.??
Consequently, possible sequelae of subarachnoid
hemorrhage are being
as mediators of poor outcome after
aneurysm rupture and as potential targets for
therapy.2544
it is recommended that

from the
the occur-
rence of subarachnoid hemorrhage. A Cochrane
review of randomized trials indicated that Rifo-

dipiié feduiced the Fisk of poo¥ butcomes in pa-

tients with subarachnoid hemorrhage by -

-50 The of circulating
blood and normal

level is
associated with a cere-

angiographic
of clinical or radiograph-
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ic evidence of delayed cerebral iSchemia) is -

51,52

layed cerebral or coma-
tose patient.
is widely used as a noninvasive test to detect
vasospasm after subarachnoid hemorrhage, but
ts lisefulfiess remains debated. Perfusion CT can
be used to identify regions of possible brain
ischemia in patients who have a new neurologic
deficit. If clinically significant delayed cerebral

, Is suspect-

therapy with intravenous adminis-
tration of fluid and alpha-adrenergic agents) is
recommended to improve cerebral perfusion. If
delayed cerebral occurs in the

of a maior cerebral

apy, or both can be in cases in which
no clinical improvement is observed with induced
hypertension.”

Hydrocephalus may develop soon after subarach-
noid hemorrhage, owing to the presence of ex-
travasated bloeking normal cerebrospinal
through the
major at the of
. Estimates of the incidence of hydro-
cephalus range from 7 cases are
. clinically . In cases in which hy-
drocephalus causes encephalopathy, management
of the hydrocephalus typically involves placement
of an , a procedure that
generally results in neurologic improvement.
can be used to
hydrocephalus and is associated with a

which cause mcreased intracranial pressure are

hydrocephalus occurs in up to one
of patients in whom

develops and is treated with a

ﬂ for permanent diversion of cerebro-
spinal fluid. Hydrocephalus may develop-
_ubarachnoid hemorrhage and should

be suspected in patients who have a initial
Fecovery followed by a plateau or in their

condition.

Medical Complications
Patients who have had aneurysm rupture are at
risk for multiple medical complications that are
common with critical illness, and they should be
treated in an intensive care unit, preferably one
that specializes in neurocritical care.” A detailed
discussion of general medical management is
beyond the scope of this article, but the goals
include euvolemia, normothermia, avoidance of
hypoglycemia or marked hyperglycemia, electro-
Iyte balance, and adequate ventilation (for coma-
tose patients) that avoids exacerbating elevated

intracranial pressure. Because_
after subarachnoid

hemorrhage, especially among immobilized pa-
is recommended, with
at all times

and continuing until patients are mobilized.
However, there is a risk associated with antico-
agulation for prevention of deep venous throm-
bosis in cases in which patients may have to
undergo multiple invasive procedures.>

AREAs OF GNCERTAINTY
The goal§ for blood Pressiire and yolume status

after intervention and the appropriate manage-
ment of delayed cerebral ischemia remain Hficer-
tain. There are few data from randomized, con-
trolled trials to guide strategies for reducing the
risk of subarachnoid hemorrhage. Screening pro-
tocols designed to identify cases of asymptom-
atic deep venous thrombosis are of unclear value.

Subarachnoid hemorrhage has effects on
and @drenal function, but data are to
show a clear benefit of ifitervention.

Adjuncts to endovascular treatment, including
balloon-tipped microcatheters, , and flow-
, have been to manage
and fusiform aneurysms, but these
adjuncts often require treatment with -
_ with an attendant risk of bleeding.
These adjuncts are evolving rapidly, and more data
are needed regarding their risks and benefits.

GUIDELINES

A writing group of the American Heart Associa-
tion and American Stroke Association published
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updated guidelines in 2012 for the management
of aneurysmal subarachnoid hemorrhage.” The
recommendations in this article are generally
consistent with these guidelines.

CONCLUSIONS AND
RECOMMENDATIONS

The patient described in the vignette has clinical
and radiographic findings that are consistent
with subarachnoid hemorrhage. Catheter angi-
ography is indicated to identify the source of his
bleeding. An aneurysm is the most common
cause and, if identified, is associated with a very
high risk of rerupture during the next 30 days;
thus, we would recommend immediate treat-
ment. Data from randomized trials have shown
better functional outcomes overall with endovas-
cular treatment than with open-surgical treat-

ment. However, open-surgical treatment (surgi-
cal clipping) may be preferred on the basis of
certain features of the aneurysm (e.g., morpho-
logic characteristics of the aneurysm and an as-
sociated large hematoma) or in younger patients,
iven the

> Given this
patient’s age, his otherwise healthy status, and
the location of the aneurysm in the anterior cir-
culation, we would recommend open-surgical
treatment by a specialized, experienced surgeon.
If a surgeon with expertise in open-surgical tech-
nique is not available at the center, endovascular
treatment could be provided instead to eliminate
the immediate risk of rerupture.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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