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BACKGROUND AND PURPOSE: The incidence of poor-grade (Hunt and Hess grade IV and
V) subarachnoid hemorrhage (SAH) is higher in elderly patients (>70 years) than in younger
groups. The aim of this retrospective study was to analyze the outcome of these poor grade
elderly patients after endovascular treatment.

METHODS: We retrospectively reviewed the clinical records of 27 patients older than 70
years who underwent endovascular treatment for aneurysmal SAH between January 1996 and
July 2002. Thirteen patients with SAH and a poor Hunt and Hess grade at initial presentation
had been treated by endovascular means. Their outcomes were assessed by the using the
Glasgow Outcome Scale (GOS).

RESULTS: Two patients (15%) had a good outcome according to the GOS. Three patients
(23%) were moderately disabled, two (15%) were severely disabled at the time of discharge from
the hospital, and six (47%) died. Five patients (38%) developed clinical vasospasm and
underwent balloon angioplasty. Three procedure-related deaths occurred (23%).

CONCLUSION: Endovascular treatment has modified the management of poor-grade SAH in
elderly patients, most of whom are high-risk surgical candidates. Endovascular treatment can
be administered early after the initial ictus, reducing the risk of rebleeding and providing an
option to pursue aggressive triple-H therapy. Symptomatic vasospasm can also be treated by
endovascular means in the initial setting.

In patients aged 70–88 years, the incidence of aneu-
rysmal subarachnoid hemorrhage (SAH) is as high as
78 cases per 100,000 population, as compared with 15
cases per 100,000 in those aged 30–59 years (1, 2).
The management of SAH in elderly patients has been
mostly conservative. Studies have shown no major
advantage with surgery over conservative manage-
ment (3, 4). However, other studies have advocated
early aggressive management in elderly patients (5–7)
or patients with a poor clinical grade (8). More im-
portantly, a poor clinical grade (Hunt and Hess grade
IV and V) at initial presentation is more common in
elderly patients than in younger groups (5). There-
fore, the morbidity and mortality associated with sur-
gery is increased in the elderly. In addition, many of
these patients have associated medical problems, such
as poor cardiac status, deranged pulmonary function,
and hypertension that make them poor surgical can-

didates. Improvements in endovascular techniques
have shown encouraging results in the management
of intracranial aneurysms in elderly patients, par-
ticularly those with a poor clinical grade (8 –10).
We retrospectively analyzed the endovascular man-
agement of poor-grade aneurysmal SAH in elderly
patients (�70 years) at the University of Michigan
hospital.

Methods

We retrospectively reviewed the clinical records of 27 pa-
tients older than 70 years who underwent endovascular treat-
ment for aneurysmal SAH between January 1996 and July
2002. The data were collected according to a protocol approved
by our institutional review board to ensure patient privacy.
Among them, 13 patients (48%) had a Hunt and Hess grade of
IV or V after resuscitation (Table ). None of the patients had
a parenchymal hematoma that would have necessitated surgical
evacuation.

Endovascular coiling had been done by using Guglielmi
detachable coils (GDCs; Boston Scientific/Target, Fremont,
CA) for 13 aneurysms in 12 patients. One patient had four
aneurysms of the posterior inferior cerebellar artery and was
treated by occlusion of the parent artery with N-butyl 2-cyano-
acrylate glue (Cordis Endovascular, Miami, FL). Endovascular
treatment was administered within 48 hours of the initial ictus
in all patients. All patients were treated under general anes-
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thesia and received intravenous heparin for at least 24 hours
after placement of the first endovascular coil. During the pro-
cedure, anticoagulation was monitored to a target activated
clotting time of around 300 seconds. Postprocedural anticoag-
ulation was monitored to a target activated partial thrombo-
plastin time of more than twice the baseline. Patients also
received oral aspirin (325 mg/d administered through a naso-
gastric tube) if they could tolerate it. Nimodipine was given to
all patients to reduce the effects of vasospasm. Triple-H (hy-
pervolemia, hemodilution, and hypertension) therapy was ad-
ministered to treat or prevent vasospasm. Pulmonary wedge
pressures were closely monitored to prevent fluid overload in
patients with compromised cardiac and pulmonary status. Bal-
loon angioplasty was done to treat vasospasm in five patients.
Intracranial hypertension was appropriately treated in all pa-
tients with sedation, CSF drainage, and administration of man-
nitol or barbiturates. Patient outcome was assessed by the using
the Glasgow Outcome Scale (GOS). The on-call neurosurgical
team completed the initial assessment, and the ward neurosur-
gery attending physician (B.G.T.) assessed the final outcome.
Patients with good GOS status or moderate disability were
classified as having a favorable outcome. Patients who were
severely disabled, those in a persistent vegetative state, and
those who died were classified as having an unfavorable out-
come.

Results
Five (38%) of 13 patients had a Hunt and Hess

grade of IV, and eight (62%) had a grade of V at
presentation. Twelve patients had a Fischer grade of
IV, and one had grade III SAH, as shown on the
initial CT scan. The oldest patient was aged 89 years
(mean age of all patients, 76 years). Female patients
outnumbered male patients nine to four. A total of 19
aneurysms were detected. Four of 13 patients with
ruptured aneurysms also had six incidental unrup-
tured aneurysms. Three patients had one additional
incidental aneurysm, and one had three additional
aneurysms. Thirteen aneurysms were in the anterior

circulation, and the remaining six were in the poste-
rior circulation (Table).

Eleven aneurysms were small (�5 mm), six were
medium (6–10 mm), one was large (11–25 mm), and
one was giant (�25 mm). Endovascular treatment
was administered for 17 aneurysms. Two small inci-
dental aneurysms in the anterior circulation were not
treated. Four small incidental aneurysms were treated
with the ruptured aneurysms. Thirteen aneurysms
were managed by using GDCs. Total occlusion was
possible in eight lesions (62%) after the first proce-
dure. Subtotal occlusion was achieved in three (23%),
and partial occlusion, in two (15%). Three patients
underwent repeat coiling because of a residual neck
at the first procedure or later compaction of the coils.
One patient required stent-assisted coiling for a wide-
necked aneurysm during the repeat procedure.

Five (38%) patients had a favorable outcome ac-
cording to GOS status, two (15%) had a good out-
come, and three (23%) were moderately disabled at
the time of their discharge from the hospital after the
initial episode. Two (15%) were severely disabled,
and six (47%) died. Hence, eight patients (62%) had
an unfavorable outcome according to GOS status.

Of five patients who presented with a Hunt and
Hess grade of IV, four (80%) were alive at discharge.
One patient (20%) died from complications related
to vasospasm and increased intracranial pressure.
Two patients (40%) had a good outcome, and two
(40%) were moderately disabled. Eight patients with
a Hunt and Hess grade of V underwent endovascular
treatment. Three patients were alive at discharge, two
(25%) were severely disabled, and one (12.5%) was
moderately disabled. Five patients (62.5%) died dur-
ing their hospital admission. Among them, one pa-
tient was actively bleeding at the time of diagnostic

Clinical data for the study patients

Age/Sex Aneurysm Location
Aneurysm Size,

mm
Hunt and Hess

Grade
Symptomatic
Vasospasm

GOS Status after
Initial Event

72/M Acom 10 IV No Good
77/M Pcom 6 V No Died
75/F Acom 5 V Yes Died

MCA* 2
80/F Acom 7 V No Died
73/F Sup Hypo 25 IV Yes Good
79/F PICA† 3 IV No Moderately disabled
75/M Acom 7 IV Yes Moderately disabled
71/F Basilar 18 V No Moderately disabled
72/M Pcallosal 6 V Yes Died
77/F Pcallosal 3 V No Severely disabled

Cav caro* 2
89/F Acom 4 IV No Died

Pcom 4
75/F Pcom 7 V Yes Severely disabled
73/F PICA 5 V Yes Died

Note.—Acom � anterior communicating artery, Cav caro � cavernous carotid artery, GOS � Glasgow outcome scale, MCA � middle cerebral
artery, Pcallosal � pericallosal artery, Pcom � posterior communicating artery, PICA � posterior inferior cerebellar artery, and Sup Hypo � superior
hypophyseal artery.

* Untreated aneurysm.
† This patient had four small aneurysms arising from PICA.
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angiography, as indicated by pulsatile blood flowing
from the ventriculostomy and free extravasation of
contrast material from the dome of the aneurysm.

A total of 13 endovascular procedures—12 endo-
vascular coil embolizations and one glue emboliza-
tion—were done as a primary endovascular technique
in the acute phase. Five patients (38%) also under-
went balloon angioplasty to treat vasospasm within
2–8 days of the initial ictus. Two procedure-related
complications occurred. Both occurred in patients
with a grade V status and were fatal. One patient had
an embolic occlusion of the distal anterior cerebral
artery branches during the procedure. Intraarterial
urokinase was given, but the aneurysm ruptured, and
the patient died after the procedure. In another pa-
tient, the ruptured aneurysm was partially occluded
without incident, but vasospasm subsequently devel-
oped. During balloon angioplasty on the third day
after coiling, vessel rupture occurred. The ruptured
M2 branch was occluded by using glue and liquid
coils; however, the patient died after the procedure.

Three patients underwent repeat endovascular
coiling for aneurysm recanalization due to coil com-
paction 2–14 months after initial treatment. In two
patients, repeat coiling was uneventful. However, the
third patient, who underwent stent-assisted coiling for
a wide-necked aneurysm 14 months after the first
procedure, died 6 hours from a myocardial infarction
after the second procedure.

Discussion
The percentage of elderly patients (�70 years) with

aneurysmal SAH and a poor neurologic grade (Hunt
and Hess grade IV or V) at presentation is signifi-
cantly higher than the percentage in younger and
middle-aged groups (5, 8, 11). To our knowledge,
endovascular treatment of elderly patients with poor-
grade disease has never been analyzed separately.
This subset of patients poses a therapeutic challenge,
as they also have a higher risk of rebleeding, cerebral
vasospasm, and hydrocephalus. Associated preexist-
ing medical problems, such as hypertension and poor
cardiac and respiratory status, further aggravate the
problem and in most cases make them poor surgical
candidates. Compromised cerebral circulation and
neural plasticity with advancing age may contribute to
an unfavorable outcome after aneurysmal SAH (11).
Most of these patients had been treated with conser-
vative measures in the past, but this approach was
usually associated with a poor outcome. Surgery is
often technically difficult because of cerebral edema,
increased intracranial pressure, and other associated
medical problems common in the elderly. In a few
studies, surgery was contraindicated in those with a
poor clinical grade and in elderly patients, and inves-
tigators have suggested that those with worse grades
do poorly with or without intervention (12, 13). Some
authors have recommended early resuscitation, sur-
gery, and active medical treatment in elderly patients
(5–7). However, most groups have reported poor out-
comes in patients with poorer clinical grades and have

suggested surgery in elderly patients with a good clin-
ical grade (5–7). Some have also suggested that ad-
vanced age alone is not a contraindication to surgery
(14, 15), but International Study of Unruptured In-
tracranial Aneurysms (ISUIA) data clearly demon-
strate a higher surgical risk in older patients (16).

Several studies have attempted to define features
at admission that would allow the specific prediction
of outcomes in patients in poor clinical condition
after aneurysmal SAH. However, Le Roux et al (17)
advised that no patient should be denied the oppor-
tunity to receive aggressive treatment. Patient selec-
tion based on admission features fails to provide
treatment to many patients with a poor clinical grade
who might ultimately have a favorable outcome.
These authors found that 38% of patients with a poor
Hunt and Hess grade had favorable outcomes, with a
mortality rate of 43%. Other results confirm this view,
demonstrating that 55% of patients with a World
Federation of Neurosurgical Societies grade of V
have a favorable outcome after early endovascular
treatment (8). However, all of these patients were
younger than 70 years. Few studies have been con-
ducted to evaluate endovascular treatment in the el-
derly, and most have excluded poor-grade patients. In
the present study, 38% of patients had a favorable
outcome, with a 47% mortality rate and a 15% rate of
severe disability. Grade IV patients did much better
than grade V patients; 80% of the former had a
favorable outcome compared with only 12.5% of the
latter. Our results are comparable to those of various
surgical series in elderly patients. Lan et al (5) re-
ported a 40% favorable outcome rate in their elderly
patients (�64 years) with a poor Hunt and Hess
grade; their mortality rate was 45%.

Early surgery for patients, especially elderly pa-
tients, with a poor clinical grades can be technically
difficult and contraindicated because of their poor
overall health and associated medical problems.
There are also concerns about inflicting further dam-
age to an already edematous, hemorrhagic brain, as
second-insult trauma may result from brain retraction
and manipulation. On the other hand, endovascular
treatment avoids direct mechanical trauma, though it
increases the risk of ischemic insult due to intravas-
cular thrombus formation and injury to already ath-
erosclerotic vessels in the elderly. Our complication
of embolic occlusion also emphasizes the need for
adequate heparin therapy during the procedure. En-
dovascular treatment can be performed at any time,
even during the acute phase or the vasospasm phase.
Early occlusion of the aneurysm allows for the initi-
ation of more aggressive triple-H therapy to prevent
symptomatic vasospasm. In addition to the aneu-
rysm, early vasospasm can be treated by endovas-
cular means with balloon angioplasty during the
same procedure. Another advantage of endovascu-
lar therapy is the ability to treat multiple, even
incidental, aneurysms during the same procedure.
This can be a significant advantage during aggres-
sive triple-H therapy.
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Five patients (38%) had clinical vasospasm that
required balloon angioplasty within 2–8 days of the
initial ictus. One patient underwent endovascular oc-
clusion of the aneurysm and balloon angioplasty to
treat early vasospasm during the same procedure.
Two (40%) of five patients with a grade of IV, and
three (37.5%) of eight patients with a grade of V had
vasospasm. Symptomatic vasospasm is more common
with poor clinical grades and usually detected late
because of patient sedation or unconsciousness.
Symptomatic vasospasm was detected in 23% patients
in an endovascular series of patients with a Hunt and
Hess grade of I-III (18). This rate is comparable to
the 22%–25% incidence of symptomatic vasospasm in
different surgical series in similar clinical conditions
(19, 20). However, the incidence of symptomatic va-
sospasm can be as high as 43%–55% in patients of
poor clinical grade (14, 21), as in the present study.
Vasospasm can be difficult to manage in poor-grade
elderly patients, as many of them have associated
cardiac problems that may limit triple-H therapy.
Hence, the role of endovascular treatment of vaso-
spasm may be even more valuable in this particularly
challenging subset of patients. Early detection of va-
sospasm with xenon CT, functional MR imaging, sin-
gle photon emission CT, or transcranial Doppler
sonography should be emphasized in patients with
poor-grade SAH, as neurologic examination is less
reliable for the early detection and prevention of
ischemic complications. Perfusion CT has shown
some promise in the detection of early vasospasm
(22). This may become a valuable and easily accessi-
ble imaging technique, particularly for monitoring of
vasospasm in poor-grade SAH.

Two procedure-related complications (11%) oc-
curred in 18 endovascular procedures done in the
acute phase of the treatment of aneurysms and vaso-
spasm. In three patients, aneurysm recanalization was
noted at follow-up and required repeat endovascular
treatment. One of these patients died from a myocar-
dial infarction after technically successful stent-as-
sisted coiling of a wide-necked aneurysm. Three pro-
cedure-related deaths occurred (23%). The embolic
complication that progressed to a fatal rupture after
urokinase administration illustrates the fact that pre-
ventative measures for thromboembolic complica-
tions, such as heparin and antiplatelet therapy, are
crucial. Moreover, thrombolytic therapy can have di-
sastrous results in patients with ruptured aneurysms.
The arterial rupture that occurred during balloon
angioplasty may indicate that elderly patients with
atherosclerotic vessels should be treated with extreme
caution when vasospasms are dilated. The cardiac
complication occurring after elective embolization of
a recurrent aneurysm suggests that these elderly pa-
tients are at a higher risk for complications from
general anesthesia or any invasive procedure. Our
rate of complications is comparable to the 21% and
18% incidences of all procedure-related complica-

tions and the 9% and 10% rates of fatal complications
reported in two series (21, 23).

Conclusions

Improvements in endovascular techniques and in-
strumentation have made a major impact on treat-
ment of elderly patients with a poor clinical grade.
Most of these patients can now be treated with endo-
vascular embolization in the acute phase. Early treat-
ment of the ruptured aneurysms improves overall
outcomes by reducing the incidence and extent of
associated complications such as rebleeding and va-
sospasm. Aggressive medical management of asymp-
tomatic vasospasm can be pursued early. Symptom-
atic vasospasm can also be treated by endovascular
routes during or separate from the initial treatment of
the aneurysm.

References

1. Sacco RL, Wolf PA, Bharucha NE, et al. Subarachnoid and intra-
cerebral hemorrhage: natural history, prognosis, and precursive
factors in the Framingham Study. Neurology 1984;34(7):847–854

2. Lanzino G, Kassell NF, Germanson TP, et al. Age and outcome
after aneurysmal subarachnoid hemorrhage: why do older patients
fare worse? J Neurosurg 1996;85(3):410–418

3. Kassell NF, Torner JC, Haley EC Jr, Jane JA, Adams HP, Kong-
able GL. The International Cooperative Study on the Timing of
Aneurysm Surgery, I: overall management results. J Neurosurg
1990;73(1):18–36

4. Ellenbogen BK. Subarachnoid haemorrhage in the elderly. Geron-
tol Clin (Basel) 1970;12(2):115–120

5. Lan Q, Ikeda H, Jimbo H, Izumiyama H, Matsumoto K. Consid-
erations on surgical treatment for elderly patients with intracra-
nial aneurysms. Surg Neurol 2000;53(3):231–238

6. Ikawa F, Kiya K, Kitaoka T, Yuki K, Uozumi T. Indication of early
surgery in elderly patients with ruptured intracranial aneurysms:
the comparison between surgical and conservative therapy. No To
Shinkei 1996;48(1):59–63

7. Yasui T, Yagura H, Komiyama M, et al. Management of elderly
patients with aneurysmal subarachnoid hemorrhage. No Shinkei
Geka 1992;20(6):651–656

8. van Loon J, Waerzeggers Y, Wilms G, Van Calenbergh F, Goffin J,
Plets C. Early endovascular treatment of ruptured cerebral aneu-
rysms in patients in very poor neurological condition. Neurosurgery
2002;50(3):457–64, discussion 464–465

9. Bracard S, Lebedinsky A, Anxionnat R, et al. Endovascular treat-
ment of Hunt and Hess grade IV and V aneuryms. AJNR Am J
Neuroradiol 2002;23(6):953–957

10. Sedat J, Dib M, Lonjon M, et al. Endovascular treatment of
ruptured intracranial aneurysms in patients aged 65 years and
older: follow-up of 52 patients after 1 year. Stroke 2002;33(11):
2620–2625

11. Yamashita K, Kashiwagi S, Kato S, Takasago T, Ito H. Cerebral
aneurysms in the elderly in Yamaguchi, Japan. Analysis of the
Yamaguchi Data Bank of Cerebral Aneurysm from 1985 to 1995.
Stroke 1997;28(10):1926–1931

12. Inagawa T. Cerebral vasospasm in elderly patients treated by early
operation for ruptured intracranial aneurysms. Acta Neurochir
1992;115:79–85

13. O’Sullivan MG, Dorward N, Whittle IR, et al. Management and
long-term outcome following subarachnoid haemorrhage and in-
tracranial aneurysm surgery in elderly patients: an audit of 199
consecutive cases. Br J Neurosurg 1994;8:23–30

14. Kassell NF, Torner JC, Haley EC Jr, et al. The International
Cooperative Study on the timing of aneurysm surgery, I: overall
management results. J Neurosurg 1996;73:18–36

15. Longstreth WT, Nelson LM, Koepsell TD, et al. Clinical course of
spontaneous subarachnoid hemorrhage: a population-based study
in King County, Washington. Neurology 1993;43:712–718

16. International Study of Unruptured Intracranial Aneurysms Inves-
tigators. Unruptured intracranial aneurysms–risk of rupture and

AJNR: 25, April 2004 POOR-GRADE ANEURYSMAL SAH 599



risks of surgical intervention. N Engl J Med 1998;339(24):1725–
1733

17. Le Roux PD, Elliott JP, Newell DW, Grady MS, Winn HR. Pre-
dicting outcome in poor-grade patients with subarachnoid hemor-
rhage. J Neurosurg 1996;85:39–49

18. Murayama Y, Malisch T, Guglielmi G, et al. Incidence of cerebral
vasospasm after endovascular treatment of acutely ruptured aneu-
rysms: report on 69 cases. J Neurosurg 1997;87:830–835

19. Kawakami Y, Shimamura Y. Cisternal drainage after early opera-
tion of ruptured intracranial aneurysm. Neurosurgery 1987;20:8–14

20. Solomon RA, Fink ME, Lennihan L. Early aneurysm surgery and
prophylactic hypervolemic hypertensive therapy for the treatment of
aneurysmal subarachnoid hemorrhage. Neurosurgery 1988;23:699–704

21. Kremer C, Groden C, Hansen HC, Grzyska U, Zeumer H. Out-
come after endovascular treatment of Hunt and Hess grade IV or
V aneurysms: comparison of anterior versus posterior circulation.
Stroke 1999;30(12):2617–2622

22. Jain R, Hoeffner E, Gandhi D, Deveikis J, Thompson BG,
Mukherji SK. Perfusion CT after subarachnoid hemorrhage:
utility as a screening tool to determine which patients should
proceed to angiography. Presented at: Annual Meeting of the
American Society of Neuroradiology; April 26 –May 2, 2003;
Washington, DC

23. Groden C, Freitag HJ, Koch C, Grzyska U, Zeumer H. Endovasku-
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Klin Neuroradiol 1998;8:70–77

600 JAIN AJNR: 25, April 2004


