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Management of intracranial aneurysms has greatly evolved 
over the past 2 decades. New evidence has prompted 

changes in multiple aspects of patient care including diagnosis, 
imaging surveillance, and indications and strategies for aneu-
rysm obliteration. For patients presenting with aneurysmal 
subarachnoid hemorrhage (SAH), updated guidelines for the 
prevention of aneurysmal rerupture, management of delayed 
cerebral ischemia, hydrocephalus, and medical complica-
tions of SAH have been developed.1 Analyses of nationwide 
trends using Nationwide Inpatient Sample (NIS) data have 
demonstrated a marked increase in the usage of endovascular 
therapy for both ruptured and unruptured aneurysms.2–7 The 
usage of endovascular therapy has spread from large academic 
hospitals to smaller hospitals across all geographic regions5 
and has become the procedure of choice in older patients.8,9 
Endovascular therapy has resulted in improved morbidity and 
mortality, fewer adverse events, and shorter mean length of 
hospital stay than surgical clipping.2–4,8,10

A key limitation of NIS studies is that the NIS database 
does not record important predictors of outcome including 
neurological status at presentation and the amount of sub-
arachnoid blood. As such, it is unclear whether improved 

outcomes are because of increased usage of endovascular 
therapy in patients with less severe presentations.9 In addition, 
the impact of evolving aneurysm management strategies on 
outcomes for patients with different clinical risk factors has 
yet to be investigated.

Methods
Study Design
This study was conducted in accordance with institutional guidelines 
and with the approval of the institutional review board. We retro-
spectively reviewed medical records and imaging studies for patients 
who received treatment for intracranial aneurysms at Massachusetts 
General Hospital from 1998 to 2003 and 2007 to 2013, representing 
aneurysm management before and several years after the publication 
of the International Subarachnoid Aneurysm Trial (ISAT), allowing 
sufficient time for ISAT findings to be adapted into clinical practice.11 
Our primary outcome was low or moderate disability at ≥6 months 
post treatment, defined as a Glasgow Outcome Scale scores of 4 (not 
requiring assistance in everyday life) or 5 (minor neurological and 
psychological deficits). A per-aneurysm analysis was used to allow us 
to interrogate and control for aneurysm-specific factors such as size 
and location. Cases with <6 months of clinical follow-up were ex-
cluded from the study. In univariable analysis, patients were classified 
as young (≤50 years) or old (>50 years) to permit subgroup analysis. 

Background and Purpose—Despite rapid advancements in intracranial aneurysm management, there is no evidence as of 
yet that this has translated into improvement in overall prognosis.

Methods—We compared 2 periods of aneurysm management, 1998 to 2003 (n=1023 aneurysms) and 2007 to 2013 (n=1499 
aneurysms), at a single, high-volume neurovascular center. Our outcome of interest was low or moderate disability 
(Glasgow Outcome Scale score of 4 or 5) at 6 months or more post treatment.

Results—There were significant improvements in outcome for surgical, endovascular, and overall treatment of unruptured 
(adjusted odds ratio [OR], 2.33; P=0.0091; adjusted OR, 4.40; P=0.0271; and adjusted OR, 2.58; P=0.0008, respectively) 
and ruptured (adjusted OR, 3.18; P=0.0004; adjusted OR, 3.54; P=0.0001; and adjusted OR, 3.11; P<0.0001, respectively) 
aneurysms from the first to the second time period. In 2007 to 2013, the proportion of cases with low or moderate disability 
at 6 months post subarachnoid hemorrhage was 75.6% for surgical clipping and 76.6% for endovascular therapy.

Conclusions—We report significantly improved outcomes over time for overall aneurysm management and for multiple 
patient subgroups, associated with increased usage of endovascular therapy.   (Stroke. 2016;47:708-712. DOI: 10.1161/
STROKEAHA.115.011959.)

Key Words: endovascular techniques ◼ Glasgow Outcome Scale ◼ intracranial aneurysms ◼ outcomes research  
◼ surgical instruments

Documentation of Improved Outcomes for Intracranial 
Aneurysm Management Over a 15-Year Interval

Michelle H. Chua, BS; Christoph J. Griessenauer, MD; Christopher J. Stapleton, MD;  
Lucy He, MD; Ajith J. Thomas, MD; Christopher S. Ogilvy, MD

Received October 27, 2015; final revision received November 30, 2015; accepted December 31, 2015.
From the Neurosurgical Service, Beth Israel Deaconess Medical Center, Brain Aneurysm Institute, Harvard Medical School, Boston, MA (M.H.C., 

C.J.G., L.H., A.J.T., C.S.O.); and Department of Neurosurgery, Massachusetts General Hospital, Boston (C.J.S.).
Guest Editor for this article was Giuseppe Lanzino, MD.
Correspondence to Christopher S. Ogilvy, MD, 110 Francis St, Suite 3B, Boston, MA 02215. E-mail cogilvy@bidmc.harvard.edu
© 2016 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org DOI: 10.1161/STROKEAHA.115.011959

D
ow

nloaded from
 http://ahajournals.org by on M

ay 19, 2023

mailto:cogilvy@bidmc.harvard.edu


Chua et al  Improved Outcomes for Aneurysm Management   709

This stratification was chosen as age >50 years has been associated 
with poorer outcomes in previous studies.8,9,12,13

Statistical analysis was performed using R version 3.1.1 (http://
www.r-project.org). In univariable analysis, variables were compared 
between groups by the Pearson χ2 test. Statistical significance was 
defined as P<0.025 and P<0.0125 for unruptured and ruptured an-
eurysms, respectively, using the Bonferroni correction. Changes in 
outcome for surgical, endovascular, and overall treatment of unrup-
tured and ruptured aneurysms were examined using multivariable 
logistic regression models, accounting for patient age, aneurysm 
size, location (anterior or posterior circulation), neurological status 
at admission (Hunt and Hess grade), and amount of subarachnoid 
blood (Fisher grade), which are recognized predictors of outcome.12,13 
Aneurysm size was defined as the largest dimension of the aneurysm 
(dome, length, or height). The original Fisher scale was used in this 
study to permit inclusion of aneurysms treated before the publication 
of the modified Fisher scale because a majority of old imaging stud-
ies are not presently available. Although less discriminative than the 
modified Fisher scale, the original Fisher scale correlates with the 
development of symptomatic vasospasm and has high interobserver 
agreement.14 All variables were included in the models without the 
use of a stepwise or other formal variable selection process. As the 
incidence of our outcome of interest (low or moderate disability) was 
high (>10%), relative risk was approximated from the logistic regres-
sion odds ratio as described by Zhang and Yu.15

Results
Patient Characteristics
Treatment was performed on 1094 aneurysms in 958 
patients from 1998 to 2003 and on 1543 aneurysms in 
1315 patients from 2007 to 2013. Clinical follow-up (≥6 
months) was available for 1023 aneurysms (93.5%) in 890 
patients (92.9%) and for 1499 aneurysms (97.1%) in 1282 
patients (97.5%). For unruptured aneurysms, mean age at 
time of treatment was 52.9±11.5 years in 1998 to 2003 and 
55.3±11.9 years in 2007 to 2013 and mean aneurysm size 
was 8.37±6.39 mm in 1998 to 2003 and 6.92±5.01 mm in 
2007 to 2013. For ruptured aneurysms, mean age at time 
of treatment was 53.3±13.9 years in 1998 to 2003 and 
53.8±13.3 years in 2007 to 2013 and mean aneurysm size 
was 8.18±5.18 mm in 1998 to 2003 and 6.49±3.58 in 2007 
to 2013. Relatively more unruptured aneurysms in older 
patients (>50 years) were treated in 2007 to 2013 when 
compared with those treated in 1998 to 2003 (Table 1). For 
ruptured aneurysms, there were no differences in patient age 
and Hunt and Hess grade distribution between the 2 time 
periods. Relatively more SAHs with poor Fisher grade were 
treated in 2007 to 2013 (Table 1).

Treatment Characteristics
There was increased usage of endovascular therapy for 
the treatment of both unruptured (P<0.0001) and ruptured 
(P=0.000371) aneurysms in 2007 to 2013 when compared 
with 1998 to 2003 (Table 2). For unruptured aneurysms, there 
was increased usage of endovascular therapy for both younger 
(≤50 years) (P<0.0001) and older (>50 years; P<0.0001) 
patients and for both anterior (P<0.0001) and posterior 
(P<0.0001) circulation aneurysms. For ruptured aneurysms, 
there was increased usage of endovascular therapy for older 
patients (P<0.0001), good grade aneurysms (Hunt and Hess, 
1–3; P<0.0001; Fisher 1–2; P=0.0018), and anterior circula-
tion aneurysms (P<0.0001).

Outcomes
There was a significant increase in proportion of cases with 
low or moderate disability (Glasgow Outcome Scale scores of 
4 or 5) at ≥6 months post treatment for surgical, endovascular, 
and overall treatment of both unruptured and ruptured aneu-
rysms after adjusting for age, aneurysm size, location (anterior 
versus posterior circulation), neurological status at admission 
(Hunt and Hess grade), and amount of subarachnoid blood 
(Fisher grade; Tables 3 and 4). Outcomes associated with 
individual risk factors (age, location, Hunt and Hess grade, 
and Fisher grade) are reported in Table 5. For unruptured 
aneurysms, there were significant improvements in overall 
outcome for older patients (P<0.0001) and aneurysms in the 
posterior circulation (P=0.00857; Table 5). For ruptured aneu-
rysms, there were significant improvements in overall out-
come for both younger (P=0.000888) and older (P<0.0001) 
patients, patients presenting with both good (P<0.0001) and 
poor Hunt and Hess grade (P=0.000375), patients with poor 
Fisher grade (P<0.0001), and both anterior (P<0.0001) and 
posterior (P<0.0001) circulation aneurysms (Table 5).

Discussion
We report significant improvements in clinical outcome for sur-
gical, endovascular, and overall treatment of unruptured and rup-
tured aneurysms from 1998 to 2003 to 2007 to 2013 (Tables 3–5). 
These findings are highly encouraging as SAH has traditionally 
been associated with dismal prognosis.16–18 In our 2007 to 2013 
cohort, the proportion of cases with low or moderate disability 
at ≥6 months post SAH was 75.6% for surgical clipping and 
76.6% for endovascular therapy. Improved outcomes were asso-
ciated with a general increase in usage of endovascular therapy 
(Table 2). However, conclusions on causation cannot be drawn 
as this is not a randomized controlled study.

Relatively more unruptured aneurysms in older patients 
(>50 years) were treated in 2007 to 2013 versus 1998 to 2003 

Table 1. Patient and Aneurysm Characteristics From 1998 to 
2003 and 2007 to 2013

1998–2003 2007–2013 P Value

Unruptured n=613 n=1050

    Age ≤50 y 226 (36.9%) 319 (30.4%) 0.00771

    Age >50 y 387 (63.1%) 731 (69.6%)

    Anterior circulation 538 (87.8%) 940 (89.5%) 0.308

    Posterior circulation 75 (12.2%) 110 (10.5%)

Ruptured n=410 n=449

    Age ≤50 y 164 (40.0%) 171 (38.1%) 0.614

    Age >50 y 246 (60.0%) 278 (61.9%)

    Hunt and Hess 1–3 280 (68.3%) 332 (73.9%) 0.0798

    Hunt and Hess 4–5 130 (31.7%) 117 (26.1%)

    Fisher 0–2 111 (27.1%) 74 (16.5%) 0.000225

    Fisher 3–4 299 (72.9%) 375 (83.5%)

    Anterior circulation 327 (79.8%) 383 (85.3%) 0.0400

    Posterior circulation 83 (20.2%) 66 (14.7%)

Statistical significance was assessed at P<0.025 and P<0.0125 for 
unruptured and ruptured aneurysms, respectively, using the Bonferroni 
correction.
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(Table 1), which is consistent with recent analyses of NIS data 
documenting a substantial increase in annual treatment of 
unruptured aneurysms, whereas treatment of ruptured aneu-
rysms remained stable.5 This almost certainly reflects increased 
usage of endovascular therapy as a less invasive therapeutic 
option for older patients who are poor candidates for surgery 
(Table 2). In our cohort, increased usage of endovascular ther-
apy in older patients was associated with improved outcomes 
for both unruptured (92.5% versus 97.7%; P<0.0001) and rup-
tured (46.3% versus 72.7%; P<0.0001) aneurysms (Table 5). 
This broadly supports the prevailing preference for endovas-
cular therapy and increased elective treatment of unruptured 
aneurysms in older patients despite concerns for thrombo-
embolic complications caused by atheromatous degeneration 
and tortuosity of intracranial vessels.19,20 It is possible that the 
thromboembolic complication risk has been reduced with the 
development of more advanced devices and greater provider 
experience with endovascular techniques.

Poor neurological status at presentation is a significant 
predictor of poor outcome, with reported mortality rates of 
12% to 59% in patients of any age.19–21 In this series, there 

were significant improvements in outcome for both surgical 
(25.6% versus 46.8%; P=0.00898) and endovascular (18.8% 
versus 42.5%; P=0.028) treatment of patients presenting with 
poor Hunt and Hess grade (Table 5). We also report substan-
tially improved outcomes for patients with poor Fisher grade 
for both surgical clipping (46.8% versus 71.7%; P<0.0001) 
and endovascular therapy (38.3% versus 75.6%; P<0.0001; 
Table 5), suggesting that progress in neurocritical care and 
aggressive management of complications such as hydrocepha-
lus and, in particular, cerebral vasospasm and delayed cerebral 
ischemia are likely to be key contributors to improved func-
tional outcomes.1

This work complements NIS studies reporting increased 
usage of endovascular therapy across demographic groups, 
including sex, race, income, and hospitals although surgi-
cal clipping is still being offered to a substantial number of 
patients, especially those who are younger (Tables 3 and 4).5,9 
Surgical clipping may be preferable for younger patients 
because of better durability and lower risk of rerupture,6,22 par-
ticularly in high-volume academic centers with low complica-
tion rates. In contrast to previous studies of NIS data,2–4,8,10 

Table 2. Treatment Characteristics: Choice of Treatment Modality by Age, Location, 
Hunt and Hess Grade, and Fisher Grade Comparing 1998 to 2003 and 2007 to 2013

1998–2003 2007–2013

P ValueSurgery Endovascular Surgery Endovascular

Unruptured 524 (85.2%) 89 (14.8%) 726 (69.2%) 324 (30.8%) <0.0001

    Age ≤50 y 205 (90.7%) 21 (9.3%) 219 (68.7%) 100 (31.3%) <0.0001

    Age >50 y 319 (82.4%) 68 (17.6%) 507 (69.4%) 224 (30.6%) <0.0001

    Anterior circulation 466 (86.6%) 72 (13.4%) 692 (73.6%) 248 (45.9%) <0.0001

    Posterior circulation 58 (77.3%) 17 (22.7%) 34 (30.9%) 76 (69.1%) <0.0001

Ruptured 319 (76.0%) 101 (24.0%) 291 (64.7%) 159 (35.3%) 0.000371

    Age ≤50 y 134 (74.0%) 47 (26.0%) 125 (79.1%) 33 (20.9%) 0.332

    Age >50 y 185 (77.4%) 54 (22.6%) 166 (56.8%) 126 (43.2%) <0.0001

    Hunt and Hess 1–3 237 (81.7%) 53 (18.3%) 214 (64.3%) 119 (35.7%) <0.0001

    Hunt and Hess 4–5 82 (63.1%) 48 (36.9%) 77 (65.8%) 40 (34.2%) 0.753

    Fisher 1–2 101 (83.5%) 20 (16.5%) 47 (62.7%) 28 (37.3%) 0.0018

    Fisher 3–4 218 (72.9%) 81 (27.1%) 244 (65.1%) 131 (34.9%) 0.0362

    Anterior circulation 267 (81.7%) 60 (18.3%) 259 (67.6%) 124 (32.4%) <0.0001

    Posterior circulation 42 (50.6%) 41 (49.4%) 32 (48.5%) 34 (51.5%) 0.927

Statistical significance was assessed at P<0.025 and P<0.0125 for unruptured and ruptured aneurysms, 
respectively, using the Bonferroni correction.

Table 3. Outcomes From Surgical, Endovascular, and Overall Treatment of Unruptured Aneurysms From 1998 to 2003 and 2007 to 
2013

Low or Moderate Disability, %*

1998–2003 2007–2013
Unadjusted OR 

(95% CI)
Unadjusted RR 

(95% CI) P Value C Statistic
Adjusted OR 
(95% CI)†

Adjusted RR  
(95% CI)† P Value C Statistic

Surgical 94.7 97.7 2.35 (1.27–4.35) 1.03 (1.01–1.04) 0.0062 0.605 2.33 (1.23–4.41) 1.03 (1.01–1.04) 0.0091 0.730

Endovascular 93.3 98.1 3.83 (1.20–12.2) 1.05 (1.01–1.07) 0.0229 0.647 4.40 (1.18–16.3) 1.06 (1.01–1.07) 0.0271 0.742

Overall 94.5 97.8 2.62 (1.53–4.49) 1.04 (1.02–1.05) 0.0005 0.618 2.58 (1.48–4.49) 1.04 (1.02–1.05) 0.0008 0.725

CI indicates confidence interval; OR, odds ratio; and RR, relative risk.
*Glasgow Outcome Scale score of 4 or 5 at ≥6 months post treatment.
†Adjusted for age (years), size (mm), and location (anterior or posterior circulation). Patient age and aneurysm size were modeled as continuous variables. RR was 

approximated from the logistic regression OR as described by Zhang and Yu.15
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we did not find any statistically significant differences in out-
come for surgical clipping versus endovascular therapy in the 
post-ISAT period. This raises the possibility that NIS findings 
may be because of increased usage of endovascular therapy 
in patients with less severe presentations and higher compli-
cation rates from surgical clipping in smaller neurovascular 
centers.

Our findings reflect the experience of a single, high-vol-
ume neurovascular center with a unique patient referral pat-
tern, which certainly limits the generalizability of our data. 
Nevertheless, this is encouraging evidence that advancements 
in aneurysm management strategies are being translated into 
improved outcomes. For neurosurgeons providing counseling 
to patients and families, it is important to know that prognosis 
is improving. This study involved a retrospective analysis of 
previously recorded outcomes (at ≥6 months post treatment) 
from 1998 to 2003. For consistency, cases from 2007 to 2013 

with <6 months of clinical follow-up were excluded as well. 
However, this is unlikely to have significantly affected our 
findings as the proportion of cases which were lost to follow-
up from both time periods is low. In addition, we were able to 
capture neurological recovery, which has been documented at 
and beyond 6 months post treatment.23 As this is a retrospec-
tive cohort study, the possibility of residual confounding can-
not be excluded. For example, we cannot describe how patient 
referral patterns have changed. Improved outcomes are likely 
because of a combination of factors including increased usage 
of endovascular therapy, improved ICU care, and better selec-
tion of patients for surgery versus endovascular therapy.

Disclosures
Dr Ajith Thomas serves on a Data Safety Monitoring Board of a 
Stryker Trial for brain aneurysm treatment. The other authors report 
no conflicts.

Table 4. Outcomes From Surgical, Endovascular, and Overall Treatment of Ruptured Aneurysms From 1998 to 2003 and 2007 to 2013

Low or Moderate Disability, %*

1998–2003 2007–2013
Unadjusted OR 

(95% CI)
Unadjusted RR 

(95% CI) P Value C Statistic
Adjusted OR  
(95% CI)†

Adjusted RR  
(95% CI)† P Value C Statistic

Surgical 59.2 75.6 2.13 (1.50–3.03) 1.28 (1.16–1.38) <0.0001 0.593 3.18 (1.88–4.43) 1.39 (1.24–1.46) 0.0004 0.831

Endovascular 42.6 76.6 4.41 (2.57–7.57) 1.80 (1.54–1.99) <0.0001 0.674 3.54 (1.84–6.81) 1.70 (1.36–1.96) 0.0001 0.826

Overall 55.1 75.9 2.57 (1.92–3.44) 1.38 (1.27–1.47) <0.0001 0.616 3.11 (2.18–4.42) 1.44 (1.32–1.53) <0.0001 0.821

*Glasgow Outcome Scale score of 4 or 5 at ≥6 months post treatment.
†Adjusted for age (years), size (mm), location (anterior or posterior circulation), Hunt and Hess grade (0–3 vs 4–5), and Fisher grade (0–2 vs 3–4). Patient age and 

aneurysm size were modeled as continuous variables. RR was approximated from the logistic regression OR as described by Zhang and Yu.15

Table 5. Outcomes From Surgical, Endovascular, and Overall Treatment of Unruptured and Ruptured Aneurysms by Age, Location, 
Hunt and Hess Grade, and Fisher Grade Comparing 1998 to 2003 and 2007 to 2013

Surgery

P Value

Endovascular

P Value

Overall

P Value1998–2003 2007–2013 1998–2003 2007–2013 1998–2003 2007–2013

Unruptured 496/524 (94.7%) 709/726 (97.7%) 0.00788 83/89 (93.3%) 318/324 (98.1%) 0.0379 579/613 (94.5%) 1027/1050 (97.8%) 0.000484

    Age ≤50 y 201/205 (98.0%) 215/219 (98.2%) 1 20/21 (95.2%) 98/100 (98.0%) 1 221/226 (97.8%) 313/319 (98.1%) 1

    Age >50 y 295/319 (92.5%) 494/507 (97.4%) 0.00146 63/68 (92.6%) 220/224 (98.2%) 0.0541 358/387 (92.5%) 714/731 (97.7%) <0.0001

    Anterior 
circulation

445/466 (95.5%) 678/692 (98.0%) 0.0247 72/72 (100%) 244/248 (98.4%) 0.63 517/538 (96.1%) 922/940 (98.1%) 0.0335

    Posterior 
circulation

51/58 (87.9%) 31/34 (91.2%) 0.892 11/17 (64.7%) 74/76 (97.4%) 0.000112 62/75 (82.7%) 105/110 (95.5%) 0.00857 

Ruptured 183/309 (59.2%) 220/291 (75.6%) <0.0001 43/101 (42.6%) 121/158 (77.2%) <0.0001 226/410 (55.1%) 341/449 (75.9%) <0.0001

    Age ≤50 y 88/121 (72.7%) 101/121 (83.5%) 0.0622 24/43 (55.8%) 38/50 (76.0%) 0.066 113/164 (68.3%) 139/171 (81.3%) 0.000888

    Age >50 y 95/188 (50.5%) 119/170 (70.0%) 0.000269 19/58 (32.8%) 83/108 (76.9%) <0.0001 114/246 (46.3%) 202/278 (72.7%) <0.0001

    Hunt and  
Hess 1–3

162/227 (71.4%) 184/214 (86.0%) 0.0003 34/53 (64.2%) 104/118 (88.1%) 0.000528 196/280 (70.0%) 288/332 (86.7%) <0.0001

    Hunt and  
Hess 4–5

21/82 (25.6%) 36/77 (46.8%) 0.00898 9/48 (18.8%) 17/40 (42.5%) 0.028 30/130 (23.1%) 53/117 (45.3%) 0.000375

    Fisher 1–2 81/91 (89.0%) 45/47 (95.7%) 0.312 12/20 (60.0%) 22/27 (81.5%) 0.194 93/111 (83.8%) 67/74 (90.5%) 0.272

    Fisher 3–4 102/218 (46.8%) 175/244 (71.7%) <0.0001 31/81 (38.3%) 99/131 (75.6%) <0.0001 133/299 (44.5%) 274/375 (73.1%) <0.0001

    Anterior 
circulation

165/267 (61.8%) 195/259 (75.3%) 0.00122 27/60 (45.0%) 96/124 (77.4%) <0.0001 192/327 (58.7%) 291/383 (76.0%) <0.0001

    Posterior 
circulation

18/24 (75.0%) 25/32 (78.1%) 0.00498 16/41 (39.0%) 25/34 (73.5%) 0.00587 34/83 (41.0%) 50/66 (75.8%) <0.0001

Outcomes are reported as number of patients with low or moderate disability (Glasgow Outcome Scale score of 4 or 5)/total number of patients in each risk category 
(proportion of patients with low or moderate disability). Statistical significance was assessed at P<0.025 and P<0.0125 for unruptured and ruptured aneurysms, 
respectively, using the Bonferroni correction.
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