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ABSTRACT

BACKGROUND AND PURPOSE: Endovascular coiling is an alternative to surgical clipping for ruptured intracranial aneurysms. However,
no large multicenter prospective study has compared coiling and clipping in patients with poor-grade ruptured aneurysms. We aimed to
determine differences in postoperative complications and clinical outcome between the 2 treatments in this group of patients.

MATERIALS AND METHODS: A Multicenter Poor-Grade Aneurysm Study was a prospective, multicenter, observational registry of
consecutive patients who presented with poor-grade ruptured aneurysms. Three hundred sixty-six patients were enrolled from October
2010 to March 2012. “Poor-grade aneurysm” was defined as a World Federation of Neurosurgical Societies grade of IV or V at the time of
aneurysm treatment. Two hundred sixty-two patients received aneurysm treatment within 21 days and were included. Clinical outcomes
were assessed at discharge and at 6 and 12 months by the modified Rankin Scale.

RESULTS: One hundred thirty-three (50.8%) patients underwent endovascular coiling. Unadjusted analysis showed that the outcome rate
(mRS 0—1 or mRS 0-2) at 6 and 12 months in patients undergoing coiling was higher than that in patients undergoing clipping. In adjusted
analyses, there was no statistically significant difference in outcomes at 6 and 12 months between the 2 groups. The risk of radiologic hydro-
cephalus was higher in patients treated with coiling than that in those treated with clipping (adjusted OR, 3.36; 95% Cl, 113-10.01; P = .030).

CONCLUSIONS: The long-term outcome in selected patients was similar between endovascular coiling and clipping for poor-grade
ruptured aneurysms. The risk of radiologic hydrocephalus was higher after endovascular treatment of poor-grade aneurysms.

ABBREVIATIONS: AMPAS = A Multicenter Poor-Grade Aneurysm Study; aSAH = aneurysmal subarachnoid hemorrhage; EVD = external ventricular drainage;

GCS = Glasgow Coma Scale; WFNS = World Federation of Neurosurgical Societies; ISAT = International Subarachnoid Aneurysm Trial

I ntracranial aneurysm rupture leading to aneurysmal subarach-
noid hemorrhage (aSAH) is a devastating condition. Poor-
grade ruptured aneurysms account for approximately 30% of all
cases of aSAH."? Traditionally, patients with poor-grade aneu-
rysms have been managed medically. In the past 2 decades, ag-
gressive treatment has been proposed to improve outcomes in
selected patients.">* Despite recent advances in the treatment of
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aSAH, patients with poor-grade aneurysms have high rates of
long-term morbidity and mortality."*°

The International Subarachnoid Aneurysm Trial (ISAT) has
demonstrated that for ruptured aneurysms suitable for endovas-
cular embolization and clipping, patients treated with coiling had
better outcomes than those treated with clipping.”® However,
only a few patients (4.4%) in ISAT had poor-grade aneurysms.
The results may not directly apply to poor-grade patients. Cur-
rently, case series have shown that endovascular coiling is a viable
alternative to clipping for poor-grade aneurysms.>”'® However,
to date, no randomized, controlled study has been performed to
evaluate the efficacy of coiling versus clipping for poor-grade rup-
tured aneurysms, to our knowledge. There has been no large mul-
ticenter prospective study regarding the effects of different treat-
ments on postoperative complications and clinical outcome in
these patients.

A Multicenter Poor-Grade Aneurysm Study (AMPAS) was a
prospective, multicenter, observational registry of consecutive
patients who presented with poor-grade ruptured aneurysm.''
The primary purpose of this report was to determine differences
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366 patients enrolled in the registry |
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FIG 1. Study flow diagram. The asterisk indicates that 1 center was
excluded because enrollment was not consecutive and 8 patients
were lost to follow-up.

in postoperative complications and clinical outcome between pa-
tients treated with coiling and those treated with clipping in the
AMPAS after adjustment for differences in baseline confounders.

MATERIALS AND METHODS

Study Design

The AMPAS protocol was approved by the Chinese Ethics Com-
mittee of Registering Clinical Trials (ChiECRCT-2010019) and
was published elsewhere.""' The study was registered with the Chi-
nese Clinical Trail Registry (No. ChiCTR-TNRC-10001041). Be-
tween October 2010 and March 2012, 366 patients from 11 cen-
ters were enrolled in the registry. All informed consent was
obtained from the patients’ legal representatives. All patients were
treated at tertiary referral centers (with >150 aSAH cases per
year) with expertise in aneurysm coiling and clipping. “Poor-
grade aneurysm” was defined as a World Federation of Neurosur-
gical Societies (WENS) grade of IV or V after aSAH. Patients be-
tween 18 and 75 years of age were eligible for entry if they
presented with poor-grade subarachnoid hemorrhage and had a
ruptured aneurysm as confirmed by CT angiography or digital
subtraction angiography. Patients were not enrolled if their family
refused any treatment and they died in the emergency depart-
ment. In this report, patients were excluded if they improved from
an initial poor grade to a good grade (WENS grade I or II or III)
before aneurysm treatment and if they underwent aneurysm
treatment after 21 days of poor-grade aSAH. Of the 366 patients,
262 patients were included in this study (Fig 1).

Clinical Treatment Protocol
The treatment protocol included aggressive resuscitation, inten-
sive critical care, early CT angiography or cerebral angiography if
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the patient was clinically stabilized, multidisciplinary consensus,
and early treatment.''"'? The multidisciplinary team consisting of
vascular neurosurgeons, interventional neuroradiologists, and
anesthesiologists, made the treatment decision by considering pa-
tients’ clinical conditions and radiologic findings. Surgical treat-
ment was regularly performed in patients with associated large
intracerebral hemorrhage (>30 mL), and endovascular coiling
was performed in patients with posterior circulation aneurysms.
Following aneurysm treatment, all patients were transferred to a
neurointensive care unit and underwent aggressive management
for vasospasm according to the individual institutional standards
of practice.

Data Collection and Definition

The data entry form included information on demographic char-
acteristics, medical history, clinical presentation, neurologic ex-
amination, radiologic findings at the time of treatment, aneurysm
characteristics, type and timing of treatment, postoperative com-
plications during hospitalization, and outcomes at discharge and
at 6 and 12 months. The Glasgow Coma Scale (GCS) and WENS
grade were the last assessment obtained before sedation or intu-
bation if the patient was sedated or intubated. The Fisher grade
and modified Fisher grade were determined by the last CT scan
before treatment. The time of treatment was defined as the inter-
val between the time of the poor-grade condition after ictus and
the time of aneurysm treatment.

Outcomes Measures

The outcome was assessed at each center by an independent neu-
rosurgeon by using the modified Rankin Scale. They were not
involved in the treatment of patients. The primary outcome mea-
sure was functional outcome at discharge and 6 and 12 months.
The secondary outcomes were postoperative complications.
Major complications included aneurysm rebleeding, cerebral in-
farction, symptomatic vasospasm, radiologic and clinical hydro-
cephalus, seizure, pneumonia, and renal failure. “Radiologic hy-
drocephalus” was defined as ventricular dilation with enlarged
temporal horns (=2 mm wide) on postoperative CT,'*'* and
“clinical hydrocephalus” was defined as the presence of postoper-
ative external ventricular drainage (EVD), ventriculoperitoneal
shunt or lumbar drain placement, and the presence of radiologic
hydrocephalus. “Cerebral infarction” was defined as a new hy-
poattenuation on posttreatment CT, and “symptomatic vaso-
spasm” was defined as neurologic deterioration not explained by
other causes such as seizure, hydrocephalus, edema, and a new
hemorrhage.

Statistical Analyses

Data were analyzed with SPSS, Version 22.0 (IBM, Armonk, New
York). Differences in baseline characteristics were compared be-
tween the coiling and clipping groups. An independent-samples ¢
test and Mantel-Haenszel, x?, and Fisher exact tests were used to
find variations in patient characteristics between the 2 groups.
Crude and adjusted odds ratios with 95% confidence intervals
were calculated with logistic regression analysis for major compli-
cations and outcomes (mRS 0—1, mRS 0—2, mRS 0-3, and death)
at discharge and at 6 and 12 months for the different treatment



groups. All analyses were adjusted for smoking history, pretreat-
ment GCS score, WENS grade, Fisher grade, modified Fisher
grade, brain herniation, ruptured aneurysm location, and postop-
erative EVD. In univariate analysis of the association between
radiologic and clinical hydrocephalus and clinical characteris-
tics, clinical variables with a P value = .05 were entered into the
multivariate analysis model by using the backward logistic re-
gression method to identify independent risk factors for hy-
drocephalus. Receiver operating characteristic of area under
the curve analysis was performed to test the prediction ability
of the model. A P value < .05 was considered statistically
significant.

RESULTS

Patient Characteristics

Baseline characteristics of the 262 patients are shown in Table 1.
According to multidisciplinary consensus, 133 (50.8%) patients
received endovascular coiling within 21 days after poor-grade
aSAH. Patients treated with coiling more often had a history of
smoking (P =.035), a higher GCS score (P <.001),a WENS grade
of IV (P = .002), a lower Fisher grade (P < .001) and modified

Table 1: Baseline characteristics

Fisher grade (P = .001), and a ruptured posterior circulation an-
eurysm (P < .001) than those treated with clipping. Patients
treated with clipping more commonly experienced brain hernia-
tion than did those treated with coiling (P < .001). Postoperative
EVD was more often performed in patients treated with coiling
(P < .001).

Major Postoperative Complications
Major complications are shown in Table 2. There were no signif-
icant differences in aneurysm rebleeding, cerebral infarction,
symptomatic vasospasm, seizure, pneumonia, and renal failure
between the coiling and clipping groups. Patients treated with
coiling had higher risks of radiologic and clinical hydrocephalus
than those treated with clipping (unadjusted OR, 2.91; P = .021;
and unadjusted OR, 7.47; P = .009, respectively). The risk of
radiologic hydrocephalus in the coiling group was higher than
that in the clipping group (adjusted OR, 3.36; P = .030), and there
was a trend toward clinical hydrocephalus in the patients with
coiling (adjusted OR, 5.15; P = .057) when adjusting for the status
of smoking, GCS score, WENS grade, Fisher grade, modified
Fisher grade, ruptured aneurysm location, brain herniation, and
postoperative EVD (Table 2).
Univariate analysis of the association

Variables Coiling (n =133) Clipping (n =129) PValue  between hydrocephalus and clinical

Age (yr) 54.5 (11.8) 54.4 (10.9) 960 characteristics showed that higher mod-

\:'Vometn . gé gss;ﬁ)) 69 82587;)) (2)22 ified Fisher grade (P = .019), postoper-

ertension 6% .8% . .

Cﬁfrent smoking 19 (36.8%) 32 24.8%) 035 ative EVD (P = .004), and endovas?ular

Diabetes mellitus 10 (7.5%) 4(31%) j6g  treatment (P = .021) were associated

Previous ischemic stroke 3(2.3%) 4(31%) 719 with radiologic hydrocephalus. Multi-

Previous SAH 4 (3.0%) 9(7.0%) 163 variate analysis showed that higher

GCS score 75(2.6) 64(24) <.001 modified Fisher grade (P = .012) and

WENS grade 002 endovascular coiling (P = .035) were in-
Grade IV 82 (61.7%) 55 (42.6%) . ’

Grade V 51(38.3%) 74 (57.4%) dependent risk factors for hydrocepha-
Fisher grade 31(0.9) 6(07) <.001 lus (Table 3). The 2 variables predicted
Modified Fisher grade 2.5(10) 9(0.9) .001 the risk of radiologic hydrocephalus
Intrav;zntricular hemorrhage 52 539‘1%; E 88/)) .955 with an area under the curve of 0.71
Brain herniation 17 (12.8% 9.5% <.001
Multiple aneurysms 22 (16.5%) 24 (18.6%) 661 (95% CI_’ 0'60_0?1’ P - ,'001)' The
Aneurysm size (mm) 57 (2.9) 0(39) 536 multivariate analysis for clinical hydro-
Ruptured aneurysm location <.001 cephalus showed that postoperative

Anterior circulation 107 (80.5%) 128 (99.2%) EVD (P = .001) was an independent

Posterior circulation 26 (19.5%) 1(0.8%) predictor of clinical hydrocephalus (Ta-
Preoperative EVD 10 (7.5%) 1(8.5%) 778 Ll 3) The model combining coiling
Postoperative EVD 37 (27.8%) 8(6.2%) <.001 . .

Time to treatment 544 technique and postoperative EVD pre-
0-72 hr 101(75.9%) 102 (79.1%) dicted clinical hydrocephalus with an
73 hr to 21 days 32(24.1%) 27 (211%) area under the curve of 0.79 (95% CI,

Hospital stay (days) 243(20.7) 23.3(21.4) 72 0.66—0.91; P < .001).

“Data are mean (SD) or n/N (%).
Table 2: Major complications associated with coiling compared with clipping
Crude Analysis Adjusted Analysis
Complications Coiling Clipping OR (95% CI) P Value OR (95% Cl) P Value

Aneurysm rebleeding 6(4.5%) 2(1.6%) 3.00 (0.59-15.15) 180 3.41(0.55-21.27) 189

Cerebral infarction 15 (11.3%) 23 (17.8%) 0.59 (0.29-118) 140 0.62 (0.26-149) 283

Symptomatic vasospasm 14 (10.5%) 13(10.1%) 1,05 (0.47-2.33) 910 0.53(0.18-1.59) 259

Radiologic hydrocephalus 19 (14.3%) 7 (5.4%) 2.91(1.18-7.17) .020 3.36 (1.13-10.01) .030

Clinical hydrocephalus 14 (10.5%) 2 (1.6%) 7.47 (1.66-33.57) .009 5.15(0.95-27.89) .057

Seizure 5(3.8%) 6(4.7%) 0.80 (0.24-2.69) 720 072 (0.18-2.85) 641

Pneumonia 31(23.3%) 39(30.2%) 0.70 (0.41-1.22) 210 0.61(0.30-1.24) 173

Renal failure 2(15%) 5(3.9%) 038 (0.07-1.99) 250 0.24(0.02-2.45) 230
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Outcome at Discharge

At discharge, 52 (19.8%) patients had an mRS score of 0 or 1, 78
(29.8%) had an mRS score of 0-2, 85 (32.4%) had an mRS score
of0-3,and 51 (19.5%) had died. Unadjusted analysis showed that
the rate of outcome (mRS 0-2 or mRS 0-3) at discharge in the
patients with coiling was higher than that in the patients with
clipping. There was no significant difference in outcome at dis-
charge after adjustment for the status of smoking, GCS score, WFNS
grade, Fisher grade, modified Fisher grade, ruptured aneurysm loca-
tion, brain herniation, and postoperative EVD (Table 4).

Long-Term Outcomes

At 12 months, 95 (36.3%) patients had an mRS score of O or 1, 115
(43.9%) had an mRS of 0-2, 126 (48.1%) had an mRS of 0-3, and
103 (39.3%) had died. The outcomes at 12 months according to
the WENS grade and treatment technique are shown in Fig 2.
Patients with a WENS grade of V had worse outcomes than those
with a WENS grade of IV (P <.001). Compared with outcomes at
discharge, the rate of good outcome (mRS 0-2) increased to
39.3% at 6 months and 43.9% at 12 months. The outcome was
improved after endovascular coiling or clipping with time
(Table 4). Unadjusted analysis showed that the outcome rate
(mRS 0-1 or mRS 0-2) at 6 and 12 months in patients with
coiling was higher than that in the patients with clipping. How-
ever, there was no significant difference in outcomes at 6 months
and 12 months between the 2 groups after adjustment for the
status of smoking, GCS score, WENS grade, Fisher grade, modi-
fied Fisher grade, ruptured aneurysm location, brain herniation,
and postoperative EVD (Table 4).

Table 3: Multivariate analysis of predictors of hydrocephalus

DISCUSSION
The AMPAS was a prospective, multicenter, observational regis-
try of consecutive patients who presented with poor-grade rup-
tured aneurysm and was reflective of a real-world practice of
multidisciplinary treatment of poor-grade aneurysms. Some pa-
tients experienced further clinical improvement with time. In this
exploratory analysis, there was no significant difference in out-
comes at 6 and 12 months between the 2 treatments. However,
patients treated with coiling had a higher risk of radiologic hydro-
cephalus than those treated with clipping, and there was a trend
toward clinical hydrocephalus in the patients with coiling.
Although numerous studies have reported outcomes in se-

lected patients with poor-grade aneurysms,">*>*1°

interpreta-
tion of the results from case series or from single-center retrospec-
tive studies has been hampered by the use of different clinical
grading scales (WFNS grade or Hunt and Hess scale) and out-
come measurement scores and heterogeneity in the type of treat-
ment and in the timing of outcome assessments.""' In this study,
standard neurologic scales, risk factor data, and functional out-
come scores were prospectively collected in all sites. The registry
dataset is also representative of the current practice for poor-
grade aneurysms in high-volume centers. Our results are slightly
better than those reported in older studies (good outcome of
38.3%-40.0%)"* and are in agreement with current studies
showing a good outcome of approximately 50%."'>'® These find-
ings might suggest that there is an increase in the proportion of
patients experiencing good outcomes in recent years. In addition,
our results also support the recent study showing that poor-grade
patients have experienced delayed recovery with time.'® Cerebral

recovery may be attributable to cerebral

16

plasticity.

Univariate Analysis

Multivariate Analysis

Since the ISAT study, endovascular

coiling is more commonly used than

Predictors OR (95% ClI) P Value OR (95% ClI) P Value o

e s clipping for ruptured aneurY.sms. Qur
Fisher grade 1.91(1.00-3.66) 050 results also show that most patients with
Modified Fisher grade 179 (110-2.92) .019 1.88 (1.15-3.08) .012 a WENS grade of IV and almost all pa-
Endovascular coiling 2.91(118-7.17) .021 2.85(1.08-7.57) .035 tients with posterior circulation aneu-
Postoperative EVD 359 (1.51-8.55) 004 rysms received endovascular treatment.

Clinical hydrocephalus Unadiusted . £ out
Endovascular coiling 7.47 (166-33.57) 009  427(0.89-20.45) 070 nadjusted comparisons of outcomes
Postoperative EVD 1005(343-29.40) <001 679 (222-207)) 001 showed that patients treated with coiling

Table 4: Clinical outcomes associated with coiling compared with clipping
Crude Analysis Adjusted Analysis
Outcomes Coiling Clipping OR (95% Cl) P Value OR (95% ClI) P Value

At discharge
mRS (0-1) 30(22.6%) 22 (17.1%) 142(0.77-2.62) 266 0.62(0.28-1.38) 241
MRS (0-2) 48 (36.1%) 30 (233%) 1.86 (1.09-3.20) 024 0.74 (0.35-1.60) 448
MRS (0-3) 51(38.3%) 34 (26.4%) 174 (1.03-2.94) 039 0.66 (0.31-139) 273
Death 27 (203%) 24 (18.6%) 111(0.60-2.06) 729 1.88 (0.84-4.25) 127

At 6 Mo
mRS (0-1) 51(38.3%) 29 (22.5%) 215 (1.25-3.69) 006 134 (0.69-2.62) 394
mRS (0-2) 61(45.9%) 42 (32.6%) 176 (106-2.90) 028 0.92(0.48-179) 808
MRS (0-3) 66 (49.6%) 54 (41.9%) 137(0.84-2.23) 208 0.64 (0.33-1.26) 195
Death 47 (35.3%) 52 (40.3%) 0.81(0.49-1.33) 407 1.80 (0.91-3.54) 091

At 12 Mo
MRS (0-1) 58 (43.6%) 37 (28.7%) 192 (115-3.21) on 0.98 (0.51-1.91) 961
MRS (0-2) 68 (51.1%) 47 (36.4%) 1.83 (111-2.99) o7 0.75(0.38-1.49) 410
mRS (0-3) 71(53.4%) 55 (42.6%) 1.54 (0.95-2.51) .082 0.61(0.31-1.22) 162
Death 48 (36.1%) 55 (42.6%) 0.76 (0.46-125) 279 170 (0.86-3.33) 15
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FIG 2. Outcome at 12 months in all patients. A, Outcome according to WFNS grade. B, Outcome by type of treatment in all patients.

had a better outcome than those treated with clipping at 6 and 12
months. Selected patients with a WENS grade of IV were treated
with coiling and might have a better outcome. After we adjusted
for differences in baseline risk factors, these outcomes after coil-
ing were similar to those after clipping. In a prospective data base
of poor-grade aneurysms, Mocco et al” reported that 35 (35.7%)
of 98 patients underwent coiling, and there was similar outcome
between coiling and clipping. The current results at the 3- and
6-year follow-ups in the Barrow Ruptured Aneurysm Trial also
showed that there was no significant difference in outcome be-
tween the 2 treatments for ruptured aneurysms.'”'® These results
suggest that both endovascular coiling and surgical clipping are
viable treatment options for poor-grade ruptured aneurysms. Cli-
nicians should make treatment decisions case-by-case, weighing
the benefit of different treatments. Furthermore, with improve-
ments in endovascular technology and surgical techniques, aneu-
rysm treatment does not seem to make a big difference in the
outcomes of selected patients.

Previously, no study focused on poor-grade aneurysms to de-
termine the effects of coiling and clipping on the postoperative
complications. In our study, radiologic hydrocephalus was used
to make it more appropriate to assess these complications at all
sites. Our results are in line with a meta-analysis showing a signif-
icantly higher risk for hydrocephalus after coiling than clipping
for ruptured aneurysms.'® Our study also showed a trend toward
clinical hydrocephalus in the coiling group because open surgery
may remove the clot and open cistern and result in less hydro-
cephalus.'” However, Zaidi et al*” reported no difference in hy-
drocephalus among patients treated by coiling or clipping. There
is still a controversy regarding the effect of treatment technique on
hydrocephalus, probably because of different diagnostic criteria
of hydrocephalus and the time period observed. In addition, all
patients had poor neurologic conditions, and systematic vaso-
spasm could not be precisely detected. The long-term complica-
tions were also not determined because due to a high mortality in
poor-grade patients, it might be difficult to properly compare
these complications across time.

To the best of our knowledge, this is the first multicenter pro-
spective report focused on the effects of postoperative complica-
tions and clinical outcome between the 2 treatments for poor-
grade ruptured aneurysms. However, our study has several
limitations. First, it was not a randomized study, and the draw-
back is that selected patients were included for the exploratory

analysis. All patients were treated according to the individual pa-
tient and aneurysm characteristics on the basis of multidisci-
plinary decision-making. Other factors such as family desires, rel-
ative treatment risk, and medical expenses may influence the
decisions about treatment technique. Therefore, the decision re-
garding treatment of poor-grade aneurysms is complex and could
not be defined in a registry study. Although we have adjusted for
baseline imbalance between the 2 treatments, other unmeasured
variables outside the analysis may contribute to selection bias.
Therefore, no direct causal effect between treatment and compli-
cations and clinical outcome could be ascertained. Further studies
focused on poor-grade aneurysms are needed to help guide treat-
ment decisions. Second, we did not record laboratory findings
and long-term imaging follow-up, and there may be other risk
factors for outcome. Nevertheless, we found no difference in
long-term outcomes between the 2 treatments by using a rela-
tively large number of poor-grade patients, but the higher risk of
radiologic hydrocephalus should be considered after endovascu-
lar coiling. These results may also help clinicians assess and treat
the postoperative complications after both treatments.

CONCLUSIONS

Unadjusted comparisons of outcomes showed that patients un-
dergoing coiling had a better outcome than those undergoing
clipping. Selected patients who were treated with coiling may have
a better outcome. Adjusted analysis showed that the outcomes at
6 and 12 months were similar between the 2 treatments. A clinical
trial focused on poor-grade ruptured aneurysms would be neces-
sary to further assess the efficacy of different treatments. The
higher risk of radiologic hydrocephalus was found in patients af-
ter endovascular coiling for poor-grade ruptured aneurysms.
Meanwhile, there was a trend toward clinical hydrocephalus in
patients treated with coiling.
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