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Abstract

Background and purpose: An analysis of predictors of mor-
tality in patients with ruptured intracranial aneurysm is an im-
portant aspect in the assessment of outcome. The aim of the
study was to analyse factors determining mortality risk after
the surgical treatment of ruptured internal carotid artery (ICA)
aneurysm.

Material and methods: This study comprised 242 patients
operated on between 1997 and 2006 in the Neurosurgery De-
partment of the Medical University Hospital in Gdansk, Poland.
Multivariate logistic regression, ROC curves (for model assess-
ment as a mortality classifier) and population attributable
risk for contribution of individual factor mortality explanation
were used to assess factors related to in-hospital mortality.
Results: 14.9% of patients died postoperatively. In univariate
analysis, increased risk of death was related to the Glasgow
Coma Scale score, WENS score, Hunt-Hess and Fisher grade,
preoperative neurological deficit, delayed cerebral ischaemia
(DCI), trapping and bypass operative method. Multivariate
analysis revealed two independent predictors of in-hospital mor-
tality: DCI and Hunt-Hess grade. 91% of mortality risk was
attributed to grade 4 or § in Hunt-Hess scale and DCI.
The dominant predictor of survival was the Hunt-Hess scale.
Increase by one grade in the Hunt-Hess scale resulted in two-
fold increase of in-hospital mortality risk.

Conclusions: Postoperative mortality after ICA aneurysm rup-
ture is determined by clinical status at admission and the oc-
currence of DCI.

Streszczenie

Wstep i cel pracy: Analiza czynnikowa $miertelno$ci wéréd cho-
rych z peknigtym tetniakiem wewnatrzczaszkowym stanowi
wazny aspekt w ocenie wynikéw leczenia. Celem pracy byta ana-
liza czynnikéw majacych wplyw na zwigkszone ryzyko zgonu
po operacji krwawiacego tetniaka tetnicy szyjnej wewnetrzne;.
Materiat i metody: W badaniu wzieto udziat 242 chorych
operowanych w latach 1997-2006 w Klinice Neurochirurgii
Gdanskiego Uniwersytetu Medycznego. Czynniki rokownicze
$miertelno$ci w tej grupie analizowano za pomoca wieloczyn-
nikowej regresji logistycznej, poréwnania krzywych ROC
(celem oceny poprawnosci catego modelu jako klasyfikatora
$miertelnosci) 1 wskaznikéw ryzyka przypisanego populacji
(PAR) dla wskazania udzialu poszczegélnych czynnikéw w wy-
jasnieniu $miertelno$ci. Analizowano jedynie przypadki zgo-
néw wystepujace w trakcie hospitalizacji.

Wyniki: Smiertelno$¢ pooperacyjna wyniosta 14,9%. W ana-
lizie jednoczynnikowej ryzyko zgonu zalezalo od: stopnia
w skali $piaczki Glasgow, punktacji w skali WENS, Hunta-
-Hessa, Fishera, przedoperacyjnego deficytu neurologiczne-
go, rozpoznania op6znionego niedokrwienia mézgu (delayed
cerebral ischaemia — DCI), metody operacyjnej polegajacej na
zamknieciu naczynia lub wytworzeniu obej$cia naczyniowe-
go. Sposréd nich analiza wieloczynnikowa wylonita dwie nie-
zalezne zmienne, ktére mialy istotny wplyw na $Smiertelnos¢:
DCI oraz stan kliniczny pacjentéw przy przyjeciu mierzony
w skali Hunta-Hessa. Stopien 4. 1 5. w tej skali oraz rozpo-
znanie DCI odpowiadaly za 91% ryzyka zgonu po operacji
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Introduction

The history of aneurysms’ treatment dates back to the
18th century. Then, for the first time, internal carotid artery
(ICA) ligation was attempted as a medical treatment.
Accordingly, Dandy in 1936 made a breakthrough
when he ligatured the ICA rostral and caudal to the neck
of the aneurysm adjacent to the cavernous sinus; a year
later he clipped the ICA aneurysm neck with a Cushing
silver clip [1]. Yasargil described his improved pterional
craniotomy in 1969; it has been used since as an approach
for the majority of intracranial aneurysms [2]. Yasargil’s
legacy in the development of intracranial aneurysms’
treatment is very significant. He developed so-called
“floating microscope”, currently a standard in the neu-
rosurgical operative theatre, improved microsurgical
instrumentation and designed a plethora of vascular clips
along with instruments for their application [3]. He de-
scribed microsurgical methods that spare brain tissue on
the approach to the pathology and performed the first
experimental bypass between the superficial temporal
artery and middle cerebral artery in 1970 [3,4].

FEndovascular treatment is a current alternative for sur-
gical disconnection of ruptured aneurysms from the cir-
culation. The aim of the treatment remains the same, 1.e.
the disconnection of the aneurysm from the circulation
while ensuring blood flow through the native vessel and
perforators, which originate from it [3,5,6]. The outcome
of surgical and endovascular techniques, despite their con-
stant development, is comparable [5-7].

The decision whether endovascular or surgical tech-
nique is superior in the treatment of aneurysms remains
a constant and inextricable subject of debate in neuro-
surgery [8,9]. The multicenter study ISUIA [10] proved
that the risk of rupture of the smaller aneurysm varied
between 2.5 and 40% in five-year follow-up and thus
necessitated treatment for the majority of patients with
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tetniaka tetnicy szyjnej wewnetrznej. Dominujace znaczenie
w przewidywaniu przezycia miafa skala Hunta-Hessa. Oce-
na stanu klinicznego chorego o jeden stopien wyzej w tej ska-
li zwigkszala ponaddwukrotnie ryzyko zgonu pooperacyjnego.
Whioski: Smiertelnoé¢ pooperacyjna po peknicciu tetniaka tet-
nicy szyjnej wewnetrznej uwarunkowana jest stanem klinicz-
nym przy przyjeciu 1 wystapieniem DCI.

Stowa kluczowe: tetniak wewnatrzczaszkowy, krwawienie

podpajeczynéwkowe, tetnica szyjna wewnetrzna, Smiertelnosc,
wyniki leczenia.

radiologically diagnosed intracranial aneurysms. Surgi-
cal treatment of unruptured, intracranial aneurysms car-
ries relatively low mortality that does not exceed 2% [9].

Rupture of an intracranial aneurysm results in sub-
arachnoid haemorrhage (SAH). Annual morbidity of
SAH varies between 6 and 8 cases per 100 000 [9,11]
while in Finnish and Japanese populations this value might
be several times higher [11]. Prognosis for ruptured in-
tracranial aneurysm is unfavourable: two-thirds of all pa-
tients succumb to the disease or are left with disability [3].

Postoperative mortality analysis in intracranial aneu-
rysms after surgical or endovascular treatment remains
a principal assessment of the therapeutic modalities in neu-
rosurgery [7,9,12]. Kassell’s multicenter study proved
that a favourable outcome of surgical treatment of rup-
tured aneurysms relies on factors directly related to
SAH, aneurysm localization, age or coexisting diseases.
Subsequent publications partially confirmed the role of
factors initially listed by Kassell and introduced new prog-
nostic variables; still the analysis always embraced patients
with all localizations of intracranial aneurysms [7,9,12,
15-19]. In our opinion, it would be of value to perform
an analysis of factors that might influence the outcome
of patients following SAH from a selected artery such
as the internal carotid artery (ICA), which is one of the
most common localizations of intracranial aneurysms
[3,4]. An important cause of increased mortality relates
to the occurrence of vasospasm that follows SAH [ 16,
18,19]. Internal carotid artery aneurysm’s rupture most
often fills basal cisterns with blood [3], which consequent-
ly makes factorial analysis of mortality for this aneurysm
localization more reliable.

A widespread view in the neurosurgical community
[3,4] advocates that the size of the aneurysm constitutes
an important prognostic factor. Surgery for ruptured
glant aneurysm, according to a number of authors
[9,20-22], is associated with higher mortality, which might
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reach 30% [21]. The authors suggest that the rationale
for failure of surgical management of these aneurysms
includes deficiency of surgical techniques [6,22] and,
according to some of them, higher amount of extravasated
blood [4,23,24]. Some of the papers stress that a prop-
er treatment strategy might significantly improve outcome
of surgical treatment of giant aneurysms [22]. In our
opinion this justifies the analysis of the influence of the
aneurysm size on postoperative mortality in our centre.

Material and methods
Patients

A total of 1035 intracranial aneurysm operations were
performed in the Department of Neurosurgery of
Gdansk Medical University between 1997 and 2006.
Retrospective analysis involved a homogeneous group of
281 patients with ruptured intracranial aneurysms of the
ICA. Multiple ruptured aneurysms (# = 34), one intra-
cavernous ruptured aneurysm and 4 cases of blood blis-
ter-like ICA aneurysms were excluded from the analy-
sis. Patients with multiple aneurysms were excluded from
our cohort when ICA aneurysm was treated simultane-
ously with another intracranial aneurysm. Analysis of mor-
bidity encompassed patients with ruptured ICA aneurysm
when another aneurysm (assessed preoperatively as
non-ruptured, accidentally found) was treated a few
months later. The final cohort included 242 patients treat-
ed for ruptured saccular ICA aneurysm, which consti-
tutes 23.4% of aneurysm surgery in our department.

We elected a group of ICA aneurysms for further
analysis due to the following reasons: (1) ICA constitutes
one of the most common localizations of intracranial
aneurysms; (2) basal cisterns fill with blood in patients
with ruptured aneurysms located proximally to the
middle cerebral artery, which conversely increases the pro-
portion of patients with vasospasm [16,25,26];
(3) ruptured ICA aneurysms have similar blood distri-
bution within basal cisterns, which produces a similar out-
come; (4) Kassell [13] proved that mortality depended
on aneurysm’s localization. In his hands, mortality var-
ied from 20% (middle cerebral artery), 24% (ICA) to
30.5% (anterior communicating artery and basal artery);
and (5) to the best of our knowledge, no reports exist that
specifically address mortality risk factors following
SAH from ruptured aneurysms at the same location.

The age of patients in our cohort averaged 51.7 years
(standard deviation [SD], 12.4) and ranged from 17 to
83 years. Women constituted the majority of cases
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(n = 186; 76.9%). One hundred and twenty-seven pa-
tients (52.5%) had secondary or higher education while
115 patients (47.5%) had professional or lower educa-
tion. Only 21% (n = 51) of patients lived in rural areas.

Our group included 36 giant aneurysms (diameter
exceeding 25 mm) (14.9% of patients) and 206 smaller
aneurysms. Artery segments occupied by giant ICA
aneurysms differed from smaller aneurysms (p < 0.01),
probably due to the different mechanism of development
of giant ICA aneurysms [27]. Giant aneurysms were more
prevalent in the clinoid segment (1-B = 91.9%) and
were smaller in the supraclinoid segment (1§ = 94.7%)
(see Fig. 1).

Clinical status of the patients was evaluated on ad-
mission. Post-SAH clinical status was judged based on
the Hunt-Hess scale with Kosnik’s modification [28,29].
Consciousness level was assessed on admission based on
the Glasgow Coma Scale (GCS) [30] and World
Federation of Neurosurgeons Scale (WFNS) [31].
For grading in the WENS and Hunt-Hess scales, an
examination for focal neurological deficits was necessary.
The extent of bleeding was radiologically appraised
according to the Fisher scale, based on the initial CT scan
that confirmed SAH (Table 1) [25].

Most of the patients in our cohort (7 = 150, 62.0%)
presented with other systemic illnesses such as hyper-
tension, coronary heart disease and depression.

Surgical methods

A fronto-temporal approach was usually implement-
ed; in 3 cases it was extended to an orbito-zygomatic
approach in the modification published by us previous-
ly [32]. Extended craniotomy in each case involved an
additional extradural, partial osteotomy of the lesser wing
and superior orbital fissure decompression that widened
the access. In selected cases, mainly in giant aneurysms
of the clinoid segment, extradural resection of the ante-
rior clinoid process (ACP) with concomitant optic canal
opening was performed. The surgery always aimed at the
clipping of the aneurysm’s neck. If preoperative, rarely
intraoperative, estimation proved clipping to be not fea-
sible, an ICA trapping with bypass was performed. Wrap-
ping of the aneurysm was an optional method of secur-
ing it. Microvascular, intraoperative Doppler examination
was performed in order to ensure ICA patency and
aneurysm’s occlusion. In selected cases of giant aneurysms
various supplemental methods were instigated. Surgical
modalities in the treatment of giant aneurysms (z = 36)
were significantly different from those implemented in or-
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AChA — anterior choroid artery, PCoA — posterior communicating arfery, OphtA — ophtalmic artery

Fig. 1. Number of cases (dead/all) and percentage of deaths for individual localisation of giant and smaller internal carotid artery aneurysms. P-value is marked for

comparison of individual aneurysm localisation

Table 1. Clinical condition and radiological assessment at admission

Variable n (%)
Neurological deficit
Hemiparesis 17 (7.0%)
Aphasia 8 (3.3%)
Third nerve palsy 13 (5.4%)
Sixth nerve palsy 2(0.8%)
Unspecified visual symptoms 5(2.1%)
No focal neurological deficits 198 (81.8%)
World Federation of Neurosurgeons (WEFNS) scale
Grade | 148 (61.2%)
Grade II 10 (4.1%)
Grade 111 12 (5.0%)
Grade IV 56 (23.1%)
Grade V 16 (6.6%)
Fisher scale
Grade 1 7(2.9%)
Grade 2 133 (54.9%)
Grade 3 82 (33.9%)
Grade 4 20 (8.3%)
Hunt-Hess scale
Grade 1 49 (20.2%)
Grade 1A 10 (4.1%)
Grade 2 88 (36.4%)
Grade 3 43 (17.8%)
Grade 4 37 (15.3%)
Grade § 15 (6.2%)
546

der to secure smaller ones (# = 206, < 0.01). Small-
er aneurysms were clipped more often (1-3 = 68.8%),
while a bypass was performed only in selected cases of
giant ICA aneurysms (1-§ = 82.2%).

Surgery of smaller aneurysms was performed by
7 neurosurgeons while giant ones were treated by one
author (PS) (Table 2). Only clinically significant surgical
complications were analysed (Table 3).

Neurological status was evaluated again during
hospitalization and compared with neurological status on
admission. Delayed cerebral ischaemia (DCI), defined
as the occurrence of new, focal neurological deficits and/or
consciousness level deterioration during hospitalization,
was found in 23 patients, which constituted 9.5% of the
group.

Definitions of perioperative (within 48 h after sur-
gery) and postoperative (more than 48 h after surgery)
death were adopted from the Joint Commission on Ac-
creditation of Healthcare Organizations classification
[33]. Only death cases that occurred during hospitali-
zation in the department were analysed.

Primarily, in order to ensure proper selection of sta-
tistical tests, normal distribution of continuous variables
was verified with Kolmogorov-Smirnov test with Lilliefors
correction. For categorical variables, depending on the
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Table 2. Operative methods and accessory fechniques

Predictors of postoperative mortality in ruptured ICA aneurysms

Giant ICA aneurysms Small ICA aneurysms
(n = 36) (n = 206)
n (%) n (%)
Surgical approach
Pterional craniotomy 34 (94.4%) 205 (99.5%)
Extended orbito-zygomatic pterional approach 2(5.6%) 1(0.5%)
Additional osteotomy
ACP osteotomy 7 (19.4%) 7 (3.4%)
Optic nerve canal opening 1(2.8%) 0
Surgical modality implemented
Clipping* 30 (83.3%) 196 (95.1%)
Trapping 0 3(1.5%)
Wrapping 1(2.8%) 4 (1.9%)
Revision only (clipping not feasible) 2 (5.6%) 3(1.5%)
ECA-MCA bypass* 3(8.3%) 0
Supportive methods
Retrograde suction 2(5.6%) 0
FEndovascular balloon 1(2.8%) 0
ICA ~ internal carotid artery, ACP — anterior clinoid process, ECA-MCA — external carotid artersy 10 middle cerebral artery
*Significant differences between operative methods and aneurysm size groups
size of the group and expected values, chi-square with Table 3. Operative complications (surgical and general)
or without Yates correction, V-square or Fisher’s exact test —
was implemented. Conclusions for aforementioned tests Complication type Am(:rl‘ys::fzn):up
were based on differences between observed and theo- n (%)
retical frequencies. Comparisons of continuous variables Surgical 5(2.1%)
were performed with Student’s #-test or its non-parametric Haematoma that required surgical treatment 2 (0.8%)
equivalent, Mann-Whitney U-test. A probability value Wound infection that required surgical 1(0.4%)
was assessed for all relationships between continuous vari- debridement
ables. Comparisons in univariate analyses for which test Rhinorrhea 1(0.4%)
power (1-f) exceeded 80% were considered significant. Subgaleal fluid collection 1(0:4%)
Multivariate analysis was based on a logistic regression | General 7(2:9%)
model with Quasi-Newton estimation. Non-significant Myocardial infarction 1 (0.4%)
factors (p = 0.05) were successively excluded from the Infection treated conservatively 5 (2.1%)
analysis in order to attain a hierarchical logistic regres- meningitis 2 (0.8%)
sion model. Confidence intervals (CI) for odds ratios were pneumonia 2(0-8%)
established at 95%j; each hypothesis was verified at the urinary tract infection 1(0-4%)
£<0.05 level of confidence. A receiver operating chara- | Pulmonary embolism 1 (0-4%)
cteristics (ROC) curve was created and area under curve Total 12(5.0%)
(AUC) was calculated. Described tools (ROC and AUC)
were subsequently applied in order to verify the correct- Results

ness of the whole model as a mortality classifier. Popu-
lation attributable risk (PAR) was calculated in order to
assess the percentage of mortality reduction if given risk
factors had not existed. Statistical analysis was performed
with Statistica v.9.0 (basic statistics and the power of tests),
Med Cale v.11.4 (ROC curve analysis) and StatsDirect
v.2.7.8 (PAR calculation and their CI for retrospective
analysis).
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Homogeneity of the group

At first, an analysis of homogeneity of our group of
surgically treated, ruptured ICA aneurysms was per-
formed with subsequent correlative studies between
demographic factors, localization, performing surgeon,
clinical status and SAH intensity (Hunt-Hess, GCS,
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Table 4. Homogeneity analysis of the group. Correlation between demographic factors, localisation of aneurysm, surgeon and dlinical condition and radiological asses-

sment on admission (n = 242)

Hunt-Hess scale  GCS WFNS Fisher scale Neurological symptoms

prior to surgery
Age 0.14 0.61 0.55 0.69 0.24
Sex 0.91 0.45 0.22 0.23 0.53
Education 0.17 0.73 0.30 0.87 0.25
Place of residence (countryside/town) 0.94 0.85 0.38 0.82 0.51
Coexisting diseases 0.63 0.70 0.84 0.57 0.50
Side 0.24 0.36 0.20 0.72 0.24
ICA segment 0.78 0.28 0.68 0.41 0.36
Detailed location 0.56 0.28 0.46 0.10 0.56
Year of operation 0.44 0.77 0.78 0.82 0.37
Surgeon 0.22 0.06 0.17 0.12 0.08
Number of aneurysm operations 0.08 0.06 0.15 0.06 0.30
performed by the surgeon

GCS — Glasgow Coma Scale; WFNS — World Federation of Neurosurgeons Scale, ICA — internal carotid artery

WENS, Fisher scales and preoperative neurological sta-
tus). No significant relationship was found. In particu-
lar, ICA segment and specific aneurysm localization did
not influence clinical status of the patients on admission
or the amount of blood extravasated. The ruptured ICA
aneurysm group was homogeneous (Table 4).

Mortality analysis

We found no cases of intraoperative or early post-
operative deaths in our cohort. Late postoperative mor-
tality (later than 48 h after surgery) reached 14.9%
(n = 36). Table 5 provides detailed characteristics of pa-
tients who died or survived SAH.

Univariate analysis of demographic data that could
influence mortality revealed no relationships between sex
(p = 0.94), education (p = 0.98), domicile (p = 0.77)
and increased percentage of postoperative deaths. Simi-
larly, coexistence of other diseases (» = 0.82) did not af-
fect mortality.

Age had no effect on mortality, either (»p = 0.66).
Average age of patients who died and survived was
the same and amounted to 51.9 (SD, 11.8) and 51.6 (SD,
12.5) years, respectively. None of the patients below
30 years of age (0/12) died while 21.7% (5/23) of patients
above 70 succumbed.

Clinical status on admission assessed with the Hunt-
Hess scale along with consciousness levels judged with
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GCS and WENS scales significantly influenced post-
operative mortality in univariate analysis (p < 0.01). Neu-
rological deficits prior to surgery increased the probability
of death (p < 0.01). Risk of death after aneurysm surgery
in patients in the 4th or 5th grade in the Hunt-Hess scale
was almost six times higher than the patients in better
clinical condition (OR = 5.9,95% CI: 2.8-12.4). A sim-
ilar proportion of postoperative deaths in grades 1 and 2,
and grades 3, 4 and 5 of this scale was found; Osawa in
his study [21] reported analogous results. Comparative
analysis of mortality for various grades in the WENS scale
revealed significantly lower mortality in the present
series in comparison to the patients in the ISAT trial
(Figs. 2 and 3) [9].

The extent of bleeding was radiologically appraised
according to the Fisher scale; we found that it had a sig-
nificant influence on death frequency. Univariate analy-
sis proved that the risk of death of patients in the 3 or
4th grade in the Fisher scale was almost four times high-
er when compared to grades 1 and 2 (OR = 3.8;
95% CI: 1.8-8.2). We noted no significant differences
in comparison to Osawa’s study (Fig. 4) [21].

Next, we evaluated the influence of operative method
of aneurysm exclusion from circulation on the risk of post-
operative death, separately for each group. Various sur-
gical modalities implemented in order to obliterate ICA
aneurysm significantly influenced postoperative mortality
(» < 0.01) (Fig. 5). Trapping of the artery with or with-
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Table 5. Characteristics of patients who survived or died after the surgical treatment of infernal carotid artery aneurysm (percentages mean proportion of the cases)

Variable Patients who died Survivors
n (%) n (%) n (%)
WENS scale
i 11 (7.4%) 137 (92.6%)
11 1(8.3%) 10 (100%)
111 0 11 (91.7%)
v 16 (28.6%) 40 (71.4%)
v 8 (50%) 8 (50%)
Fisher scale
1 0 7 (100%)
2 11 (8.3%) 122 (91.7%)
3 19 (23.2%) 63 (76.8%)
4 6 (30%) 14 (70.0%)
Age 51.9 = 11.8% 51.6 = 12.5*
Surgeon experience (no. of operations performed) 91.7 = 50.5* 82.6 £ 52.0%
GCS scale 10.2 = 4.0* 13.4 = 2.8%
Hunt-Hess scale
1 1(2%) 48 (98.0%)
1A 0 10 (100%)
2 9(10.2%) 79 (89.8%)
3 7 (16.3%) 36 (83.7%)
4 12 (32.4%) 25(67.6%)
5 7 (46.7%) 8 (53.3%)
Men 9 (16.1%) 47 (83.9%)
Women 27 (14.5%) 159 (85.5%)
Higher education 4 (13.3%) 26 (86.7%)
Place of residence (countryside) 2(3.9%) 49 (96.1%)
Coexisting disease 23 (15.3%) 127 (84.7%)
Preoperative neurological symptoms 5(11.6%) 38 (88.4%)
Postoperative neurological symptoms 9(50.0%) 9(50.0%)
Delayed cerebral ischaemia 7 (30.4%) 16 (69.6%)
All complications 5(5.6%) 17 (94.4%)
General complications 0 13 (100%)
Surgical modality 1(20.0%) 4 (80.0%)
Clipping 29 (12.8%) 197 (87.2%)
Trapping 2(66.7%) 1(33.3%)
Wrapping 1(20.0%) 4 (80.0%)
Revision only 2 (40.0%) 3(60.0%)
Bypass 2 (66.7%) 1(33.3%)

*Mean * standard deviation
GCS — Glasgow Coma Scale, WF'NS — World Federation of Neurosurgeons Scale

out bypass was associated with significantly higher per-
centage of postoperative deaths, despite the fact that these
groups were relatively small (» = 5 and » = 3, respec-
tively). Comparison with another group of patients
[21] showed no significant differences in mortality rates.
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Mortality in an analysed group of ruptured ICA
aneurysms was independent of the year when the
surgery was performed (p = 0.15), the performing
surgeon (p = 0.07) and his experience, i.e. the number
of aneurysm operations performed by the surgeon
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Fig. 2. Postoperative mortality in individual grades of the Hunt-Hess scale.
Mortality from Osawa [21] series was shown, comparison analysis (p) and
power analysis was performed
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Fig. 4. Postoperative mortality in individual grades of the Fisher scale.
Mortality from Osawa’s [21] series was shown, comparison analysis (p) and
power analysis was performed

(p = 0.08), side (p = 0.45), artery segment (p = 0.39)
and aneurysm localization (p = 0.40).

We found no significant relationship between post-
operative complication occurrence (p = 0.25), neither
surgical (p = 0.74) nor general (p = 0.12), and post-
operative mortality. On the other hand, the occurrence
of new neurological deficits and/or consciousness level
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Fig. 5. Influence of aneurysm operative method on mortality risk. Mortality
from Osawa’s [21] series was shown, comparison analysis () and power ana-
lysis was performed

deterioration (DCI) during hospitalization led to in-
creased mortality in these patients (p < 0.01). Death risk
in this group of patients was more than five times high-
er (OR = 5.2;95% CI: 1.8-14.7). We observed 30.4%
(7/23) of deaths in patients with diagnosed DCI and only
5.9% (11/187) in the group without neurological dete-
rioration.
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Table 6. List of significant mortality factors in univariate analysis and all facfors in multivariate analyses. P-value (p) was provided at the moment of removing it from

the regression model

Prognostic factor Univariate Multivariate Odds ratio Sequence of factor
analysis analysis (95% ClI) removal from

regression model

WENS scale 2 <0.01 » =088 1.1 (0.5-2.0) 1

Preoperative neurological symptoms 2 <0.01 p=0.76 1.2 (0.4-3.6) 2

Fisher scale 2 <0.01 2 =0.71 1.1 (0.6-2.3) 3

Trapping 2 <0.01 p =0.26 5.8 (0.3-120.1) 4

GCS scale 2 <0.01 p=0.18 1.1 (0.9-1.3) 5

Bypass 2 <0.01 2 =0.06 12.1 (0.9-162.4) 6

Hunt-Hess scale 2 <0.01 2 <0.01 2.3(1.7-3.2)

Delayed cerebral ischaemia 2 <0.01 p =0.03 3.1(1.1-9.0)

CI — confidence interval, GCS — Glasgow Coma Scale, WFNS — World Federation of Neurosurgeons Scale

A multivariate analysis of parameters that had a sig-
nificant influence on postoperative mortality in univari-
ate analyses, i.e. Hunt-Hess grading, GCS, WEFNS and
Fisher grading, surgical technique (trapping and bypass),
preoperative neurological status and DCI diagnosis, was
subsequently performed. It revealed two factors that in-
dependently and significantly influenced postoperative
mortality, i.e. clinical status of the patient on admission
assessed with the Hunt-Hess scale and DCI diagnosis
during hospitalization (Table 6). Multivariate analysis
proved that qualifying a patient who is higher by a sin-
gle grade in the Hunt-Hess scale for surgery increased
his chance of death more than two-fold (OR = 2.3;
95% CI: 1.7-3.2). Moreover, DCI increased the risk of
postoperative death three-fold. The percentage of patients
correctly classified in the multifactorial model reached
67.4%. Two risk factors (DCI and 4th or §th grade in
Hunt-Hess scale) were responsible for more than 90%
of the postoperative death risk (PAR = 91.1%; 95% CI:
78.9-103.1). Lack of DCI postoperatively along with
exclusion from the analysis of patients in a poor clinical
condition on admission (4t and 5t grade in Hunt-Hess
scale) reduced mortality after ICA aneurysm surgery
by 91.1%.

Multivariate analysis results allowed us to create a sim-
ple clinical scale that assigns one point for Hunt-Hess
grading higher than 3 (ROC threshold) and another one
for diagnosed DCI according to Salary’s model [12]. The
relationship between ROC curve and mortality was sig-
nificant (p < 0.01; AUC = 0.72; 95% CI: 0.67-0.77).

ROC curves were subsequently compared separate-
ly for each of the two dependent variables: Hunt-Hess
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Fig. 6. ROC curves for Hunt-Hess scale, delayed cerebral ischaemia (DCI)
and for logistic regression model. Values on the x and y axes represent
percentages

scale (AUC = 0.77;95% CI: 0.73-0.82) and DCI (AUC
= 0.57; 95% CI: 0.51-0.62) (Fig. 6). Larger arca
under the curve (AUC) for the Hunt-Hess scale when
compared to AUC for DCI proved that clinical status
evaluated with the Hunt-Hess scale was a dominant com-
ponent of our multifactorial model. This assumption was
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confirmed by a pair comparison of ROC curves for the
multifactorial model and Hunt-Hess scale that showed
no significant differences (p = 0.12) while ROC curves
for the model and DCI differed significantly
(p <0.01).

Size of the aneurysm

The giant aneurysm group did not differ significantly
from the smaller aneurysm group with regard to clini-
cal status on admission (Hunt-Hess grading, GCS,
WEFNS and percentage of neurological deficits) and the
extent of the haemorrhage (in Fisher scale) (»p > 0.05).

Six patients (16.7%, 6/36) with ruptured giant ICA
aneurysms died postoperatively. This result was com-
parable to the smaller aneurysm group that showed 14.6%
postoperative mortality. Statistical analysis showed no
increase of the risk of postoperative death for ruptured
glant aneurysms in comparison to the smaller ones
(p = 0.74). Giant aneurysms of the clinoid segment had
the highest mortality (37.5%). Nonetheless, no signifi-
cant differences in the percentage of deaths between in-
dividual localizations of giant and smaller ICA aneurysms
were found (Fig. 1).

We did not note a higher fraction of DCI during hos-
pitalization in the giant aneurysm group. For smaller and
giant ICA aneurysms it amounted to 9.2% (19/206) and
11.1% (4/36), respectively.

Discussion

Intracranial aneurysms constitute a heterogeneous
group with various outcomes; in diverse localizations dif-
ferent prognostic factors might affect mortality. The aim
of our study was to analyse a group of patients with rup-
tured aneurysms at the same location. Intracavernous,
multiple and blood blister-like aneurysms were exclud-
ed from the study. Ultimately, our cohort encompassed
a selected group of ICA aneurysms that caused SAH.

Analysis of group homogeneity revealed that patient’s
clinical status on admission and the amount of extravasated
blood did not differ for respective ICA aneurysm locali-
zations. Literature that analyses risk factors for morta-
lity after SAH lacks reports on aneurysms in the same
localization. Filling of basal cisterns with blood occurs
in ruptured aneurysms located proximally to the middle
cerebral artery is related to the highest proportion of pa-
tients with vasospasm [16,25,26]. It is open to question,
however, whether aneurysm localization and related ex-
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travasated blood distribution constitutes an independent
risk factor for a vasospasm [34-36]. Thus, we elected to
perform the analysis on a relatively numerous (7 = 242)
group of patients, not different with regard to the vaso-
spasm risk.

Postoperative mortality in our study amounted to
14.9% while in other large series it varied from 7.9% to
26.0% (ISAT [9] 7.9%; Juvela [38] 9.1%; Osawa [21]
12.9%; Kassell [13] 26%). Death percentage is largely
dependent on series characteristics; therefore a com-
parative analysis should be performed in subgroups.
A comparison with Osawa’s study [21] did not reveal
significantly higher mortality in our group. Surprising-
ly, comparative analysis with the ISAT study [9] for var-
ious WENS grades showed significantly lower morta-
lity in our series. Unfortunately, a combination of all
mortality related reports was not feasible due to the var-
ious dispositions of results.

Kassell [13,14] was the first to perform a thorough
analysis of mortality risk factors in patients treated for
SAH. He indicated consciousness level on admission, age,
extent of SAH, intraparenchymal and intracerebral
bleeding, vasospasm, general coexisting diseases and ar-
terial pressure on admission as factors that influence mor-
bidity. Next, Niskanen [17] in his analysis of more than
800 patients treated surgically after SAH indicated age,
Hunt-Hess grading and vasospasm as the most impor-
tant variables that affected mortality in his group. The sum-
mary of aforementioned analyses led to the creation of an
accepted neurosurgical doctrine that the triad of factors
age, clinical status on admission and vasospasm affects
mortality after surgery for ruptured intracranial aneurysms
[12,17]. Rosen [18] analysed the largest group of patients,
exceeding 3500. He proved that not only the above-men-
tioned triad of factors influenced mortality but so did
hypertension, arterial pressure on admission, aneurysm
location and size, the amount of extravasated blood and
angiographically confirmed vasospasm on admission.

Later, other authors found further variables that ap-
pear to influence mortality of patients after surgery for
ruptured intracranial aneurysms. They suggested that
cerebral metabolism disruption [37], hyperglycaemia and
obesity [38] and increased intracranial pressure [39]
might be related to poor outcomes after aneurysm sur-
gery. Next, Hoh [19] described endovascular aneurysm
treatment as an additional risk factor for postoperative
mortality. Salary [12] in his paper from 2007 weighted
the causes for discrepancies between the authors in their
ranges of prognostic factors. He methodologically
explained that whenever a multifactorial model might
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explain over 75% of the analysed cases, any innovative
new variable through its influence on previous variables
might only marginally increase the predictive power of
the model [12]. On top of that, in his analysis he con-
firmed the role of the aforesaid triad of prognostic fac-
tors — Hunt-Hess grading, age and vasospasm — as the
most significant in the analysis of deaths after surgery for
ruptured aneurysm.

With multivariate analysis, we managed to define two
significant and independent factors that influence the mor-
tality after surgery for ruptured ICA aneurysm. They
included clinical status on admission (in the Hunt-Hess
scale) and DCI diagnosis during hospitalization. Clin-
ical evaluation of the patients on admission might be
performed with Hunt-Hess, GCS and WENS scales.
Oshiro [40] compared the predictive value of those scales
and drew the conclusion that they do not differ in the eval-
uation of outcome. In our cohort, death risk for patients
admitted in the 4th or 5th grade in the Hunt-Hess scale
was almost six times higher when compared to the pa-
tients with lower grading. Logistic regression revealed
a risk of death over two times higher after a change by
a single grade in the Hunt-Hess scale. ROC curves analy-
sis pointed out that Hunt-Hess grading constituted
a dominant component of our factorial model of mortality.
Despite the fact that clinical status on admission strong-
ly correlated with the amount of the extravasated blood
judged by the Fisher scale, hierarchical multivariate analy-
sis might discard this scale because of the weight of the
Hunt-Hess scale [41]. Several modifications of Fisher
and Hunt-Hess scales that show better correlation with
DCI occurrence during hospitalization were developed
[16,26,35,40]. While conclusions for Hunt-Hess grad-
ing are indisputable, those drawn for DCI as a clinical
manifestation of vasospasm are doubtful. Delayed cere-
bral ischaemia was diagnosed in patients who deteriorat-
ed postoperatively when seizures, recurrent SAH and
hydrocephalus were ruled out. In our report, DCI was
defined as a clinical manifestation of vasospasm; thus we
accepted criteria similar to Claassen’s study [16]. The
drawback of the aforementioned study, however, was
the lack of routine cerebral angiography (AGF) or cere-
bral blood flow assessment with transcranial Doppler per-
formed in order to confirm the presence of vasospasm in
patients who deteriorated neurologically. Claassen stress-
es that AGF and transcranial Doppler are additional
examinations that are not essential for DCI confirmation
[16]. Our data strongly support the notion that DCI
closely correlated with increased numbers of postopera-
tive deaths in univariate as well as multivariate analysis.
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Over 30% of patients with diagnosis of DCI subsequently
died. Death risk in patients with DCI was over five times
higher in univariate and almost three times higher in mul-
tivariate analysis. Others [3,4,7,9,12-15,18-21,26,41]
showed that aside from the clinical status on admission
and vasospasm, age of patients was a significant factor
that influenced postoperative mortality. In our study, sim-
ilar to Juvela [38], we were unable to prove such a re-
lationship in multivariate analysis. Moreover, mean age
of patients who died and who survived averaged 52 years.
Coexisting general illnesses did not influence post-
operative mortality. It is worth mentioning, however, that
Rosen and Kassell [13,14,18] listed coexisting illnesses
among significant factors that influence postoperative mor-
tality. Both reports describe a sizable population of over
3500 patients; therefore results of those analyses should
be considered as the most reliable ones. On the other hand,
cited authors [13,14,18] in their final conclusions do not
list the size of the aneurysm as a mortality risk factor.
Still, a number of authors believe otherwise [2,3,5,6,9,18,
20-24], identifying giant aneurysms as a mortality risk fac-
tor. It seems unlikely that larger volumes of extravasat-
ed blood might play a significant role. Some indicate
[4,23,24] that giant aneurysm rupture results in higher
amounts of extravasated blood, while others [20,42,43]
find in contrast that rupture of smaller aneurysms (main-
ly the posterior communicating artery) leads to more ex-
tensive SAH. This leads to the conclusion that higher mor-
tality in this group of aneurysms relates to surgical
complications rather than SAH intensity. Giant aneurysm
surgery is among the most difficult in neurosurgery
[2-4]. Cohort studies proved that significantly lower post-
operative mortalities in neurovascular surgery might re-
late to surgeon volume [44] as well as to hospital volume
[44-46]. Our data did not show any significant differences
in death percentages between various aneurysm localiza-
tions. Nonetheless, in the giant ICA aneurysm group the
highest mortality was found in the subpopulation with cli-
noid aneurysm localization. Mortality did not differ with
various surgical techniques. Four out of six patients after
ICA trapping with or without bypass died. This subgroup
was too small, however, to draw any conclusions.
Ruptured ICA aneurysms that result in SAH con-
stitute a heterogeneous group of vascular pathologies,
where each case may necessitate an individualized approach
and might have a different clinical course. Nevertheless,
outcomes of patients with various aneurysms in this lo-
cation are similar and depend on clinical status on ad-
mission and the presence of vasospasm. Disqualification
of patients in the 4th and 5t grade of the Hunt-Hess scale
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from surgery along with availability of efficient methods
of prevention of vasospasm-related DCI would result in
mortality reduction by over 90% (PAR = 91.1%). Pro-
vided that disqualification of patients in poor clinical sta-
tus on admission remains an alterable risk factor for sur-
gically treated ruptured aneurysm, no efficient methods
of DCI treatment exist so far. The present study is based
on data collected from a sole neurosurgical centre; ac-
cordingly, it only constitutes a supplement for other, mul-
ticentre analyses. Lack of correlation between mortality
and age of patients, size of an aneurysm, surgical method
or other variables for the selected group of aneurysms
constitutes a considerable limitation of clinical value of
the foregoing study. Wide confidence intervals for OR
for critical variables, and absence of influence of surgi-
cal method, surgeon experience and postoperative com-
plications on overall mortality may reflect low statistical
power of the featured analysis, due to the small size of the
group in comparison to the opinion-forming studies of
Kassell and Rosen [13,14,18]. Still, analysis of the pre-
sent group confirmed a vast demand for further studies
on novel therapeutic modalities in the treatment of post-
haemorrhagic cerebral vasospasm.

Conclusions

1. The percentage of deaths after surgery for ruptured
ICA aneurysm was comparable with other series.

2. Quantitative analysis of mortality should always take
into account the whole characteristics of the examined
group.

3. Patients’ mortality is conditioned by their clinical sta-
tus on admission (according to the Hunt-Hess scale)
as well as by the occurrence of clinical signs of vaso-
spasm during hospitalization.

4. Consciousness status (GCS, WENS) and the extent
of SAH on admission (Fisher scale), preoperative neu-
rological status, side, size, segment and localization of
ICA aneurysms, operative method, year of surgery,
surgeon and his/her experience, age of patients, sex,
education, domicile, and coexisting illnesses might not
determine higher postoperative risk in the selected
group of patients with ICA aneurysms.
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