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Abstract Objective: To collect
information on clinical practice and
current management strategies in 22
Italian neurosurgical hospitals for pa-
tients with aneurysmal subarachnoid
hemorrhage. Design and setting:
Observational 6-month study for
prospective data collection. Patients:
350 cases of aneurysmal subarach-
noid hemorrhage. Measurements
and results: Each center enrolled
from 4–36 patients. Neurological
deterioration (24%) was more fre-
quent in patients with higher Fisher
classification, and with pretreatment
rebleeding and it was associated with
an unfavorable outcome (46%, 36/78,
vs. 33%, 83/251). Aneurysms were
mainly secured by clipping (55%,
191/350). An endovascular approach
was utilized in 35% (121/350). The
more frequent medical complications
were fever, recorded in one-half of
cases, pneumonia (18%), sodium dis-
turbances (hyponatremia 22%, hyper-
natremia 17%), cardiopulmonary
events as neurogenic pulmonary
edema (4%) and myocardial ischemia
(5%). Intracranial hypertension was

experienced in one-third of the pa-
tients, followed by hydrocephalus
(29%) and vasospasm (30%). Cere-
bral ischemia was found in an about
one-quarter of the cohort. To iden-
tify the independent predictors of
outcome we developed a model in
which the dichotomized Glasgow
Outcome Scale was tested as func-
tion of extracranial and intracranial
complications. Only high intracra-
nial pressure and deterioration in
neurological status were independ-
ent factors related to unfavorable
outcome. Conclusions: Our data
confirm that in every step of care
there is extreme heterogeneity among
centers. These patients are complex,
with comorbidities, immediate risk
of rebleeding, and delayed risk of
intracranial and medical complica-
tions. Following SAH early treatment
and careful intensive care manage-
ment requires the careful coordination
of the various clinical specialties.

Keywords Aneurysm · Clipping ·
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Introduction

Subarachnoid hemorrhage (SAH) is a frequent neuro-
surgical emergency caused by the extravasation of
blood in the subarachnoid space [1]. The leading
cause of nontraumatic SAH is intracranial aneurysm
rupture accounting for more than 80% of present-
ing cases. This has a worldwide incidence of about

10.5/100,000 per year, with substantial racial differ-
ences [2]. During 2003 in Italy, with a population of
56.3 million, 5,178 patients were discharged from hospi-
tal (http://www.ministerosalute.it/programmazione/sdo/
ric_informazioni/sceltadia.jsp; accessed 6 January 2007)
with a diagnosis of aneurysmal SAH (aSAH), indicating
a national incidence of 9.1 hospitalized cases per 100,000
per year. Data on mortality and morbidity of aSAH in Italy
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are not available. In recent decades the management of
aSAH has become increasingly multidisciplinary, involv-
ing a team composed of neurosurgeons, neuroradiologists,
anesthesiologists, and intensivists. After initial stabiliza-
tion, aimed at restoring respiratory and cardiovascular
function, the main treatment goals are the prevention and
treatment of rebleeding, hydrocephalus and vasospasm,
and the management of medical and neurological compli-
cations. For each of these aims different approaches are
available, but there is no evidence to suggest an optimal
regime [3, 4].

The aim of this study was to prospectively survey clin-
ical practice and management strategies in 22 neurosurgi-
cal Italian hospitals for patients with aneurysmal aSAH.
Our hypothesis was that management approaches to SAH
are extremely variable and habitually due to local poli-
cies rather than to evidence based criteria. Preliminary data
were presented at the 2005 ESICM Congress and have
been published as abstract [5].

Methods

Patient recruitment started on 1 September 2004 in 22
Italian neurosurgical centers which had previously partici-
pated in a data exchange network [6]. The collaborating
centers are listed in the acknowledgement section. All 350
patients were included who were admitted to participating
hospitals with a diagnosis of aSAH regardless of Hunt and
Hess (HH) grade [7] and of age (mean age 57 ± 14 years;
61% women). Cases in which the SAH was not related
to the presence of a documented ruptured aneurysm and
cases due to other vascular pathologies were excluded.
Each center enrolled between 4 and 36 patients. Centers
were ranked according to the number of enrolled patients;
there were six low-volume centers (0–10 patients, total
40 cases), nine medium-volume centers (11–20 patients,
total 131 cases), and seven high-volume centers (> 20
patients, total 179 cases). Admission to the neurosurgical
hospital was direct in 127 patients (37%) while in 223
cases (63%) patients were referred from other hospitals
without neurosurgical coverage; referrals were more
common in high-volume than medium or low-volume
centers. Patients were admitted to neurointensive care
units (47%), neurosurgical ward (48%), or other units
(5%); median HH grade of those admitted to neurointen-
sive care was 3 and that of the remaining patients was
2. A higher percentage of patients were admitted to the
ICU in low-medium volume centers than in high volume
centers. Enrollment lasted 6 months, and the study was
completed with a 6-month follow-up on September 2005.

The following information was obtained in all patients
and entered into a computerized database: (a) demographic
data; (b) HH grade [7], World Federation of Neurosur-
gical Surgeons scale (WFNS) [8], Fisher scale [9], and
aneurysm anatomy; (c) systemic and cerebral monitoring

information; (d) systemic and cerebral complications,
including intracranial hypertension (defined as intracranial
pressure, ICP, > 20 mmHg), hydrocephalus, cerebral
ischemia, and swelling (all these three identified by com-
puted tomography, CT), pretreatment rebleeding (clinical
and CT) and seizures (deterioration in neurological status
was defined as a two-point reduction Glasgow Coma
Scale, GCS, or new focal deficits; (e) treatment, i.e., endo-
vascular coiling or neurosurgical clipping, timing, and
complications; and (f) discharge and outcome information.
To detect early deterioration the HH and WFNS severity
scales were recorded twice: upon hospital admission and
the worst evaluation before definitive aneurysm treatment.
Analysis of changes in neurological evaluation allowed
us to characterize pretreatment deterioration, discussed
below.

Vasospasm was diagnosed in the presence of clinical
deterioration, appearance of new symptoms (cephalalgia,
confusion, seizure, or motor deficit), transcranial Doppler
mean cerebral blood flow velocities above 120 cm/s (or
a daily change in mean transcranial Doppler velocities
of > 50 cm/s), or angiographic arterial narrowing [10].
EsaNET software developed by one of the authors (G.C.)
was released free to all the participating centers in April
2004 as a run-time version (File Maker Pro SDK, Claris
Solution Alliance, Santa Clara, Calif., USA); this works
on Windows-based computers. The database captures
32 information items. A brief help manual containing
definitions and indications for every field was incorpor-
ated in the software and printed as a booklet. A 24-h
information hotline based at the coordinating center at the
Monza Neurointensive Care Unit was available during
the data collection period. Incoming data were carefully
reviewed during and after the study period. After a first
review, queries were submitted to the centers to clarify
information, to overcome inconsistencies, and to obtain
missing data. All patient outcomes were collected at
discharge and 6 months after aSAH using the Glasgow
Outcome Scale (GOS) [11].

All summary data are expressed as mean ± standard
deviation or as median when they were not normally
distributed. Mean values were compared by analysis
of variance (ANOVA). Differences in proportions were
evaluated by the χ2 test. Differences at the level of
p < 0.05 were considered statistically significant. The
principal endpoint was the dichotomized GOS, with good
recovery and moderate disability (GOS 4, 5) classified as
favorable outcome and severe disability, vegetative and
death (GOS 1–3) classified as unfavorable. Univariate
statistical analysis was carried out to identify factors
associated with outcome. A logistic regression model
was chosen given the dichotomous dependent variables
(outcome). All independent variables with p < 0.05 from
the univariate analysis were entered into the multivariable
model using a guided backward stepwise variable selec-
tion procedure. Odds ratios and confidence intervals were
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obtained for each statistically significant association. All
statistical analyses were carried out using the statistical
package Datadesk 6 (Data Description) and Statview
(SAS Institute).

Results

Diagnosis and aneurysm location

Diagnosis of SAH was made by CT in 98.5% of cases
(345/350). Diagnosis of aneurismal rupture was made by
cerebral angiography in 71% (236/350) and by CT angiog-
raphy in 24.3% (81/350). On admission CT 12 patients
(3%) were Fisher scale grade 1 (normal scan), 80 (23%)
were grade 2 (diffuse deposition of subarachnoid blood,
no clots, and no layers of blood greater than 1 mm), 105
(32%) were grade 3 (localized clots and/or vertical layers
of blood 1 mm or greater in thickness), and 145 (42%)
were grade 4 (diffuse or no subarachnoid blood, but intra-
cerebral or intraventricular clots). Aneurysms were lo-
cated on the anterior communicating artery (n = 128,
37%), middle cerebral (n = 81, 23%), and internal carotid
arteries (n = 52, 15%). Posterior circulation aneurysms
were present in fewer than 10% (vertebral/basilar 2%,
posterior inferior cerebellar artery 3%, and posterior
communicating artery 2%). In 280 patients (83%) the
aneurysm was single and in 57 (17%) multiple.

Neurological deterioration

Before treatment the majority of the patients remained
neurologically stable (76.4%). A 1-point increase in HH

Table 1 Clinical severity as assessed using the Hunt and Hess [7]
World Federation of Neurosurgical Surgeons (WFNS) [8] classifi-
cations; to detect early deterioration the data were recorded twice,
upon hospital admission and the worst evaluation before definitive
aneurysm treatment (NA Not available)

Admission Worst before treatment
n % n %

Hunt-Hess
I 91 26 61 18
II 87 25 81 23
III 81 23 79 22
IV 43 12 54 15
V 47 13 73 21
NA 1 1 2 1
Total 350 100 350 100

WFNS
1 106 30 72 21
2 71 20 71 20
3 45 14 43 12
4 54 15 60 17
5 56 16 85 24
NA 18 5 19 5
Total 350 100 350 100

scale was observed in 51 patients (14.7%), a 2-point
increase in 20 (5.7%), and a 3 point or greater increase in
11 (3.2%; Table 1). No differences in gender, age, aneuris-
mal location, referral status, admission unit, or blood
pressure on admission were detected between patients
who deteriorated and those who did not. Deterioration
was more frequent in patients with higher Fisher grade:
12% (11/92) with grade 1 or 2 deteriorated vs. 28%
with higher grade (71/253, χ2 p = 0.0019). Neurological
deterioration was significantly more common in patients
with aneurismal rebleeding (58.6%, 17/29) than in those
without rebleeding (20%, 65/320, χ2 p < 0.0001). Patients
with deterioration had a poorer outcome than those with
no neurological deterioration (unfavorable outcome was
46%, 36/78, vs. 33%, 83/251, χ2 p 0.035).

Rebleeding

Aneurysm rebleeding occurred before treatment in 29
cases (8%). This complication was present in 22 (6.8%) of
treated patients (322), with no difference either between
early surgery and late surgery or between surgical and
endovascular patients. Rebleeding was more frequent
in untreated (7/29, 24%) than treated patients (22/321,
7%, p < 0.001). Unfavorable outcomes were significantly
more frequent in patients who rebled than in those who
did not (57% vs. 34%, p < 0.001).

Repair of aneurysm

Aneurysms were treated with surgical clipping in 191
patients (54%), an endovascular approach in 121 (54%),
and a combined endovascular and surgical approach
in 9 (2%). These cases are classified as surgical in the
following discussion. Twenty-nine patients (8%) with
a median HH score of 5 received neither surgical nor
endovascular therapy.

Treatments modalities differed significantly by center
(p < 0.0001, χ2). Surgery was used in more than 90% of
cases in three, in more than 60% in ten, and in fewer than
60% in nine. Four centers limited coiling to less than 30%
of the cohort. In five centers (three high-volume and two
medium-volume centers) more than 60% of the patients re-
ceived coiling. However, there was no statistical difference
in the rates of surgical therapy between low-volume (65%
of cases surgically treated, 26/40), medium-volume (58%
of cases surgically treated, 76/131), and high-volume cen-
ters (54% of cases surgically treated, 98/179). Endovascu-
lar coiling was used in 37% of high-volume centers, 33%
of medium-volume, and 25% of low-volume centers; in
five centers it was never used (one low-volume and four
medium-volume centers).

Treatment was initiated within the first 24 h after symp-
tom onset in 45% of patients (n = 159) in during the 24
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to 72-h period in 28% (n = 93). There was no difference
in timing of treatment between surgical and endovascular
groups. Treatment was delayed (> 72 h) in 60 patients. No
association between timing of treatment and outcome was
evident (ANOVA).

Patients who underwent surgery were younger than
those treated endovascularly (55 ± 12- vs. 59 ± 15 years;
p ≤ 0.0001, ANOVA) and and had higher Fisher grades
(3–4, 78% vs. 64%; p ≤ 0.005, ANOVA). Patients with
higher HH grades received surgical therapy more often
even, but this difference was not statistically significant
(grades I–III, 58% surgery vs. 39% endovascular, no treat-
ment 3%; IV or V, 56% surgery vs. 26% endovascular, no
treatment 18%; ≤ 0.0001, χ2). Surgery was more frequent
in patients with aneurysms located in the middle cerebral
(90% surgically), posterior communicating (65%), and
anterior communicating artery (58%) (p ≤ 0.0001, χ2); it
was less common for aneurysms located cerebral anterior
(47%), carotid (41%), cerebral posterior artery (40%),
posterior inferior cerebellar artery (27%), and basilar
artery (0%). Reasons for treatment selection were mainly
anatomical (aneurysm morphology 66%, location 61%,
and neck conformation 28%); availability of trained
personnel, either surgical or endovascular, was the reason
25% and lack of neuroradiologist in 7%. Only 1% of
patients expressed a preference for a specific treatment.

Extracranial and intracranial complications

Intra- and extracranial complications during the hospital
stay and their association with outcome are summarized in
Table 2. Intracranial complications included intracranial
hypertension, experienced by one-third of patients, hydro-
cephalus (29%), and vasospasm [12] (29%), cerebral
ischemia and neurological deterioration, i.e., a GCS
reduction of 2 points and/or the appearance of new focal
deficits, were described in one-quarter of the cohort.

n % Favorable outcome (%) p
With Without
complication complication

Fever 174 50 56 70 0.0073
Intracranial hypertension 121 34 33 74 0.0001
Vasospasm 108 30 60 64 n.s.
Hydrocephalus 102 29 52 68 0.007
Cerebral ischemia 92 26 40 65 0.02
Neurological deterioration 85 24 41 71 0.0001
Hyponatremia 79 23 56 65 n.s.
Cerebral swelling 67 19 43 68 < 0.0001
Pneumonia 66 19 48 67 0.004
Hypernatremia 62 18 40 69 < 0.0001
Intraprocedural rebleeding 35 10 51 64 n.s.
Pretreatment rebleeding 29 8 42 65 0.01
Seizures 26 7 40 65 0.01
Myocardial ischemia 20 6 40 65 0.02
Neurogenic pulmonary edema 14 4 50 64 n.s.

Table 2 Incidence of intracranial
and extracranial complications
during the hospital stay and their
association with outcome

The most frequent medical complications were fever,
recorded in one-half of cases, pneumonia (18%), sodium
disturbances (hyponatremia 22%, hypernatremia 17%),
neurogenic pulmonary edema (NPE, 4%) and myocardial
ischemia (5%). As shown in Table 2, there was an associ-
ation between systemic insults (fever, pneumonia, hyper-
natremia, and myocardial ischemia) and outcome. More-
over, cerebral insults (intracranial hypertension, hydro-
cephalus, cerebral ischemia and swelling, pretreatment
rebleeding, and seizures) are associated with an increased
incidence of unfavorable outcome.

ICP was monitored in 57.3% of the 350 patients,
with intraventricular catheters in 45%, followed by intra-
parenchimal probes (7%) and subdural devices (11%, 3%).
Lumbar drainage was inserted in 19 patients (5%). High
ICP (> 20 mmHg lasting more than 5 min) was recorded
in 121 patients, with a higher incidence seen in more se-
vere patients (proportion of monitored patients presenting
high ICP, ranked by HH grade: I, 13.1%; II, 17.3%; III,
29.1%; IV, 50%; V, 65.8%; p ≤ 0.0001, χ2). High ICP
was treated with CSF removal (n = 82, 67%), sedation
(n = 89, 73%), mannitol (n = 84, 69%), hyperventilation
(n = 48, 39%), increasing cerebral perfusion pressure
(n = 44, 36%), decompressive craniectomy (n = 26, 21%),
hypertonic saline (n = 27, 22%) and barbiturates (n = 24,
19%). Intracranial hypertension was a univariate and mul-
tivariate predictor of unfavorable outcomes. Vasospasm
was present in 108 patients (30%), with no significant
difference between surgical and endovascular patients
(30% vs. 28%). The incidence of vasospasm was increased
in patients with higher HH grade but without reaching
statistical significance (I, 27.1%; II, 28.7%; III, 27.8%; IV,
38%; V, 34.7%).

Vasospasm was treated with hypertension, hemodi-
lution, and hypervolemia (triple-H therapy) [13] in 94
patients (87%) and less frequently with endovascular
treatment (pharmacological 11%, n = 12; mechanical,
0.9%, n = 1). The presence of vasospasm was not a pre-
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Table 3 Independent risk factors for negative outcome (multivari-
ate): likelihood < 0.0001, model fit 75% (HH Hunt-Hessgrade, OR
odds ratio, CI confidence interval)

p OR 95% CI

Worst HH < 0.0001 2 1.6–2.5
Age > 60 years 0.001 3 1.7–5.3
Seizures 0.004 4.2 1.6–11
High ICP 0.025 2.5 1.4–4.4

dictor of unfavorable outcome; however, patients with
vasospasm had a trend to longer hospital stay (28 ± 18 vs.
23 ± 29 days).

Outcome

The GOS was determined at 6 months in 333 of the 350
patients (9.5% lost to follow-up). Outcome was good
in 50% (n = 166), moderate disability in 14% (n = 47),
and severe disability in 9% (n = 30); 3% were vegetative
(n = 10) and 24% dead (n = 80). The location of the
aneurysms did not affect outcome or the incidence of
complications. Surgical patients had a favorable outcome
in 66.7% of cases (n = 120) vs. 72.3% of those with
endovascular treatment (n = 81; ns). A simple regression
model tested the relationship between GOS and more
than 20 variables, both intracranial (HH, WFNS, Fisher,
rebleeding, neuroworsening, hydrocephalus, high ICP,
vasospasm, seizures) and extracranial (NPE, myocardial
ischemia, hypo-/hypernatremia, fever, pneumonia). In
a logistic regression model (Table 3) only elevated ICP,
neurological deterioration, HH grade, age over 60 years,
and seizures were independent predictors of unfavorable
outcome. We believe that multivariate analysis, such
as the model that we used, better captures the weight
of specific features on the final outcome than repeated
univariate analyses. Based on the model shown in Table 3
the odds ratio for unfavorable outcome due to the worst
HH recorded is 2. There was no statistical difference
in outcome between cases treated by surgery and those
treated by coils. We also observed no difference in
outcome between high-volume and low-volume centers.

Discussion

The aim of this study was to investigate the current treat-
ment of SAH patients in a number of Italian centers. It
was our hypothesis that approaches to SAH could be ex-
tremely variable and habitually due to local policies rather
than to evidence based criteria. The data presented support
this hypothesis. In contrast to another recently published
paper [14] in which the treating team were asked to pro-
vide opinions and information, this research is based on

the analysis of clinical cases: 350 patients were enrolled
during 6 months in 22 neurosurgical hospitals. Although
this number seems remarkable, it should be emphasized
that the centers participating in the study, located mainly
in the northern part of our country, have a special interest
in clinical research and are probably not representative of
aSAH management practices nationwide.

Referral system and case load

In our country there are 116 neurosurgical units, i.e., one
for fewer than 500,000 inhabitants. The number of aSAH
patients treated annually in the studied centers varied
between 8 and 72. In the centers with higher case-load
a maximum of 40 endovascular or of 46 surgically treated
aSAH patients per year were recorded. At the other
extreme there were centers treating fewer than 10 cases
per year. It appears difficult, at least in the low-volume
centers, to maintain an adequate level of expertise in all
the involved specialties, to train new physicians, to offer
all the possible therapeutic opportunities (endovascular
and/or surgery) and to be cost effective. In aSAH, as
in other surgical conditions, a strong relationship has
been demonstrated between case-load and outcome,
with high-volume centers achieving significantly better
results [15–17]. Our data do not confirm these concepts,
since we did not observe outcome differences between
high- and low-volume centers. For this analysis, however,
our sample is clearly underpowered.

More than 50% of patients were referred from primary
treatment centers generally without neurosurgical cover-
age to treatment centers with variable case-loads. There
are no specific rules for transferring aSAH patients to des-
ignated centers, and this is reflected in our results. Inter-
estingly, all medical and surgical emergencies in our coun-
try are managed through a centralized call system which
collects calls, dispatches ambulances and helicopters and
supervises hospital admission. The system covers a great
part of the country but is restricted by the shortage of beds,
operating room availability for emergencies, etc. Our data
suggest a need to rationalize the triage of neurosurgical
emergencies such as aSAH to designated tertiary referral
centers with higher case-loads and trained specialists.

Deterioration in aSAH

Using the HH score on admission as a baseline and com-
paring it with the worst score assessed before treatment
detected neurological deterioration in about one-quarter
of the population. This deterioration was significantly
correlated with an aneurysmal rebleeding and with higher
Fisher grade. The link between neurological deterioration,
rebleeding, and poor outcomes following aSAH reinforces
the need for early aneurysmal repair. Neurological deteri-
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oration can also be due to hydrocephalus, vasospasm, and
seizures, complications whose prevention and treatment
mandate intensive and rigorous monitoring protocols as
all may be favorably affected by appropriate medical
intervention.

Complications

As documented in other series [18–23], medical and
intracranial complications are frequent and have a sig-
nificant association with negative outcome. We recorded
a number of systemic complications including dramatic
physiological alterations such as NPE and raised ICP and
also disturbances of sodium balance, with hypo- or hyper-
natremia recorded in a total of 32% of cases, highlighting
the importance of careful medical care of these patients.
Fever per se can adversely affect ICP and exacerbate
cerebral ischemia [24, 25] and is felt to be an independ-
ent contributor to worse outcome following aSAH [26].
Our data confirm fever as a frequent complication.
Preexisting medical diseases such as cardiorespiratory
insufficiency, diabetes, and arterial hypertension are
frequent in the aSAH population and may decompensate
following aneurismal rupture [27].

Aneurysm repair

Surgical clipping was the most frequent strategy for
aneurysm securing, but different strategies are pursued in
each center. In some centers surgery was uncommon while
in others centers almost all the patients were operated
on, often reflecting the nonavailability of endovascular
specialists. No statistically significant association be-
tween increased propensity for surgery and case-load
was detected. Two recent randomized controlled trials
and a Cochrane collaboration systematic review [28]
demonstrated that endovascular coiling is associated with
a better outcomes for patients with ruptured aneurysms of
either the anterior or posterior circulation who present in
good clinical condition and are suitable for both surgical
and endovascular treatment [29, 30]. We observed no sig-
nificant difference in outcome between surgical and endo-
vascular patients, but this dataset is not sufficiently large
for such an analysis, and furthermore any comparison in
unselected, nonrandomized patients without adjustment
for severity would be inappropriate.

In this series a significant proportion of patients had
ICP and/or CSF catheters, a higher proportion than previ-
ously reported in a national survey [31], probably reflect-
ing a selection bias towards more specialized neurosurgical
centers, many of which have adopted an aggressive thera-
peutic approach with respect to intracranial hypertension

including the administration of barbiturates and decom-
pressive craniectomy. Finally, this study shows that it is
feasible to collect a large amount of data through an organ-
ization with strong commitment but limited resources. The
study was inexpensive, as centers were offered no funding,
and its success depended upon the commitment of the par-
ticipants. Nevertheless the data returned were generally of
high quality with regard to completeness of information.
More than 90% of potential observations were completed,
and data checking revealed few recordings outside speci-
fied ranges or showing obvious inconsistencies requiring
referral back to the investigator for clarification.

Limitations of the study

The selection of the centers, although this may have only
a minor effect on the incidence of complications, could in-
fluence the results on quantitative and qualitative outcome.
Moreover, a confirmation of the accuracy of the data by
comparison with original case records was not possible, as
this process is extremely time and labor intensive.

Conclusions
Our data confirm that in every step of care, from transport
to ICP monitoring, there is extreme heterogeneity among
centers. Subarachnoid hemorrhage remains a great chal-
lenge for the treating team. The patients to be treated are
complex, with comorbidities, immediate risk of rebleed-
ing, and delayed risk of intracranial and medical complica-
tions. SAH requires the combination of various specialties
who must coordinate their efforts for early treatment and
careful intensive care in the following weeks.
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