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Does the subspecialty of an intensive care unit (ICU) has an impact
on outcome in patients suffering from aneurysmal
subarachnoid hemorrhage?
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Abstract
We retrospectively compared the outcome of aneurysmal subarachnoid hemorrhage (aSAH) patients treated in a neurosurgical ICU
(nICU) between 1990 and 2005 with that of patients treated in a general ICU (gICU) between 2005 and 2013 with almost identical
treatment strategies. Among other parameters, we registered the initial Hunt and Hess grade, Fisher score, the incidence of vaso-
spasm, and outcome. A multivariate analysis (logistic regression model) was performed to adjust for different variables. In total, 755
patients were included in this study with 456 patients assigned to the nICU and 299 patients to the gICU. Multivariate logistic
regression analysis revealed no significant difference between the patient outcome treated in a nICU versus gICU after adjusting for
different variables. The outcome of patients after aSAH is not influenced by the type of ICU (gICU versus nICU). The data do not
allow claiming that aSAH patients need to be treated in a specialized ICU for obtaining better results. Parameters which might differ
from hospital to hospital, especially warranty of neurosurgical expertise on gICU, have the potential to influence the results.
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a common
and often devastating intracranial bleeding with population-
based mortality rates as high as 45% and significant morbidity
among survivors [2]. After successful surgical or endovascular
treatment of the ruptured aneurysm, the patients’ outcome is
threatened by arterial vasospasm, delayed ischemic

neurological deficits (DIND), and cerebral infarction, requiring
early detection and instant medical and sometimes surgical or
endovascular treatment. In patients with high-grade aSAH,
monitoring and treatment of brain edema and metabolic
disbalances might be in the focus as well. Thus, aSAH patients
have to be treated within an intensive care unit (ICU) during
this risky period. Guidelines for the management of aSAH
recommend an early referral to high-volume centers, but even
these guidelines do not specify the type of ICU (neurosurgical
ICU [nICU] versus general ICU [gICU]) where patients suf-
fering from SAH should be transferred to.

As not yet performed, it was the aim of this study to eval-
uate the impact of a gICU versus a nICU on the patients’
outcome after aSAH at two different university hospitals with
almost identical treatment strategies.

Methods

Patient population

We retrospectively compared two databases including patients
suffering from aSAH admitted to two primary care university
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hospitals. The first database includes patients identified retro-
spectively between 1990 and 2004 admitted to the nICU at a
high-volume university center. The second database includes
aSAH patients admitted to the gICU at a high-volume univer-
sity center between 2005 and 2013. The general treatment
strategies in both institutions did not significantly differ, since
the strategy has been transferred by the senior author from the
first to the second center. The same strategy was followed in
both institutions concerning the treatment in the acute phase,
the aneurysm treatment, and the treatment of early and de-
layed complications in patients with aSAH.

Exclusion criteria were insufficient data for analysis, pa-
tients with traumatic subarachnoid hemorrhage, patients with
arterio-venous malformation-related aneurysms, and an age <
18 years.

Baseline characteristics of the patients such as age, sex,
aneurysm location, number of aneurysms, and aneurysm treat-
ment modality were documented. Initial clinical presentation
was documented according to the Hunt and Hess grading sys-
tem (Hunt and Hess) [5]. Additionally, the initial Glasgow
Coma Scale (GCS) [8] was recorded. Initial GCS score was
divided into the following groups for statistical analysis: 3–6,
7–12, and 13–15.

Type of ICU

The nICU is part of the department of neurosurgery. Primary
care is being provided by neurosurgeons with anesthesiolo-
gists serving as consultants. An experienced neurosurgeon is
on duty during daytime, supported by rotating residents.
Night-time coverage is provided by the neurosurgeon on call.
A neurosurgical staff member makes rounds twice a day, ac-
companied by the attending neurosurgeon in the afternoon.
The physician:patient ratio is 1:7, the nurse:patient ratio varied
in the study period between 1:3 and 1:2.5. Due to a shift
system, the night-time coverage was the same as during
daytime.

The gICU is part of the department of anesthesiology.
Primary care is being provided by general intensivists. An
experienced neurosurgeon serves as a consultant and performs
rounds at the gICU twice a day. Neurosurgical residents in the
first to second year are part of the interdisciplinary ICU team.
The neurosurgical resident on duty and the attending neuro-
surgeon on duty participate in the rounds at least once a day.
The physician:patient ratio is 1:8 and the nurse:patient ratio is
1:2. Due to a shift system, the night-time coverage was the
same as during daytime.

Outcome parameters

Outcome parameters were incidence of vasospasm, DIND,
ischemic lesions, and clinical outcome.

Transcranial Doppler sonography (TCD) was carried out
routinely on a daily basis between day 1 and day 14 after the
initial bleeding. The mean blood flow velocities (BFVs) of the
middle cerebral artery were measured by a 2-MHz Doppler
ultrasound probe using a transtemporal approach as described
byAaslid et al. [1]. The TCDmeasurements were performed by
a neurosurgical resident at the nICU and controlled by a board-
certified neurosurgeon in cases of inconclusive data and/or
BFV possibly requiring a management change. At the gICU,
TCDmeasurements were done by either a general intensivist or
a resident and were reported to the neurosurgical consultant for
quality control and management planning. An increase of mean
BFVover 120 cm/s was defined as TCD vasospasm [1, 6, 22].

The BFV in the cervical carotid artery for calculation of the
Lindegaard index was only measured sporadically, if
hyperaemia was strongly suspected.

The diagnosis of symptomatic vasospasm was made when
new focal or global neurological deficits occurred that were
not explained by other complications such as hydrocephalus,
rebleeding, infection, metabolic abnormalities, surgical, or
endovascular-associated complications as described before
[22]. Delayed infarction was defined as new diagnosed infarc-
tion on the CT scan after exclusion of treatment-associated
infarction.

The Glasgow Outcome Scale (GOS) score was used to
describe the clinical condition by the time of discharge as well
as approximately 6 months after the initial bleeding [7]. GOS
1 was assigned for patients who died and GOS 5 for patients
with good recovery, GOS 2 for vegetative state, GOS 3 for
severe disability, and GOS 4 for moderate disability [7].

Measurements of functional neurological recovery, like the
modified Rankin score, were not made.

Imaging

Diagnosis of SAH was made by cerebral computerized to-
mography (CT). The amount of blood seen on the initial CT
scan was classified according to the Fisher grading system [4].
Patients received either CT angiography or four-vessel digital
subtraction angiography (DSA) before surgery or neuroradio-
logical intervention (coiling). Preoperative MRI was not rou-
tinely performed. All patients underwent early post-operative
CT scan (4 hours after surgery) and repeated CT scan in an
event of neurological decline. This strategy was followed in
both institutions. CT perfusion imaging became available in
2012 and, therefore, was not used in all patients treated on the
nICU and in a minority of patients treated on the gICU.

Treatment

Irrespective of the type, the patients stayed on the ICU at least
for 14 days after the initial rupture of the aneurysm. The aneu-
rysm treatment was performed within the first 72 h after the
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bleeding by clipping or coiling. The number of coiled patients
increased during the time period of the study. All patients with
aSAH, submitted within 72 h after the initial bleeding event,
underwent treatment, irrespective of the Hunt and Hess grade.
In poor-grade patients (Hunt and Hess grades IV and V), an
external ventricular drainage (EVD) and, in good-grade patients
(Hunt and Hess grades I to III), a lumbar drainage were placed
for intraoperative brain relaxation and, if present, treatment of
acute hydrocephalus. This policy was performed in both insti-
tutions. If necessary, patients with insufficient lumbar drainage
received an additional EVD. Intracranial pressure (ICP) >
20 mmHg was treated first by CSF drainage, then by mannitol.
Starting in 2000, hemicraniectomy in otherwise uncontrollable
ICP was occassionally performed. During the whole study pe-
riod, other monitoring techniques despite daily TCD and ICP (if
required) were not performed. The operative procedure has
been described in detail before [23]. Microdoppler was used
after clipping to assure patency of the parent artery and its
branches. An irrigation with nimodipine was performed during
the intradural steps of the operation.

Antivasospastic therapy

In all patients, hypovolemia was avoided and the patients were
kept at least normovolemic during the first 14 days of therapy;
colloidal substances were only occasionally used. All patients
routinely received standard prophylactic therapy with
nimodipine 10 ml/h (2 mg/h over 14 days intravenous) for
14 days. In patients with BFVexceeding 120 cm/s, a prophy-
lactic Btriple-H^ therapy focusing on hypertension (systolic
blood pressure between 160 and 180 mmHg) induced by cat-
echolamines (predominantly noradrenaline) and normo- to
mild hypervolemia (central venous pressure between 8 and
12 mmHg) was initiated. Hemodilution was not performed.
Those criteria for the initiation of prophylactic therapy were
standardized throughout the whole study period between 1990
and 2013 and did not differ between the two institutions.

Patients with TCD vasospasm kept bed rest. In patients
with symptomatic vasospasm, reversal of the neurological
deficit by further increase of blood pressure was attempted.
Treatment with nimodipine or balloon angioplasty was not
performed during the first study period (nICU) because of
the not proven effect on outcome in matched-pair studies
available during this time period [19]. On the other hand,
interventional balloon angioplasty or local application of
nimodipine was performed in selected cases after repeated
DSA during the second study period (gICU) after interdisci-
plinary discussion of each specific case.

Statistical analysis

Statistica 8 (Statsoft, Tulsa, OK, USA) and SAS version 9.2
statistical software (SAS Institute) were used for analysis.

Patient characteristics were summarized as percentiles, range,
and median as reasonable. A p value < 0.05 was considered
significant. Statistical significance was calculated using χ2

test for categorical variables, t test for continuous variables,
and Mann-Whitney U test for non-parametric analyses. To
assess the risk of the type of ICU-related outcome, we per-
formed multivariate analyis using the logistic regression mod-
el to adjust for differences between the two different groups
(p < 0.05).

Results

Description of the sample

A total of 755 patients with an average age of 50.5 years were
included. Four hundred and fifty-six patients were registered
in the nICU group and 299 patients in the gICU group. The
median age of the nICU patients was 47.4 ± 11.8 years and of
the gICU patients 55.2 ± 13.8 years. The age distribution was
significantly different between the two groups with more than
90% of the patients younger than 60 years in the nICU group
compared to 66% in the gICU group (p < 0.001). There was a
significant difference between both groups concerning the ini-
tial Hunt and Hess grade with a higher grade in the gICU
group (p = 0.001). GCS score was 3–6 in 114 patients
(26.6%), 7–12 in 49 patients (11.4%), and 13–15 in 266
(62.0%) patients in the nICU group, respectively. In the
gICU group, GCS score was 3–6 in 127 patients (42.9%),
8–12 in 22 patients (7.4%), and 13–15 in 147 patients
(50.0%), respectively. A detailed analysis is summarized in
Table 1. Mean arterial blood pressure by the time of admission
to hospital was 142.8 mmHg systolic (SD 30.3 mmHg) and
90.3 mmHg diastolic (SD 18.3 mmHg) in the nICU group and
147.1 mmHg systolic and 80.7 mmHg diastolic (SD
16.5 mmHg) in the gICU group, respectively. Mean body
temperature was 36.7 °C in the nICU group and 35.9 °C in
the gICU group, respectively.

Univariate analysis

Incidence of vasospasm, DIND, and ischemic lesions

In the univariate analysis, lower age (OR 0.95, 95% CI 0.92–
0.96, p < 0.001), higher GCS score (OR 1.38, 95% CI 1.01–
1.87, p = 0.03), higher Fisher score (OR 0.51, 95% CI 0.32–
0.81, p = 0.004), presence of EVD (OR 0.70, 95% CI 0.51–
0.96, p = 0.02) or LD (OR 0.71, 95% CI 0.52–0.98, p = 0.03),
and aneurysm clipping (OR 1.88, 95% CI 1.33–2.65,
p < 0.001) were associated with higher incidence of vaso-
spasm. Predictors of DIND were female sex (OR 0.62, 95%
CI 0.42–0.93, p = 0.02), lower initial GCS score (OR 1.84,
95% CI 1.27–2.67, p = 0.001), higher Hunt and Hess grade
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(OR 0.67, 95% CI 0.46–0.97, p = 0.03), higher Fisher grade
(OR 0.28, 95% CI 0.12–0.67, p = 0.004), presence of EVD
(OR 0.39, 95% CI 0.27–0.58, p < 0.001) or LD (OR 0.55,
95% CI 0.37–0.81, p = 0.003), and treatment on the gICU
(OR 0.35, 95% CI 0.24–0.51, p < 0.001). Lower initial GCS
(OR 2.02, 95% CI 1.29–3.17, p = 0.002), higher Hunt and
Hess grade (OR 0.54, 95% CI 0.35–0.85, p = 0.008), presence
of an EVD (OR 0.52, 95% CI 0.33–0.82, p = 0.005) or LD
(OR 1.57, 95% CI 1.01–2.46, p = 0.04), and treatment on the
gICU (OR 2.04, 95% CI 1.28–3.24, p = 0.003) were predic-
tors of delayed infarction.

Clinical outcome

Predictors of good clinical outcome were lower age (OR 0.95,
95% CI 0.94–0.96, p < 0.001), higher initial GCS score (OR
0.06, 95% CI 0.04–0.09, p < 0.001), lower Hunt and Hess
grade (OR 16.37, 95% CI 11.09–24.16, p < 0.001), lower

Fisher grade (OR 7.71, 95% CI 3.92–15.14, p < 0.001), ab-
sence of an EVD (OR 13.73, 95% CI 9.53–19.79, p < 0.001)
or LD (OR 0.37, 95% CI 0.27–0.51, p < 0.001), endovascular
aneurysm treatment (OR 1.76, 95% CI 1.26–2.46, p < 0.001),
absence of DIND (OR 4.30, 95% CI 2.88–6.41, p < 0.001) or
delayed infarction (OR 4.54, 95% CI 2.73–7.53, p < 0.001),
and treatment on the nICU (OR 2.07, 95% CI 1.53–2.78,
p < 0.001). Lower age (OR 0.94, 95% CI 0.92–0.95,
p < 0.001), higher initial GCS score (OR 0.09, 95% CI 0.06–
0.14, p < 0.001), lower Hunt and Hess grade (OR 10.59, 95%
CI 6.96–16.09, p < 0.001), lower Fisher grade (OR 10.40,
95% CI 3.71–29.17, p < 0.001), absence of EVD (8.65, 95%
CI 5.70–13.14, p < 0.001) or LD (OR 0.33, 95% CI 0.22–
0.48, p < 0.001), endovascular aneurysm treatment (OR
1.77, 95% CI 1.20–2.63, p = 0.004), absence of DIND (OR
3.04, 95%CI 1.99–4.64, p < 0.001), or delayed infarction (OR
4.36, 95% CI 2.53–7.52, p < 0.001) was associated with better
long-term outcome.

Multivariate analysis

Incidence of vasospasm, DIND, and ischemic lesions

Two hundred and fifty-four patients (55.7%) developed TCD
vasospasm in the nICU group, of whom 55 patients (14.8%)
developed a DIND. Regarding the gICU group, TCD vaso-
spasm was detected in 170 patients (56.9%), of whom 78
(26.1%) patients developed a DIND. Aneurysm surgery was
an idependent predictor of vasospasm (OR 2.4, 95% CI 1.57–
3.53, p < 0.001), while the absence of EVD (OR 0.38, 95% CI
0.25–0.56, p < 0.001), lower Fisher grade (OR 0.45, 95% CI
0.26–0.78, p = 0.005), and higher age (OR 0.94, 95% CI
0.93–0.96, p < 0.001) were associated with lower incidence
of vasospasm. An independent predictor of DIND was aneu-
rysm surgery (OR 1.65, 95% CI 1.02–2.67, p = 0.04), while
the absence of an EVD (OR 0.33, 95% CI 0.21–0.52,
p < 0.001) or LD (OR 0.39, 95% CI 0.24–0.61, p < 0.001)
and the treatment on the nICU were associated with lower
incidence of DIND. Lower initial GCS score (OR 1.9, 95%
CI 1.1–3.3, p = 0.02) and the treatment on the nICU were
associated with higher incidence of delayed infarction, while
the absence of an EVD (OR 0.45, 95% CI 0.26–0.81, p =
0.008) was associated with less delayed infarction (Table 2).

Clinical outcome

In the nICU group, GOS 1 was seen in 62 patients (13.6%),
GOS 2 in 10 patients (2.2%), GOS 3 in 101 patients (22.2%),
GOS 4 in 100 patients (21.9%), and GOS 5 in 183 patients
(40.1%), respectively, by the time of discharge from the hos-
pital. In the gICU group, GOS 1 was observed in 69 patients
(23.5%), GOS 2 in 29 patients (9.9%), GOS 3 in 64 patients
(21.8%), GOS 4 in 19 patients (6.5%), and GOS 5 in 113

Table 1 Baseline characteristics of aSAH patients treated in a gICU
versus nICU

Variable nICU (%) gICU (%) p value

Number 456 (60.4) 299 (39.6)

Sex 0.294
- Female 288 (63.2) 200 (66.9)

- Male 168 (36.8) 99 (33.1)

Age < 0.001
- ≤ 60 years 413 (90.6) 199 (66.6)

- > 60 years 43 (9.4) 100 (33.4)

Hunt and Hess 0.001
- Grades 1–3 313 (68.6) 178 (59.9)

- Grades 4–5 143 (31.4) 119 (40.1)

Fisher < 0.001
- Grades 1–2 77 (16.9) 12 (4.0)

- Grades 3–4 379 (83.1) 281 (96.0)

Aneurysm treatment < 0.001
- Clipping 398 (87.9) 137 (45.8)

- Coiling 33 (7.3) 154 (51.5)

- No treatment 22 (4.9) 8 (2.7)

GCS score < 0.001
- < 7 114 (26.6) 127 (42.9)

- 7–12 49 (11.4) 22 (7.4)

- 13–15 266 (62.0) 147 (50.5)

Multiple aneurysms n.s.
- Yes 89(19.7) 69(23.1)

- No 367 (80.3) 230 (76.9)

EVD 133 (33.4) 176 (58.9) < 0.001
- Yes 323 (66.6) 123 (41.1)

- No

LD n.s.
- Yes 220 (55.3) 179 (59.9)

- No 236 (44.7) 120 (40.1)

n.s. not significant
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patients (38.4%) by the time of discharge from hospital.
Predictors of better outcome at discharge were the absence
of EVD (OR 5.6, 95% CI 3.3–9.4, p < 0.001), absence of
delayed infarctions (OR 5.03, 95% CI 2.51–10.05,
p < 0.001), or absence DIND (OR 4.2, 95% CI 2.32–7.53),
while lower initial GCS score (OR 0.15, 95% CI 0.09–0.26,
p < 0.001) and lower age (OR 0.95, 95% CI 0.94–9.74,
p < 0.001) were associated with poorer outcome at discharge.

Long-term follow-up data (6 ± 17.9months) were available
in 60.7% (n = 277) of the nICU patients and in 87.0% (n =
260) of the gICU patients. GOS score after 6 months was as
followed for the nICU group: 1 (n = 64, 23.1%), 2 (n = 1,
0.4%), 3 (n = 29, 10.5%), 4 (n = 36, 13.0%), and 5 (n = 147;
53.1%). GOS was as followed for the gICU group: 1 (n = 74,
28.5%), 2 (n = 8, 3.1%), 3 (n = 32, 12.3%), 4 (n = 24, 9.2%), 5
(n = 122, 46.9%). Predictors of good long-term outcome were
the absence of an EVD (OR 3.2, 95% CI 1.8–5.69, p < 0.001),
absence of delayed infarctions (OR 5.2, 95% CI 2.51–10.84,
p < 0.001), or absence of DIND (OR 2.5, 95% CI 1.42–4.53,
p = 0.002), while lower age (OR 0.95, 95% CI 0.93–0.97,
p < 0.001) and lower initial GCS score (OR 0.30, 95% CI
0.17–0.54, p < 0.001) were predictors of poor long-term out-
come. In the multivariate analysis, the type of ICU was not a
significant predictor of short- and long-term outcomes.

In the nICU group, 72 patients (15.8%) required a
ventriculo-peritoneal or ventriculo-atrial shunt, whereas 67
patients (22.4%) underwent shunt operation in the gICU
group (p = 0.02).

Discussion

A meta-analysis of Kramer and Zygun identified 12 studies,
including 24.520 patients, enrolled in different models of care
for critically ill neurologic patients. Combining all of these
data, mortality was clearly lower in specialized ICUs [11].
Wärme et al. demonstrated an improved clinical outcome after

severe head injury in an organized nICU compared to a his-
torical cohort treated in a gICU prior to the establishment of a
nICU [24]. A review in 2014 supported these findings, but
failed to exactly identify reasons for the better outcome [12].
Higher patient volumes, a more strict adherence to protocols,
more intracranial and hemodynamic monitoring, more nutri-
tional support, and less sedation were considered as possible
reasons [13]. In addition, patient satisfaction is higher in a
nICU [21]. Lott and coworkers performed a retrospective co-
hort study examining critical illness outcome in a variety of
diagnoses in specialty ICUs versus gICU. This study included
11,984 patients admitted to 124 ICUs [15]. In contrast to the
aforementioned studies, they found no significant differences
in risk-adjusted mortality between general ICUs and specialty
ICUs, among which were neurological ICUs. Neurosurgical
ICUs were not specifically mentioned.

Recent studies have demonstrated that the presence of a
neurointensivist on a gICU is associated with improved clin-
ical outcomes in aSAH patients [9, 10, 14, 20, 21]. These
studies and the data from the meta-analysis paved the way to
our assumption that aSAH patients fare better if treated in a
nICU.

This is the first study to compare the outcome of patients
suffering from aSAH, treated either in a nICU or in a gICU
with a neurosurgeon who serves as a consultant. This compar-
ison is only possible due the fact that the senior author worked
first in an institution with a nICU and transferred the
neurosurgical/neurointensive care treatment strategy in detail
to the second center. Only two neurosurgical treatment aspects
were not kept constant throughout the whole study period: (1)
Interventional aneurysm treatment was principally established
during the second observation period. Thus, only 7.3% of the
patients in the nICU group, but 51.5% of the patients in the
gICU group, were treated interventionally by coiling. The
ISAT study and its follow-up analyses indicate that coiling
offers early and late outcome benefits if compared with clip-
ping [16–18]. However, the multivariate analysis of our data
showed that endovascular aneurysm treatment was not an in-
dependent predictor of clinical outcome. Therefore, we be-
lieve that the imbalance of the numbers of coiled and clipped
patients did not influence the results. (2) Magnesium was ex-
clusively given on the gICU until the results of the MASH-2-
study have demonstrated that the intravenous application of
magnesium does not improve clinical outcome after aSAH
[3]. Despite being negative in terms of outcome improvement,
the MASH-2-study did not provide evidence that magnesium
administration has a negative effect on outcome. Again, we
believe that the use of magnesium exclusively on the gICU
had no substantial influence on the results. In contrast to
neurosurgical/neurointensive care aspects, the senior author
did not keep aspects of general intensive care (ventilation,
sedation, nutrition) constant during the whole study period.
Probably, some aspects of general intensive care changed

Table 2 Multivariate analysis of the effect of different variables on
long-term outcome after aSAH

Variable OR Lower 95% CI Upper 95% CI p value

nICU-gICU 1.45 0.53 3.95 0.46

GCS 0.30 0.17 0.54 < 0.001

Age 0.95 0.93 0.97 < 0.001

DIND 2.50 1.42 4.53 0.002

Infarction 5.20 2.51 10.84 < 0.001

CSF drain 3.20 1.80 5.69 < 0.001

p < 0.05 was considered significant

GCSGlasgow Coma Scale, nICU neurosurgical intensive care unit, gICU
general intensive care unit, DIND delayed ischemic neurological deficit,
CSF cerebrospinal fluid
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within the study period. However, the specific effects of single
intensive care measures on outcome after aSAH are not well
investigated, making control of that bias difficult.

The major finding of the study was that the outcome of
aSAH patients shows no correlation with the type of the
ICU. We detected significant differences in both groups
concerning the patient’s age, severity of the bleeding, and
amount of blood seen on the initial CCT, with all these factors
strongly contributing to the patient’s outcome. However, in
the multivariate analysis, the type of ICU was not an indepen-
dent predictor of clinical outcome, while we were able to
confirm again the well-known risk factors for poor outcome
after aSAH such as the Hunt and Hess grade and the Fisher
score, supporting the validity of our analysis.

The most likely explanation for this finding is that the ear-
lier detection and initiation of treatment of aSAH sequelae
such as hydrocephalus, vasospasm, or brain edema on a
nICU by a neurosurgeon are outweighted by a less profound
knowledge in general intensive care such as respirator therapy
or sedation and vice versa on a gICU. Possibly, an increasing
time of parallel presence of a neurosurgeon and an intensivist
on an ICU allows improving the outcome of aSAH patients.

Limitations of the study

The present study has several limitations. (1) Its retrospective
study design per se implies the comparison of two groups that
has not been obtained by randomization. It has to be acknowl-
edged that the current study shares this limitation with the vast
majority of studies addressing the same topic [9–12, 14, 15].
Thus, the two groups in our and the other studies cannot be
equally compared in detail, especially concerning aspects in
treatment contents (e.g., specific medication, ventilation
agents, and dosage) or the quality of treatment and staff re-
sources. However, a monocenter prospective, randomized trial
is extremely unlikely to set up because the infrastructure of a
hospital barely allows to randomly allocate a patient to a nICU
or gICU. The value of a multicenter prospective, randomized
trial would be substantially hampered by the fact that the treat-
ment strategies are not uniform and might differ even more
(e.g., quality of staff resources). (2) It is a limitation that data-
bases which had been obtained in two different university
centers were compared. We consider this limitation to be mi-
nor because the constancy of the treatment strategy in the
whole study period was guaranteed by the senior author,
who transferred the strategy from the first to the second center.
In addition, it has to be kept in mind that a study comparing
nICU or gICU outcomes requires either a personnel position
change introducing the flaw of two center data collection or a
hospital infrastructure change, which is a rare event. (3)
Another limitation might be the long study period. It is im-
possible to determine all factors that might influence the ob-
served results in our study. Thus, we were not able to address

different important aspects that have changed over this long
time period especially aspects of general intensive care where
no attempt was made by the senior author to keep these factors
constant. However, previous studies shared the same limita-
tion [10, 14]. In addition, the effect on outcome of single
intensive care measures is not well investigated. (4)
Endovascular therapy played a minor role in the management
of aneurysms in the nICU group compared to patients treated
in the gICU. However, in the multivariate analysis,
endovascular treatment was not an independent outcome pre-
dictor. (5) It seems possible that parameters being outcome-
relevant, such as age-related co-morbidities, but having been
beyond the scope of interest during data collection, influenced
the results. (6) The loss to follow-up in the nICU group was
substantially higher than that in the gICU group, which might
have had an influence on the results of the study. On the other
hand, differences in the quality of intensive care, if present,
should have a substantially higher effect on short- than on
long-term outcome. (7) Furthermore, we are aware of the
problem that the conclusions we have formulated should be
specially audited by different countries, as the structure and
timetable of services and units differ from those of other coun-
tries or even nationwide. Hence, the results should interpreted
carefully based on the specificity of the national healthcare
system organization and regional treatment protocols for pa-
tients with aSAH.

Conclusion

The outcome is not better if patients with aSAH are treated on
a neurosurgical ICU. The study does not allow to identify
reasons for this result. It can be assumed that the higher com-
petence of a neurosurgically trained team for early detection of
secondary outcome-relevant neuroworsening is outweight by
the higher knowledge of the intensivist in the more general
aspects of intensive care.
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