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Abstract Subarachnoid hemorrhage (SAH) is usually caused
by a ruptured intracranial aneurysm. However, in some pa-
tients, no source of hemorrhage might be detected despite
repeated digital subtraction angiography (DSA). Our objec-
tive was to analyze factors influencing the clinical outcome in
patients suffering from non-aneurysmal and non-
perimesencephalic (NPM) SAH. Between 1999 and 2011,
68 of 1,188 patients with SAH (5.7 %) suffered from non-
aneurysmal and NPM-SAH. Outcomewas assessed according
to the modified Rankin Scale (mRS) at 6 months (mRS 0–2
favorable vs. 3–6 unfavorable). In patients with angiogram-
negative and NPM-SAH, favorable outcome was achieved in
56 patients (82.4 %). In the multivariate analysis, age
<65 years and non-Fisher 3 bleeding pattern were significant-
ly associated with favorable outcome. Angiogram-negative
and NPM-SAH had good prognoses. Patients with non-
Fisher-type 3 bleeding had excellent outcomes similar to
patients with perimesencephalic SAH, but patients with
Fisher-type 3 bleeding were at risk for poor outcome like
aneurysmal SAH patients due to cerebral vasospasm and
delayed cerebral ischemia. Age and bleeding type were de-
tected as prognostic factors in the multivariate analysis.
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Introduction

Spontaneous subarachnoid hemorrhage (SAH) is usually caused
by intracranial aneurysm rupture. However, in up to 20 % of the
patients with SAH, cerebral angiography, computed tomography
(CT) scans, and spinal magnetic resonance imaging (MRI) are
negative for aneurysms or other vascular malformations [1–4]. In
about 20 to 70% of these patients with angiogram-negative SAH,
the blood distribution is described either as perimesencephalic
(PM), pretruncal, or prepontine [5].

The perimesencephalic SAH subgroup is considered to be
associated with excellent outcome and low risk of rebleeding
[5, 6]. Unfortunately, data on outcome in patients suffering
from angiogram-negative and non-perimesencephalic (NPM)
SAH are published often only in small case series [1, 7–14],
and data is scarce for series with more than 50 patients [5, 15,
16].

We therefore analyzed patients suffering from
angiographic-negative and NPM-SAH who had been admit-
ted to our institution.

Methods

Between 1999 and 2011, 1,188 consecutive patients suffering
from SAH have been admitted to our institution. SAH was
diagnosed by CT scans or lumbar puncture. Patients with
trauma-related SAH and patients in whom the bleeding
sources were determined to be an aneurysm or vascular mal-
formation were excluded from the study. Patient characteris-
tics, treatments, radiological features, and outcomes were
prospectively entered into our neurovascular database (SPSS,
version 15, SPSS Inc.).
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All patients underwent angiography and, since 2002,
three-dimensional four-vessel digital subtraction angiogra-
phy (DSA) to rule out intracranial bleeding sources. Patients
with verified intracranial aneurysms were treated by surgical
or endovascular aneurysm occlusion based on an interdisci-
plinary consensus [17]. In patients with angiogram-negative
SAH, angiography was repeated approximately 14 days
after the ictus. Additionally, spinal magnetic resonance im-
aging (MRI) was performed to rule out a spinal bleeding
source.

We defined a perimesencephalic hemorrhage, according
to van Gijn et al. [6] and Rinkel et al. [18], if the
hemorrhage was located in front of the brain stem, mainly
in the interpendicular cistern, with or without extension to
the ambient, chiasmatic, and horizontal part of the Sylvian
cisterns. In non-perimesencephalic hemorrhages, blood was
not located mainly in the interpendicular cistern, but in the
Sylvian cistern, interhemispheric cistern, convexity or a
CT-negative, and lumbar puncture-positive bleeding. Pa-
tients were further stratified according to the distribution
of subarachnoid blood into Fisher 3 patterns (Fi3) or non-
Fisher 3 patterns (non-Fi3) [19].

Our treatment protocol includes the application of
nimodipine in all patients with SAH from the day of admis-
sion and has been described in detail previously [20, 21]. In
patients with symptomatic vasospasm, hypertension was in-
duced with catecholamines [22].

On admission, patients were divided into good grade
(World Federation of Neurological Societies [WFNS]
grades I–III) and poor grade (WFNS IV–V). Outcome
was assessed according to the modified Rankin Scale
(mRS) after 6 months and stratified into favorable
(mRS score 0–2) and unfavorable (mRS score 3–6)
outcome.

Statistical analysis

Data analyses were performed using the computer software
package SPSS (version 15, SPSS, Inc.). Unpaired t tests
were used for parametric statistics. Categorical variables
were analyzed in contingency tables using the χ2 test.
Results with p<0.05 were considered statistically
significant.

In a second step, a multivariate analysis was performed
to identify independent predictors of favorable outcome
after 6 months and to find confounding effects between
potentially independent predictors. Variables with signifi-
cant p values on univariate analysis were considered as
potentially independent variables in a multivariate analysis.
A backward stepwise method was used to construct a
multivariate logistic regression model in relation to favor-
able outcome as a dependent variable with an inclusion
criterion of p<0.05.

Results

Patient characteristics

One hundred fifty-two of the 1,188 patients (12.8 %) after
diagnostic workup suffering from SAH had aneurysm-
negative DSA with growing numbers in the last years. From
July 1999 to June 2003, 32 patients presented with a non-
aneurysmal SAH; in the following 4 years, 75%more patients
(n=56) had a non-aneurysmal SAH and 100 % more patients
(n=64) from July 2007 to June 2011. Sixty-eight of the 1,188
patients (5.7 %) presented with angiogram-negative and
NPM-SAH (Fig. 1). Overall, 56 of the 68 patients (82.4 %)
suffering from angiogram-negative and NPM-SAH achieved
favorable outcome.

Patients’ characteristics, including age, sex, clinical status
at admission, and clinical outcome are given in detail in
Table 1.

Anticoagulation and platelet inhibition

From July 1999 to June 2003, 32 patients had a non-
aneurysmal SAH and 6 % of the pat ients took
anticoagulation-affective drugs. In the following period (July
2003 to June 2007), 75%more patients had a non-aneurysmal
SAH, and the use of drugs increased by 300 %. In the last
period (July 2007 to June 2011), the number of SAH increased
by 100 %, and the use of anticoagulation drugs or platelet-
inhibiting drugs increased by 600 % compared to the first
period (Fig. 1).

Neurological grading at admission

Fifty-seven patients (83.8 %) were in a good grade, whereas
11 patients (16.2 %) were in poor grade at admission. Favor-
able outcome was achieved in 51 of 56 good grade patients
(91.1 %) and in 6 of 12 poor grade patients (50 %, p<0.001).

Imaging results

Overall, in 14 of 166 patients (8.4 %), a bleeding source was
detected by a second DSA (13 patients) or additionally per-
formed spinal MRI (1 patient).

Subarachnoid blood distribution

Twenty-five of 68 patients (36.8 %) had Fi3 patterns, whereas
43 of 68 patients (63.2 %) had non-Fi3 patterns subarachnoid
blood distribution. Patients with non-Fi3 blood patterns had a
significant better admission status compared to patients with
Fi3 patterns (p<0.001; OR 28, 95 % CI 3.3–238). Favorable
outcome was achieved in 16 patients with Fi3 (64.0 %) vs. 40
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patients (93.0%)with non-Fi3 (p<0.01; OR 7.5, 95%CI 1.8–
31; Table 2).

Cerebral vasospasm and delayed cerebral ischemia

Thirty-one patients (20.4 %) with angiogram-negative DSA
developed cerebral vasospasm (CVS). Eighteen patients with
NPM-SAH vs. 13 patients with PM-SAH developed CVS
over the course of treatment (26.5 vs. 15.5 %; p=0.1). From
25 patients with a Fi3 patterns, 12 patients developed CVS vs.
6 of 43 patients with non-Fi3 patterns (48 vs. 14.0 %; p<0.01;
OR 5.7, 95 % CI 1.8–18). Considering the Vergouwen defi-
nitions [23], 21 patients developed a delayed cerebral

ischemia (DCI), 13 patients with NPM-SAH vs. 8 patients
with PM-SAH (19.1 vs. 9.5 %; p=0.1). Ten patients with Fi3
patterns vs. 3 with non-Fi3 patterns showed DCI (40 vs.
7.0 %; p<0.01; OR 8.9, 95 % CI 2.1–37).

Posthemorrhagic hydrocephalus

Overall, early hydrocephalus was detected in 19 of 68 patients
(27.9 %). Fourteen patients with Fi3 patterns (56.0 %) vs. five
patients (11.6 %) with non-Fi3 patterns suffered from early
hydrocephalus (p<0.001; OR 9.7, 95%CI 2.8–33). Overall, 7
of 68 patients (10.3 %) developed a shunt-dependent hydro-
cephalus. Two patients with Fi3 patterns (8.0 %) vs. five

Table 1 Patient characteristics

Characteristics Total NPM-SAH
Fisher 3 pattern

NPM-SAH
non-Fisher 3 pattern

Univariate analysis

OR (95 % CI) p valuea

Number of patients 68 25 (36.8 %) 43 (63.2 %)

Mean age±SD 58±15 58±15 58±16 NS NS

Female sex 28 (41.2 %) 8 (32.0 %) 20 (46.5 %) NS NS

Good grade (WFNS I–III) 57 (83.8 %) 15 (60.0 %) 42 (97.7 %) 28 (3.3–238) for non-Fi 3 <0.001

Favorable outcome (mRS 0–2) 56 (82.4 %) 16 (64.0 %) 40 (93.0 %) 7.5 (1.8–31) for non-Fi 3 <0.01

Early hydrocephalus 19 (27.9 %) 14 (56.0 %) 5 (11.6 %) 9.7 (2.8–33) for Fi 3 <0.001

DCI 13 (19.1 %) 10 (40.0 %) 3 (7.0 %) 8.9 (2.1–37) for Fi 3 <0.01

NPM-SAH non-perimesencephalic subarachnoid hemorrhage, SD standard deviation, WFNS world federation of neurological societies, mRS modified
Rankin scale, DCI delayed cerebral ischemia, OR odds ratio, CI confidence interval
a Unpaired t test and mean difference for parametric statistics and χ2 test and odds ratio for categorical variables

Fig. 1 Number of patients with
non-aneurysmal SAH and per-
centage of patients using
coagulation-affecting drugs. Not
only the numbers of patients are
increasing over the years but also
the percentage of patients using
drugs affecting the
anticoagulation and/or platelet
function increased over a period.
Using coagulation-affecting drugs
may be one reason for the grow-
ing numbers of patients with non-
aneurysmal SAH
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patients with non-Fi3 patterns (11.6 %) developed a shunt-
dependent hydrocephalus during follow-up (p=0.66). Favor-
able outcome was significantly more often achieved in pa-
tients without early hydrocephalus compared to patients suf-
fering from early hydrocephalus (21.4 vs. 58.3 %; p<0.01;
OR 5.1; 95 % CI 1.4–19).

Multivariate analysis

In the univariate analysis ‘age, hydrocephalus, bleeding type,
and good admission status’ were significantly associated with
favorable outcome in patients with angiographic-negative and
NPM-SAH. Therefore, we performed a multivariate logistic
regression analysis of those variables. The multivariate regres-
sion model did illustrate the variables “age <65 years”
(p<0.05; OR 6.1, 95 % CI 1.3–28.4) and “non-Fi3 blood
pattern” (p<0.01; OR 10.8, 95 % CI 2.2–52.6) as independent
and significant predictors for favorable outcome in patients
with angiographic-negative and NPM-SAH (Nagelkerke’s
R2=0.33), so the variables hydrocephalus and admission sta-
tus were dependent variables from age and bleeding type and,
therefore, not a significant predicting factor of patients’ out-
come (Table 2).

Discussion

Subarachnoid hemorrhage without identification of a bleeding
source is a rare entity [1, 3, 6, 18]. Our data shows growing
numbers of this bleeding type (Fig. 1), but data on patients
with angiogram-negative and NPM-SAH is not so often [1, 7,
8, 11, 12, 24–27] and scarce for series with more than 50
patients [5, 15, 16]. Therefore, our institutional data was

analyzed, and 68 patients (5.7 %) suffering from angiogram-
negative and NPM-SAH were identified. The present data
indicates that patients with angiogram-negative and NPM-
SAH might achieve favorable outcome. In the multivariate
analysis, age <65 years and non-Fi3 blood pattern were sig-
nificantly associated with favorable outcome.

Anticoagulation and platelet inhibition

We have significant increasing numbers of patients with non-
aneurysmal SAH despite the technological improvements of
DSA. One reason could be the increasing number of patients
with systemic anticoagulation or platelet inhibition (Fig. 1).
Data for perimesencephalic SAH and coagulation-influencing
drugs is scarce, but describes higher blood amount and
rebleeding rates [28–30]. In the literature, good and valid data
for non-perimesencephalic SAH analyzing these is not only
scarce, it is missing. Boswell et al. described a 4 %
rehemorrhage rate (range 0–12.3 %) for perimesencephalic
and non-perimesencephalic SAH in their meta-analysis [31],
which is slightly higher than the one case (without taking
coagulation-influencing drugs) in our series (1.5 %), but a
high number of unreported or non-selected cases have to be
assumed. Unfortunately, actually, a comparison of recurrent
hemorrhages seems not be useful due to the very different
hospital algorithms (some centers only perform a single DSA
at admission), but after an extensive diagnostic workup, the
risk of a rehemorrhage seems to be very low.

Incidence of non-aneurysmal NPM-SAH and neurological
condition at admission

Up to 13 % of patients with spontaneous SAH and aneurysm-
negative baseline DSA present with perimesencephalic or

Table 2 Outcome of patients with spontaneous angiographic-negative and NPM-SAH

Characteristics Favorable outcome Unfavorable outcome Univariate analysis Multivariate analysis

OR (95 % CI) p valuea OR (95 % CI) p valuea

Number of patients 56 12

age <65

Mean age±SD 56±15 67±12 11.2 (1.8–20) <0.05 6.1 (1.3–28) <0.05

Good grade (WFNS I–III) 51 (91.1 %) 6 (50.0 %) 10.2 (2–44) <0.001 NS

Early hydrocephalus 12 (21.4 %) 7 (58.3 %) 0.19 (0.05–0.72) <0.01 NS

Female sex 22 (39.3 %) 6 (50.0 %) NS

Non-Fisher 3

Fisher 3 pattern 16 (28.6 %) 9 (75.0 %) 7.5 (1.8–31) < 0.01 10.8 (2.2–53) <0.01

Shunt dependency 5 (8.9 %) 2 (16.7 %) NS

Means are given with SD. SD standard deviation, NS not significant (p>0.05), WFNS world federation of neurological societies, OR odds ratio, CI
confidence interval
a Unpaired t test and mean difference for parametric statistics and χ2 test and odds ratio for categorical variables
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NPM-SAH pattern on initial CTscan [1, 5, 7, 8, 11, 12, 15, 16,
24, 25, 27].

In the present series, 5.7 % of patients presented with non-
aneurysmal and NPM-SAH. Most of these patients were in a
good clinical condition at admission (83.8 %). In the present
series, favorable outcome was achieved in 82.4 % of the
patients with angiogram-negative NPM-SAH.

Angiographic results

A recently published study reported a significantly lower rate of
rebleeding in patients with perimesencephalic SAH compared to
patients with NPM-SAH [31]. Therefore, rebleeding is the most
important preventable cause of unfavorable outcome in patients
suffering from spontaneous SAH [32]. Therefore, in patients with
aneurysm-negative baseline DSA, repeat DSA is necessary in
order to detect a potential bleeding source and to prevent
rebleeding [27, 31, 33]. In the present series, 152 patients had a
spontaneous angiogram-negative SAHafter diagnosticworkup. In
our treatment protocol, all patients receive two DSA and MRI of
the whole spine, resulting in only one rebleeding after this diag-
nostic workup. However, in 13 patients (7.8 %) with initial non-
aneurysmal SAH, a source of hemorrhage was revealed in the
second DSA. In one patient (0.6 %) with a repeated aneurysm-
negative DSA, an additionally performed spinal MRI identified a
spinal pathology as source of the hemorrhage. This rate is similar
to other published data with series of more than 50 patients (7–
18 %) [15, 33–35]. Some studies described lower rates, but
repeated angiography was done in less than 50 patients [8, 36].

SAH pattern on initial CT scan

In patients suffering from non-aneurysmal and NPM-SAH,
favorable outcome was significantly associated with SAH
pattern on initial CT [16]. According to the multivariate
analysis, favorable outcome was significantly more often
achieved in patients without blood distribution according to
Fisher score 3 (p<0.01; Table 1).

Cerebral vasospasm and delayed cerebral ischemia

As previously reported, patients suffering from non-
aneurysmal and NPM-SAH had significantly higher risk to
develop angiographic CVS when compared to patients with
PM-SAH [11]. In the present series, 15.5 % of patients with
PM-SAH developed CVS compared to 26.5 % of patients
with NPM-SAH (p=0.1). Especially, the Fi3 group developed
significant, more frequent CVS (48.0%) and DCI (40.0%) vs.
non-Fi3 patients (CVS 14.0 %, p<0.01; DCI 7.0 %, p<0.01),
which seems to be the reason for the worse outcome of the Fi3
group (64.0 %) compared to the non-Fi3 group (93.0 %;
p<0.01).

Posthemorrhagic hydrocephalus

Posthemorrhagic hydrocephalus is common in patients with
spontaneous SAH [37]. Posthemorrhagic hydrocephalus oc-
curred significantly more often in patients with NPM-SAH
when compared to patients with PM-SAH [11]. In the present
series, early hydrocephalus was found in 27.9 % of patients
with NPM-SAH. Furthermore, up to 21 % of patients with
aneurysm-negative baseline DSA and NPM-SAH have been
reported to develop shunt-dependent hydrocephalus [33]. 10.3
% of the patients with NPM-SAH developed shunt-dependent
hydrocephalus during long-term follow-up.

Comparison of outcome between the non-Fisher-type 3
subgroup of angiographic-negative NPM-SAH
and perimesencephalic SAH

The non-Fi3 subgroup was compared with patients suffering
from perimesencephalic SAH in our hospital (Table 3). Both
groups were in a good status at admission (98 vs. 91 %, not
significantly different). A favorable outcome was achieved in
93% of the patients in the non-Fi3 group compared to 89% in
the perimesencephalic SAH group (not significantly differ-
ent). Patients without bleeding in the basal cisterns seem to
have an exce l l en t ou t come l ike pa t i en t s wi th
perimesencephalic SAH (Table 3).

Functional outcome

Several studies have reported that the majority of patients with
non-aneurysmal and NPM-SAH might achieve favorable out-
come [2, 4, 6, 18, 38]. Overall, 82.4 % of patients with non-
aneurysmal and NPM-SAH achieved favorable outcome in the
present series. In the present study, a DCI was only in 7.0 % of
the patients with a non-Fi3 bleeding pattern observed,

Table 3 Outcome comparison between patients with non-Fisher 3 NPM-
SAH and perimesencephalic SAH

Characteristics Non-Fisher 3
pattern bleeding

Perimesencephalic
SAH

p valuea

Number of patients 43 84

Mean age±SD 58±16 55±12 NS

Good grade
(WFNS I–III)

42 (97.7 %) 76 (90.5 %) NS

Favorable outcome
(mRS 0–2)

40 (93.0 %) 75 (89.3 %) NS

DCI 3 (7.0 %) 8 (9.5 %) NS

Death 1 (2.3 %) 5 (6.0 %) NS

SD standard deviation, NS not significant (p>0.05), SAH subarachnoid
hemorrhage, WFNS world federation of neurological societies, DCI de-
layed cerebral ischemia
a Unpaired t test for parametric statistics and χ2 test for categorical
variables
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compared to 40.0 % in the Fi3 group. Therefore, an absence of
vasospasm and cerebral infarctions seems to be the main reason
for the excellent outcome of the non-Fi3 compared to aneurys-
mal SAH or the Fi3 group (p<0.01; OR 8.9, 95 % CI 2.1–37).

In the present multivariate analysis, younger age (p<0.05)
and non-Fi3 blood pattern (p<0.01) were independent pre-
dictors for favorable outcome in patients with non-aneurysmal
and NPM-SAH.

Conclusion

Patients suffering from spontaneous NPM-SAH incline to
achieve favorable outcome. However, occurrence of
rebleeding, vasospasm, or hydrocephalus might impair clini-
cal outcome. Therefore, careful individual decision-making,
repeated DSA, and attentive clinical observation are necessary
to maintain the potential for favorable outcome in this rare
patient cohort. Especially, patients with a Fisher-type 3 blood
patterns were at risk for a poor outcome due to CVS and DCI.
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Comments

Siamak Asgari, Ingolstadt, Germany
In a retrospective study, Konczalla et al. reported about 68 patients

with non-perimesencephalic subarachnoid hemorrhage who did not show
any kind of bleeding source. All of them underwent two cerebral angi-
ographies and one MRI of the cerebrum/cervical spine. Eighty-two
percent of the patients experienced favorable outcomes. Twenty-seven
percent of the patients developed cerebral vasospasm and 19 % of the
patients suffered from delayed cerebral ischemia. Ten percent of the
patients needed insertion of a CSF shunt. The authors presented a multi-
variate analysis pointing out Fisher grade 3 and patient age over 65 years
as negative prognostic factors. This paper is of significant value for the
neurovascular-interested readers and well-prepared. The authors had a
database of over 1,188 patients with spontaneous subarachnoid hemor-
rhage available. Personally, I estimate an increasing number of patients
with spontaneous non-perimesencephalic hemorrhage without visualiz-
ing a bleeding source in the recent years. Some of these bleedings
occurred under systemic anticoagulation or dual platelet inhibition. The
authors re-evaluate their data showing both an increasing number of non-
aneurysmal SAH and patients treated with systemic anticoagulation or
platelet inhibition. However, the rehemorrhage rate in these patients was
very low (1.5 %).

Nicholas C. Bambakidis, Cleveland, USA
The authors analyzed factors influencing the clinical outcome in 68

patients suffering from non-aneurysmal and non-perimesencephalic
(NPM) subarachnoid hemorrhage (SAH). The authors demonstrated that
angiogram-negative and NPM-SAH had good prognoses. Patients with
Fisher-type 3 bleedingwere at risk for poor outcome like aneurismal SAH
patients due to cerebral vasospasm and delayed cerebral ischemia. This is
a large case series of angiogram-negative and NPM-SAH. We routinely
repeat cerebral angiography on these patients and do not rely on CTA or
MRA. Additionally, it is important to image the cervical spine with MRI
to rule out spinal vascular malformation or other hemorrhagic lesions. As
the authors point out, patients with large amounts of SAH are at risk of
developing all of the usual complications of aneurysmal SAH and must
be monitored and treated closely.
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