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Abstract
Purpose Non-aneurysmal perimesencephalic subarachnoid hemorrhage (PmSAH) represents 6.8% of spontaneous suba-
rachnoid hemorrhage, and usually has a benign clinical course. However, patients might have early cerebral ischemic lesions 
and long-term neurocognitive complaints. Cerebral atrophy has been described in patients after aneurysmal SAH, but not 
in PmSAH. We aimed to investigate if PmSAH associates with increased brain volume loss.
Methods In this prospective study, we included consecutive patients with PmSAH that performed MR in the first 10 days 
after hemorrhage, and follow-up MR 6–7 years later. Automated volumetric measurements of intracranial, white matter, 
gray matter, whole brain, lateral ventricles, hippocampus, and amygdala volumes were performed. Volumes were compared 
to a normal population, matched for age.
Results Eight patients with PmSAH were included, with a mean age of 51.5 (SE 3.6) at baseline. The control group included 
22 patients with a mean age of 56.3 (SE 2.0). A relative reduction of all volumes was found in both groups; however, PmSAH 
patients had significant reductions in intracranial, white and gray matter, whole brain, and hippocampal volumes when 
compared to controls. These changes had a higher magnitude in whole brain volume, with a significant absolute decrease of 
6.5% in PmSAH patients (versus 1.9% in controls), and a trend for an increase in lateral ventricle volume (absolute 21.3% 
increase, versus 3.9% in controls).
Conclusion Our cohort of PmSAH patients showed significant long-term parenchymal atrophy, and higher global and focal 
parenchymal volume loss rates when compared to a non-SAH population.
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Abbreviations
PmSAH  Non-aneurysmal perimesencephalic subarach-

noid hemorrhage
SAH  Subarachnoid hemorrhage
ICC  Intracranial cavity
WM  White matter
GM  Gray matter
CSF  Cerebrospinal fluid
GCS  Glasgow coma score

Introduction

Non-aneurysmal perimesencephalic subarachnoid hemor-
rhage (PmSAH) represents around 6.8% of spontaneous 
subarachnoid hemorrhages (SAH), with a slight male pre-
dominance and although a venous origin of the hemorrhage 
is suspected, it still has not been proved [1].

The clinical presentation is less severe compared to other 
forms of SAH [2] and the clinical outcome is favorable [3] 
with quality-of-life levels comparable to those of the normal 
population [4]. No differences in mortality were found in 
comparison to the general population[5].

Nevertheless, patients with acute PmSAH have been 
shown to have early ischemic lesions [6], and in the long 
term, cognitive and emotional sequelae have been reported 
[7, 8] with associated high levels of work absenteeism[9].

Even though focal and global cerebral atrophy has been 
described after SAH in patients with ruptured aneurysms 
[10, 11], to the best of our knowledge, there are no reports on 
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brain volumes changes after PmSAH. We hypothesize that 
PmSAH similarly associates with parenchymal volume loss.

In this study, we aim to investigate if there is an increased 
global or segmental brain volume loss in PmSAH patients, 
and compare it to a population without SAH.

Methods

Subjects

All patients with acute spontaneous SAH admitted at our 
tertiary center between May 2013 and November 2014 were 
enrolled in a prospective cohort study approved by our insti-
tutional review board. Inclusion criteria for the main study 
were as follows: (1) age > 18 years, (2) acute non-traumatic 
SAH diagnosed by CT and/or lumbar puncture performed 
within the first 72 h of SAH onset, and (3) informed con-
sent obtained from patient or legal representative. Patients 
in a very poor clinical condition (GCS 3), pregnant women, 
patients with renal insufficiency, and patients with any con-
traindication to perform MR or whose time of onset of SAH 
was unknown were excluded.

PmSAH was defined as SAH limited to the cisterns 
around the midbrain, or not extending beyond the proximal 
Sylvian or interhemispheric fissures, with no parenchymal 
extension, and with no aneurysm documented on a complete 
four-vessel and cervical digital subtraction angiography. 
All patients had a follow-up DSA after at least 7 days. The 
PmSAH cohort was studied in other publications (Fragata 
et al.), namely for the presence of ischemic lesions, using 
MRI-DWI, and for perfusion changes using CT, which differ 
from this work that besides being a longitudinal study uses 
volumetric analysis to document brain volume loss.

A control group (n = 22) composed of patients matched 
for age was selected from patients that performed MR for 
follow-up of intracranial meningiomas in the same period.

MR imaging

Patients presenting with PmSAH had an MR study between 
admission up to 72 h after SAH and 8–10 days after SAH on 
a 1.5-T scanner (Magnetom Avanto, Siemens Healthcare). 
The imaging protocol consisted of: T1 Sagittal MPRAGE 
3D, axial DP/T2 TSE, T2*, and T2 FLAIR, as well as diffu-
sion tensor imaging sequences. After a 6 to 7 years interval 
after the presenting hemorrhage, a follow-up MR was per-
formed on the same scanner and using the same protocol. In 
the PmSAH group, 4 patients were lost to follow-up.

Patients in the control group had MR studies within a 
similar time interval performed on the same scanner, using 
a protocol that included T1 MPRAGE 3D images.

Volumetric analysis

To extract and measure brain tissue volumes we used 
volBrain (http:// volbr ain. upv. es/) [12], a completely auto-
mated segmentation tool. With the volBrain system, we 
obtained and analyzed the following volumes:

• Intracranial cavity (ICC was defined as the sum of all 
WM, GM, and cerebrum-spinal fluid (CSF))

• Tissue volumes: WM, GM volumes
• Lateral ventricles, hippocampus, amygdala

All these segmentations, with the exception of tissue 
volumes, are based on different adaptations of multi-atlas 
patch-based label fusion segmentation [13].

We then calculated the percentage of volume change 
between baseline and follow-up MR using the formula: 
(vol2-vol1/vol1) × 100. We also calculated the annual dif-
ference, by dividing the total percentage of volume change 
by the follow-up interval in years.

Statistical analysis

We used SPSS software (V.23.0; IBM, Armonk, NY, USA) 
for data analysis. Variables were tested for normality. Para-
metric and nonparametric tests were used accordingly to 
compare global and segmental volumes between the base-
line MR and the follow-up MR, and for comparison of 
volumes and differences in global and segmental volumes 
between the patient and control groups. The significant 
level of p value was set at 0.05.

Results

A total of 8 patients with PmSAH and a total of 22 controls 
were included. Demographic data are shown in Table 1.

Mean age for the PmSAH group at baseline was 51.5 
(SE 3.6), and 38% were females. The control group had 
a mean age of 56.3 (SE 2.0) at baseline, and 86% were 
females. None of the patients with PmSAH had acute 
ischemic lesions on DWI, vasospasm during hospital 
admission or delayed cerebral ischemia. All PmSAH 
patients had a GCS of 15 at admission, except for one 
patient (with a score of 13). This patient also had the high-
est Fisher score (3), compared to the remaining patients: 
4 patients had a modified Fisher score of 1 and 3 patients 
had a score of 2. Patients with PmSAH had a follow-up 
MR at 6.8 ± 0.4 years, and patients in the control group 
had a follow-up MR at 5.0 ± 1.5 years.
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Segmental and global volumes had a trend for higher 
values in the PmSAH group, except for the volume of the 
lateral ventricles (see Fig. 1 and Supplementary Table I), 
possibly reflecting the slightly younger mean age in this 
group.

A summary of the results of segmental and global vol-
umes for patient and control groups is shown in Table 2. We 
observed a relative reduction in all parenchymal volumes 
with time, both in the control group and in the patients with 
PmSAH. However, PmSAH patients showed significant 
reductions in intracranial volume, white matter and gray 
matter volume, whole brain volume, and hippocampal vol-
ume when compared to controls. These changes had a higher 
magnitude in whole brain volumes, where PmSAH patients 
showed a significant absolute decrease in volume of 6.5% 
(versus 1.9% in controls) (Table 3). We tried to understand 
if there was an increased annual rate of volume loss in the 
PmSAH group, translating an accelerated parenchymal atro-
phy. When we analyzed the annual rate of volume loss, again 
we found an increased annual loss of whole brain volume 
in patients with PmSAH compared to controls (− 0.91% in 
PmSAH patients versus − 0.34% in controls). Patients with 
PmSAH also showed a trend for larger increase in lateral 
ventricle volume (absolute 21.3% increase in volume, com-
pared to 3.9% in controls), almost reaching significance 
(p = 0.055), possibly reflecting a higher degree of subcorti-
cal atrophy in these patients.

Discussion

In this study, we aimed to investigate if patients with 
PmSAH had increased brain volume loss, when compared 
to a non-SAH population. Our results reveal a globally 
increased parenchymal atrophy in the PmSAH group, when 
compared to the control group.

These findings suggest that there might be increased brain 
atrophy in PmSAH, which globally affects the brain, but is 
also selective for the hippocampi. If we consider that the 
control group has a higher mean age, which would predicta-
bly imply higher brain volume loss rates with time, our find-
ings have even more impact. The annual rate of volume loss 

seems to be higher only for whole brain volume in patients 
with PmSAH when compared to controls, suggesting that 
the parenchymal insult possibly occurs focally at the time 
of hemorrhage.

The association between increased brain atrophy and 
PmSAH might help explain the cognitive and emotional 
sequelae described in these patients [7, 8]. A similar impact 
of aneurysmal subarachnoid hemorrhage in brain volumes 
has been described, affecting not only the white and gray 
matter, but also specifically the hippocampus/temporo-
mesial region [10, 11, 14, 15]. This might indicate that the 
hemorrhage, despite the mechanism in its origin, is in itself 
a sufficient insult to potentially harm the brain, and lead 
to parenchymal volume loss. In fact, there is evidence in 
the literature for a direct apoptotic effect of acute subarach-
noid hemorrhage, a mechanism that contributes to early 
brain injury [16, 17]. Also, early acute ischemic lesions are 
present both in PmSAH [6] and aneurysmal SAH patients 
[18], representing an acute insult after hemorrhage. Most 
studies on early brain injury have focused on aneurysmal 
hemorrhage; however, we might speculate that there is some 
form of acute parenchymal injury that also affects PmSAH 
patients, possibly to a smaller extent.

Our study has some limitations; the most important of all 
is the small sample size, considering the heterogeneity of the 
physiological brain atrophy. Neuropsychological evaluation 
was not performed, to investigate if the more significant atro-
phy we found in these patients would correlate to cognitive 
changes.

Volumetric measurements were automatic, therefore not 
operator dependent, using a reproducible and accurate soft-
ware [12]. The control population was not matched for sex, 
since we included patients with intracranial meningiomas, 
more frequent in the female population. However, one would 
not expect this to influence the results, since the sex-specific 
changes in brain size with aging are reported mainly for 
cerebrospinal fluid volume, but not for parenchymal struc-
tures [19].

In conclusion, we report increased parenchymal atrophy 
in patients with PmSAH in our cohort, mainly reflected in 
whole brain volume, when compared to a control popu-
lation. Further investigation in larger cohorts is needed 

Table 1  Demographic 
characteristics of the study 
groups

N.a., not applicable

PmSAH group (n = 8) Control group (n = 22)

Age (median, range) 49 (39–65) 58 (43–80)
Sex (%F) 38% 86%
Glasgow coma scale (median, range) 15 (13–15) N.a
World Federation of Neurosurgeons Scale 

(median, range)
I (I) N.a

Modified Fisher scale (median, range) 1.5 (1–3) N.a
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Fig. 1  Comparison of global and segmental volumes at baseline MR, and at follow-up MR in PmSAH patients and controls. Significant reduc-
tions in intracranial (IC), total brain, gray matter (GM), white matter (WM), and hippocampal (hippoc) volumes were found in PmSAH patients
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to confirm our findings and better understand the patho-
physiological mechanisms behind these findings, and their 
relation to the neurocognitive changes that occur after 
PmSAH.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00234- 021- 02804-w.
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