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Abstract
Clinical studies on subarachnoid hemorrhage (SAH) have shown discrepancies between large vessel vasospasm, cerebral
perfusion, and clinical outcome. We set out to analyze the contribution of large vessel vasospasm to impaired cerebral perfusion
and neurological impairment in a murine model of SAH. SAH was induced in C57BL/6 mice by endovascular filament
perforation. Vasospasm was analyzed with microcomputed tomography, cortical perfusion by laser SPECKLE contrast imaging,
and functional impairment with a quantitative neuroscore. SAH animals developed large vessel vasospasm, as shown by
significantly lower vessel volumes of a 2.5-mm segment of the left middle cerebral artery (MCA) (SAH 5.6 ± 0.6 nL, sham
8.3 ± 0.5 nL, p < 0.01). Induction of SAH significantly reduced cerebral perfusion of the corresponding left MCA territory
compared to values before SAH, which only recovered partly (SAH vs. sham, 15 min 35.7 ± 3.1 vs. 101.4 ± 10.2%, p < 0.01;
3 h, 85.0 ± 8.6 vs. 121.9 ± 13.4, p < 0.05; 24 h, 75.3 ± 4.6 vs. 110.6 ± 11.4%, p < 0.01; 72 h, 81.8 ± 4.8 vs. 108.5 ± 14.5%, n.s.).
MCA vessel volume did not correlate significantly with MCA perfusion after 72 h (r = 0.34, p = 0.25). Perfusion correlated
moderately with neuroscore (24 h: r = − 0.58, p < 0.05; 72 h: r = − 0.44, p = 0.14). There was no significant correlation between
vessel volume and neuroscore after 72 h (r = − 0.21, p = 0.50). In the murine SAH model, cerebral hypoperfusion occurs
independently of large vessel vasospasm. Neurological outcome is associated with cortical hypoperfusion rather than large vessel
vasospasm.
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Introduction

Aneurysmatic subarachnoid hemorrhage (SAH) is a form of
hemorrhagic stroke and presents a frequent clinical picture in

neurointensive care [1–3]. While the hemorrhage itself and
associated global cerebral hypoxia induce fatal brain injury
in some patients, clinical outcome in patients surviving the
initial hemorrhagic event is thought to be largely determined
by cerebral hypoperfusion and large vessel vasospasm (CV)
[1–6], which occur in the days and weeks following the bleed-
ing event due to pathophysiological events induced by the
subarachnoid hematoma [4]. However, more recent clinical
studies have reported discrepancies between CV, cerebral hy-
poperfusion, and neurological outcome [7–11], attenuating
the association of CV with an unfavorable outcome.

Similar to the disease in humans, mice develop CV and
impaired cerebral perfusion after experimental induction of
SAH [12–22]. Although these changes occur with faster tem-
poral dynamics in mice than humans—peaking 3 days after
SAH in mice [16, 23, 24] compared to 7 to 10 days in humans
[3]—murine models have become an important tool for basic
research on the pathophysiology of SAH. The majority of
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experimental studies to date have focused on CV [12–20]. By
contrast, little data on cerebral perfusion in mice after SAH
have been published [20]. Furthermore, the relation between
CV, cerebral hypoperfusion, and neurological deficits in mu-
rine SAH models remains unclear despite the fact that, from
the clinical perspective mentioned above [5–10], cerebral hy-
poperfusion may be the most important parameter concerning
unfavorable outcome. Thus, better knowledge of the link be-
tween vasospasm, hypoperfusion, and neurological deficits in
the murine model could benefit future experimental studies. In
the present study, we set out to (i) characterize cerebral perfu-
sion in a murine endovascular filament perforation model of
SAH, (ii) assess the contribution of CV to changes in cerebral
perfusion, and (iii) investigate whether neurological disability
is linked to CVand changes in cerebral perfusion.

Methods

Ethics, Animals, and Housing Conditions

The animal experiments were approved by the responsible
animal care committee (Landesuntersuchungsamt
Rheinland-Pfalz, G12-1-093) and carried out in accordance
with the German Animal Welfare Act (TierSchG). All appli-
cable international, national, and institutional guidelines for
the care and use of animals were followed.

We used male C57BL6 mice (Charles River, Cologne,
Germany; age, 11–14 weeks). No other inclusion or exclusion
criteria were defined. Mice were kept under controlled environ-
mental conditions (12-h dark/light cycle, 23 ± 1 °C, 55 ± 5% rel-
ative humidity) with free access to food (Altromin, Germany) and
water. Body weight was recorded daily as a general marker of
well-being. A neuroscore (0 to 29 points, with 0 indicating no
neurological deficit and 29 indicating severe neurological disabil-
ity) was determined 1 day prior to and 24 and 72 h after SAH or
sham surgery, as previously described [25, 26]. Neuroscores were
determined by an investigator blinded to the treatment.

In a separate set of experiments (data not shown), we ob-
served that (i) mean arterial pressure measured daily before
and 3 days after SAH did not differ significantly between
SAH and sham groups and that (ii) intracranial pressure
(ICP), after its peak during SAH induction, returned to nearly
baseline levels only 3 h post-insult, indicating that cerebral
perfusion pressure was similar between SAH and sham ani-
mals at 3, 24, and 72 h after SAH induction. These findings
were consistent with previous reports [27].

Anesthesia and Murine Model of SAH

Measurements of cerebral perfusion, SAH induction, and
transcardiac perfusion were performed in anesthetized ani-
mals. Anesthesia was induced with 4% (v/v) isoflurane for

1 min and maintained with 2% (v/v) isoflurane in spontane-
ously breathing mice [28]. Body temperature was monitored
and maintained at 37 °C with a heating pad during all proce-
dures. For analgesia, buprenorphine (Indivior, Slough,
Berkshire, UK, 0.1 mg/kg body weight) was injected subcu-
taneously twice daily starting at the time of induction of SAH
or sham surgery. SAH was induced under continuous moni-
toring of ICP, as described previously [28]. Animals were
randomized to the SAH or sham group prior to surgery.

Laser SPECKLE Contrast Imaging (LSCI)

We used a laser perfusion imager (MoorFLPI-2-blood flow
imager, Cologne, Germany) to visualize cerebral cortical per-
fusion of the whole convexity through the intact calvaria be-
fore induction of SAH and after 15 min, 3, 24, and 72 h. The
animal’s skull was immobilized in a stereotaxic frame
(Stoelting CO., IL, USA). A midline incision was made to
expose the calvaria. Perfusion images and corresponding pho-
tographs were acquired every second for 60 s. After these
measurements, the skin was closed using prolene 6.0
(Ethicon, Norderstedt, Germany). Figure 1 illustrates the ex-
perimental setting.

Analysis of Cerebral Perfusion of the Left MCA
Territory

LSCI data were evaluated using Moor review software
(moorFLPI Full-Field Laser Perfusion Imager Review
Version 4.0). A mean image was calculated from the 60 per-
fusion images. Mean flux values were determined from a re-
gion of interest (ROI) of 7 mm2 placed on the vascular terri-
tory of the leftMCA [29] (see Fig. 1). Perfusion was evaluated
by an investigator blinded to the treatment.

Perfusion, Intravascular Casting, Microcomputed
Tomography (Micro-CT) of Murine Brains,
and Volumetric Analysis of CV

After LSCI measurement 72 h after SAH, animals were
sacrificed by a perfusion casting procedure with a radiopaque
compound (Microfil MV-122, Flow Tech Inc., Carver,
Massachusetts, USA), as previously described [28, 30].
Brain samples were scanned with a micro-CT (μCT40,
Scanco Medical AG, Brüttisellen, Switzerland) with power
settings of 70 kVp and 114 μA and a voxel size of 20 μm.
Resulting DICOM data were imported to Amira® software,
version 5.4.2 (FEI Visualization Sciences Group, Hillsboro,
OR, USA). The intracranial vascular tree was reconstructed
and the vessel volume of a defined 2.5-mm vessel segment of
the MCA distal of the carotid T was calculated as previously
described [28]. Volumetric analysis was selected on the basis
of a methodological study, which compared vessel volumes
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and diameters in mice with SAH-induced vasospasm [28] and
showed that the analysis of vessel diameters can determine
vasospasm-induced vascular changes with a greater sensitivi-
ty. Figure 2 illustrates the method. CV was evaluated by an
investigator blinded to the treatment.

Statistics

Data are presented as mean ± standard error of the mean. The
Mann–Whitney U test was used for statistical testing.
Correlation analysis was calculated using Pearson’s correla-
tion coefficients. The level of p < 0.05 was considered statis-
tically significant. Group sizes were chosen after power anal-
ysis of pilot data (not shown) using Sigma Plot version 12.5
(Systat Software Inc., San Jose, CA, USA) with alpha of 0.05,
power of 0.8, and expected differences standard deviations in
vessel volumes of 0.003 ± 0.002 μL and in perfusion values of
25 ± 15% between SAH and sham groups.

Results

Murine Model of SAH

Fifteen animals were included. Five were assigned to the sham
group and ten to the SAH group. Two SAH animals died (days
1 and 3 after SAH) and were thus excluded from analysis.
Mean duration of surgery was similar between SAH and sham
groups (SAH, 35.8 ± 3.0 min; sham, 37.0 ± 3.2 min). Baseline
ICP was not significantly different between SAH and sham
animals (SAH, 9.3 ± 1.8 mmHg; sham, 12.0 ± 2.6 mmHg).
SAH induction resulted in a sharp increase in ICP with a peak
at 71.8 ± 3.5 mmHg, whereas, during vascular insertion of the
filament during sham surgery, we observed an ICP of 13.2 ±
2.1 mmHg. Loss of body weight was not significantly differ-
ent between SAH and sham animals (before surgery, SAH
25.1 ± 0.5 g, sham, 26.4 ± 1.1 g; postop day 1, SAH 22.9 ±
0.7 g, sham, 23.8 ± 1.0 g; postop day 2, SAH 21.4 ± 0.7 g,
sham, 22.8 ± 1.2 g; postop day 3, SAH 21.3 ± 0.6 g, sham,

Fig. 1 Determination of cerebral
cortical perfusion. a The
perfusion measurement: The
animal is mounted on a
stereotaxic frame. After the skin
incision, the laser SPECKLE
camera is placed over the animal
to acquire perfusion images. b
The evaluation of cerebral
perfusion (upper image:
photograph, lower image: flux
image visualizing cerebral
cortical perfusion). A region of
interest of 7 mm2 is placed on the
left parietal region to measure
perfusion flux values

Fig. 2 Determination of CV. a, b Determination of cerebral vessel volumes: the cerebrovascular tree is virtually reconstructed from Dicom data after
micro-CT scanning of the brain (a). Afterwards, a defined vessel segment is selected and the vessel volume is calculated as a marker for CV (b)
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22.7 ± 1.4 g). Neuroscores were higher for SAH animals
(SAH vs. sham, 0.4 ± 0.4 vs. 0.0 ± 0.0 (d0); 5.6 ± 0.9 vs. 2 ±
0.4 (d1); 9.3 ± 1.6 vs. 5.8 ± 1.5 (d3)), although the difference
reached statistical significance (p < 0.05) only on day 1. All of
the SAH animals, but none of the sham animals, showed a
subarachnoid hematoma.

SAH Causes Cerebral Hypoperfusion

Flux values determined before induction of SAH were similar
between SAH and sham animals. Induction of SAH induced a
significant decrease in cortical perfusion in SAH animals
compared to values before SAH (SAH, 35.7 ± 3.1%, sham,
101.4 ± 10.2%, p < 0.01). In SAH animals, perfusion partly
recovered after 3, 24, and 72 h but remained significantly
lower compared to that in sham (SAH vs. sham, 3 h, 85.0 ±
8.6 vs. 121.9 ± 13.4, p < 0.05; 24 h, 75.3 ± 4.6 vs. 110.6 ±
11.4%, p < 0.01; 72 h, 81.8 ± 4.8 vs. 108.5 ± 14.5%, n.s.;
Fig. 3).

SAH Induces Vasospasm

We assessed CV after perfusion and casting of the mice 72 h
after SAH or sham surgery. This time point was selected to
determine the impact on cortical perfusion at the peak of CV
[16, 23, 24]. We analyzed the vessel volume of a 2.5-mm
vessel segment of the left MCA distal of the carotid T, which
is a highly sensitive parameter for evaluating vasospasm [28].
Vessel volumes of the left MCA were significantly lower in
SAH animals compared to sham animals (SAH, 5.6 ± 0.6 nL;
sham, 8.3 ± 0.5 nL, p < 0.01), indicating CVin the SAH group
(Fig. 4).

Correlation of Cerebral Perfusion, Vasospasm,
and Neuroscore

Cerebral perfusion was determined in a ROI representing
the vascular territory of the left MCA [29, 31]. To assess
the influence of vasospasm on cerebral perfusion, we cor-
related vessel volumes of sham operated animals (normal
vessel diameter) and SAH animals (vasospasm) with cor-
tical perfusion images on day three. There was no signif-
icant correlation between the parameters (r = 0.34, p =
0.25). Interestingly, in some cases, pronounced MCA va-
sospasm was not associated with cortical hypoperfusion
of the MCA territory (Fig. 4). To assess whether impaired
cerebral perfusion and vasospasm were linked to neuro-
logical disability, we correlated cerebral perfusion with
the corresponding neuroscore. There was a moderate cor-
relation of perfusion with neuroscore (24 h: r = − 0.58, p
< 0.05; 72 h: r = − 0.44, p = 0.14), which, however, did
not reach statistical significance at 72 h (Fig. 3). There

was no significant correlation between vessel volume and
neuroscore (r = − 0.21, p = 0.50, Fig. 4).

In the next step, we used SAH data alone to determine if
vessel diameter was correlated with cortical perfusion in ani-
mals with vasospasm to determine if differences in degree of
vasospasm resulted in alterations of cortical perfusion. In this
data set, no correlation between vasospasm, perfusion, and
neuroscore was present. However, the power to assess this
relationship may have been limited by the small group size
and relatively high homogeneity in vessel volume between
SAH animals.

Discussion

To the best of our knowledge, this study was the first to ana-
lyze the relationship between CV, cerebral perfusion, and neu-
rological impairment in a murine model of SAH. We deter-
mined cortical cerebral perfusion of the whole convexity
through the intact calvaria using laser SPECKLE contrast im-
aging. In this way, we were able to analyze the course of
cerebral perfusion at several time points within the first 72 h
of SAH induction and to correlate perfusion of the MCAvas-
cular territory with CV of the MCA and quantitative
neuroscore. The most important findings of our study are (i)
the lack of a clear correlation between CV and perfusion or
neuroscore and (ii) the correlation between cortical perfusion
and neuroscore, which became weaker at later time points.
Taken together, these data indicate that factors other than
CV play a major role in the alteration of cerebral perfusion
after SAH, and that local cerebral malperfusion, rather than
CV, determines neurological impairment.

In human patients, CV typically occurs within 14 days of
SAH. As CV can lead to cerebral infarction, it is thought to be
associated with a poor outcome [1–3]. Therefore, CV has
become a key target of novel pharmaceutical agents in recent
years. However, a number of studies achieved reduction of
angiographic vasospasm without the expected improvement
of clinical outcome [7–11]. In contrast, a study with
nimodipine [32] achieved significant improvement in out-
comes without significant changes in rate of CV. The interpre-
tation of these findings is complicated because, in a clinical
setting, factors such as adverse effects of pharmaceutical
agents or rescue therapies could conceal the beneficial effect
of amelioration of CV. Nevertheless, these clinical data imply
that factors other than CV play an important role in outcome.
Taking our experimental observations into account, neurolog-
ical impairment appears to be linked to local changes in per-
fusion rather than to large vessel vasospasm of, for example,
the MCA. Another important aspect of our study is that neu-
rological impairment more weakly correlated with cortical
perfusion at 72 h compared with that at 24 h. This could
indicate that with increasing time after SAH, the role of
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cortical perfusion as a key driver of neurological disability
declines. This is in line with clinical studies [4, 5], which have
shown the high relevance of cerebral hypoperfusion early after
SAH for unfavorable outcome. Therefore, future SAH treat-
ment research should focus on causes of and strategies for
cerebral perfusion, starting at an early time point after the
bleeding event.

CV depicted on the angiogram is one factor, but not the
primary factor, contributing to cerebral hypoperfusion.
Studies conducted in recent years have identified additional

factors that can occur independently of CVand impair cerebral
microcirculation. In an autopsy series, Stein et al. observed
microthrombi in patients after SAH [33]. In another study,
Uhl et al. [34] described narrowing of microvessels early after
SAH. These pathological changes at the level of microvessels
were also recently described in a murine SAH model [21, 22].
Given that cerebrovascular resistance is primarily determined
by vasoconstriction of microvessels [35], narrowing and
thrombosis of microvessels has the potential to markedly af-
fect cerebrovascular resistance and perfusion independently of

Fig. 3 SAH induces cerebral hypoperfusion. aAn anatomical image and representative perfusion images of the same animal before SAH and 15 min, 3,
24, and 72 h after SAH. b, c The course of cerebral perfusion after SAH and sham surgery. Note that perfusion is significantly impaired after SAH
compared to sham (*p < 0.05, **p < 0.01).
d, e The correlation between cerebral perfusion and neuroscore at 24 and 72 h
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CV. Therefore, we assume that increased cerebrovascular re-
sistance caused by changes at the level of the microcirculation
is the most likely factor responsible for cerebral
hypoperfusion.

Finally, we want to address the limitations of this study.
Cerebral perfusion is dependent on cerebral perfusion pres-
sure. In line with data by Feiler et al. [27], we determined
the two key factors of intracranial pressure and arterial blood
pressure in a separate set of animals and did not find signifi-
cant differences at days one and three after SAH. To limit the
distress imposed upon the animals, we did not perform these
analyses in the current study and so cannot present ICP and
blood pressure data. We therefore cannot rule out the possibil-
ity that low cerebral perfusion pressure contributed to im-
paired cortical perfusion. Secondly, we measured cortical per-
fusion at different time points, whereas vasospasm was only
determined 72 h after SAH. In addition, perfusion was exam-
ined in vivo, whereas vasospasm was analyzed ex vivo. The
time point of 72 h was chosen because our data and other
studies have reported that vasospasm peaks 72 h after induc-
tion of SAH in the murine endovascular filament perforation
model [16, 23, 24]. Although we cannot rule out that a

correlation between vasospasm and cortical perfusion may
have been present at earlier time points, the lack of correlation
at 72 h indicates that large vessel vasospasm is of limited
relevance in the murine model. Third, it should be noted that
perfusion levels exceeded the preoperative value after 3, 24,
and 72 h in the sham group. These changes are most likely
related to the isoflurane anesthesia, which is reported to have a
cerebral vasodilatory effect [36]. It is therefore important to
mention that the experimental conditions were similar be-
tween SAH and sham groups in this study. Finally, we only
examined whether cortical perfusion correlated with vessel
volume using sham animals for normal vessel diameter and
SAH for vasospasm. Our study does not allow conclusions on
whether different degrees of SAH-induced vasospasm corre-
late with hypoperfusion or neurological impairment.
Although there are differences between the SAH animals,
the model used here is designed to produce hemorrhage with
high reproducibility. A larger number of animals would be
required to assess correlations within the SAH group.

One last note of caution is warranted. Our data imply that
CV is only of minor importance with regard to cerebral per-
fusion and neurological impairment in the murine model,

Fig. 4 CVand cerebral perfusion after SAH. a Vessel volumes of a 2.5-
mm segment of the MCA distal of the carotid T after SAH and sham
surgery. Note that the vessel volumes are significantly lower in SAH
animals, indicating CV. b, c The correlation of MCA vessel volume

with perfusion and neuroscore. d, e Exemplarily show the reconstructed
vascular tree and cerebral perfusion in a sample without CV (d) and with
CV (e), in which CV was not associated with impaired perfusion

324 Transl. Stroke Res. (2019) 10:319–326



References

1. Steiner T, Juvela S, Unterberg A, Jung C, Forsting M, Rinkel G, et
al. European Stroke Organization guidelines for the management of
intracranial aneurysms and subarachnoid haemorrhage.
Cerebrovasc Dis. 2013;35(2):93–112. https://doi.org/10.1159/
000346087.

2. Diringer MN, Bleck TP, Claude Hemphill J 3rd, Menon D, Shutter
L, Vespa P, et al. Critical care management of patients following
aneurysmal subarachnoid hemorrhage: recommendations from the

Neurocritical Care Society’s Multidisciplinary Consensus
Conference. Neurocrit Care. 2011;15(2):211–40. https://doi.org/
10.1007/s12028-011-9605-9.

3. Connolly ES, Jr., Rabinstein AA, Carhuapoma JR, Derdeyn CP,
Dion J, Higashida RT, Hoh BL, Kirkness CJ, Naidech AM,
Ogilvy CS, Patel AB, Thompson BG, Vespa P, American Heart
Association Stroke C, Council on Cardiovascular R, Intervention,
Council on Cardiovascular N, Council on Cardiovascular S,
Anesthesia, Council on Clinical C. Guidelines for the management
of aneurysmal subarachnoid hemorrhage: a guideline for healthcare
professionals from the American Heart Association/american
Stroke Association. Stroke. 2012;43(6):1711–37. https://doi.org/
10.1161/STR.0b013e3182587839.

4. Macdonald RL. Delayed neurological deterioration after subarach-
noid haemorrhage. Nat Rev Neurol. 2014;10(1):44–58. https://doi.
org/10.1038/nrneurol.2013.246.

5. Kamp MA, Heiroth HJ, Beseoglu K, Turowski B, Steiger HJ,
Hanggi D. Early CT perfusion measurement after aneurysmal sub-
arachnoid hemorrhage: a screening method to predict outcome?
Acta Neurochir Suppl. 2012;114:329–32. https://doi.org/10.1007/
978-3-7091-0956-4_63.

6. Schubert GA, Seiz M, Hegewald AA, Manville J, Thome C. Acute
hypoperfusion immediately after subarachnoid hemorrhage: a xe-
non contrast-enhanced CT study. J Neurotrauma. 2009;26(12):
2225–31. https://doi.org/10.1089/neu.2009.0924.

7. Pearl JD, Macdonald RL. Vasospasm after aneurysmal subarach-
noid hemorrhage: need for further study. Acta Neurochir Suppl.
2008;105:207–10.

8. Macdonald RL, Higashida RT, Keller E, Mayer SA, Molyneux A,
Raabe A, et al. Randomized trial of clazosentan in patients with
aneurysmal subarachnoid hemorrhage undergoing endovascular
coiling. Stroke. 2012;43(6):1463–9. https://doi.org/10.1161/
STROKEAHA.111.648980.

9. Macdonald RL, Kassell NF, Mayer S, Ruefenacht D, Schmiedek P,
Weidauer S, et al. Clazosentan to overcome neurological ischemia
and infarction occurring after subarachnoid hemorrhage
(CONSCIOUS-1): randomized, double-blind, placebo-controlled
phase 2 dose-finding trial. Stroke. 2008;39(11):3015–21. https://
doi.org/10.1161/STROKEAHA.108.519942.

10. Macdonald RL, Higashida RT, Keller E, Mayer SA, Molyneux A,
Raabe A, et al. Randomised trial of clazosentan, an endothelin
receptor antagonist, in patients with aneurysmal subarachnoid hem-
orrhage undergoing surgical clipping (CONSCIOUS-2). Acta
Neurochir Suppl. 2013;115:27–31. https://doi.org/10.1007/978-3-
7091-1192-5_7.

11. Etminan N, Vergouwen MD, Ilodigwe D, Macdonald RL. Effect of
pharmaceutical treatment on vasospasm, delayed cerebral ischemia,
and clinical outcome in patients with aneurysmal subarachnoid
hemorrhage: a systematic review and meta-analysis. J Cereb
Blood Flow Metab. 2011;31(6):1443–51. https://doi.org/10.1038/
jcbfm.2011.7.

12. Altay T, Smithason S, Volokh N, Rasmussen PA, Ransohoff RM,
Provencio JJ. A novel method for subarachnoid hemorrhage to
induce vasospasm in mice. J Neurosci Methods. 2009;183(2):
136–40. https://doi.org/10.1016/j.jneumeth.2009.06.027.

13. Froehler MT, Kooshkabadi A, Miller-Lotan R, Blum S, Sher S,
Levy A, et al. Vasospasm after subarachnoid hemorrhage in hapto-
globin 2-2 mice can be prevented with a glutathione peroxidase
mimetic. J Clin Neurosci. 2010;17(9):1169–72. https://doi.org/10.
1016/j.jocn.2010.04.014.

14. Momin EN, Schwab KE, Chaichana KL, Miller-Lotan R, Levy AP,
Tamargo RJ. Controlled delivery of nitric oxide inhibits leukocyte mi-
gration and prevents vasospasm in haptoglobin 2-2mice after subarach-
noid hemorrhage. Neurosurgery. 2009;65(5):937–45; discussion 945.
https://doi.org/10.1227/01.NEU.0000356974.14230.B8.

Transl. Stroke Res. (2019) 10:319–326 325

suggesting that other factors play a prominent role, like ele-
vated cerebrovascular resistance or microthrombi formation at
the level of microcirculation. However, in contrast to humans,
territorial infarctions as a result of CV after SAH occur only
rarely in mice. This could indicate that, in the murine model,
the contribution of CV to cerebral perfusion is less important,
while the contribution of microcirculatory changes is more
important, compared to human cases. Furthermore, in a clin-
ical setting, aggressive treatment of CV may be the only op-
tion to improve cerebral hypoperfusion in cases of threatening
cerebral infarction [1–3]. Therefore, although our findings un-
derline the importance of future research efforts towards ame-
lioration of cerebral perfusion by targeting CV-independent
mechanisms, CV monitoring and, in some cases, aggressive
treatment of CV remain a cornerstone of SAH therapy.
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