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Mechanisms of memory impairment in animal models of
nontraumatic intracranial hemorrhage: A systematic review of
the literature

Catherine Peterson’,
Alexis O. Umoye,
Chloe H. Puglisi,
Ben Waldau

Department of Neurological Surgery, University of California Davis, 4860 Y St., Suite 3740,
Sacramento, CA 95817, United States

Abstract

Mechanisms underlying memory and cognitive dysfunction following spontaneous intracranial
hemorrhage are diverse. The aim of this systematic review was to provide a contemporary
review of the commonly reported mechanisms responsible for memory impairment following
nontraumatic intracranial hemorrhage. PubMed, Embase, and Scopus databases were
systematically searched for pre-clinical studies, and results were reported according to PRISMA
guidelines. Methodological quality assessment was performed according to the SYRCLE’s
Risk of Bias tool. Ninety studies met the inclusion criteria. Most of animal studies reported

on subarachnoid hemorrhage (48%), followed by intraparenchymal hemorrhage (44%), and
intraventricular hemorrhage (8%). Most of subarachnoid hemorrhage studies (30%) reported
neuronal apoptosis as a mechanism for memory dysfunction, whereas the most commonly
described mechanism following intraparenchymal hemorrhage (40%) and intraventricular
hemorrhage (23%) was a proinflammatory response. Based on SYRCLE’s Risk of Bias
assessment, the average methodological risk of bias of all studies was 56.83 + 12.77% on

a 0-100% scale. There is a great need not only for more preclinical studies with improved
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methodology, but also for studies reporting negative treatment effects and for multicenter animal
studies. In vivo studies on non-rodent animal ICH models can also be helpful.

Keywords

Animal studies; Intracranial hemorrhage; Intraparenchymal hemorrhage; Intraventricular
hemorrhage; Memory; Subarachnoid hemorrhage

1. Introduction

Hemorrhagic and ischemic stroke are two main types of cerebrovascular accidents.
Spontaneous nontraumatic intracranial hemorrhage (ICH) represents only 10-15% of all
strokes, but is associated with substantial morbidity and mortality.! The annual incidence

of ICH is approximately 28 per 100,000, but is believed to be underdiagnosed and hence
underestimated. The prognosis following hemorrhagic stroke is poor with an estimated ten-
year survival rate of only 24.1%.2 The most important risk factors for spontaneous ICH are
age and arterial hypertension, occurring in 50-70% of patients. Hypertension is associated
with deep cerebral and brainstem ICH and to a lesser extent with lobar hemorrhages.?
Some of the long-term impairments that develop following ICH are cognitive and memory
deficits, which are reported in as high as 44% of survivors of ICH.* As of now, there are

no FDA-approved therapies on the market that improve functional and memory outcomes in
survivors of ICH, thus the need for such therapies is unprecedented.® Translational research
focusing on elucidating the link between ICH and delayed memory dysfunction is critical in
order to develop future therapeutic options for these patients.

No recent systematic review investigating mechanisms and associations between
experimental nontraumatic ICH and subsequent memory and cognitive dysfunction has

been performed. Thus, the aim of this study was to conduct a thorough contemporary

review of the available evidence in the literature as well as summarize the proposed
mechanisms and to assess the quality of research supporting these findings. The authors
were interested in studying the commonly reported mechanisms for memory dysfunction in
animal models following nontraumatic ICH, which comprises intraparenchymal hemorrhage
(IPH), subarachnoid hemorrhage (SAH), and intraventricular hemorrhage (IVH). Our main
outcomes measures in this study included identified mechanisms of memory impairment

for each subgroup of spontaneous hemorrhage. Additionally, since elevated intracranial
pressures (ICPs) are not infrequently observed in the clinical setting during all three types
of nontraumatic ICH, the authors were also interested in investigating whether ICPs are
implicated in memory dysfunction following nontraumatic ICH. Knowledge of the pathways
involved in the development of memory dysfunction after nontraumatic ICH may aid in
finding targeted therapies for patients who survive hemorrhagic stroke in the near future.
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2. Materials and methods

2.1. Search strategy

The search strategy in this systematic review was conducted and reported according to the
Preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines.®
The authors performed comprehensive search of PubMed/MEDLINE, Embase, and Scopus
databases on October 18th of 2020. Key words such as “intracranial hemorrhage”

OR “intracerebral hemorrhage” OR “intraventricular hemorrhage” OR “subarachnoid
hemorrhage” OR “intraparenchymal hemorrhage” OR “brain hemorrhage” AND “Memory”
OR “memory decline” OR “cognition” OR “cognitive deficits” OR “cognitive decline” were
used for the search strategy (Table 1). The references of eligible studies were also checked
for additional articles not identified by the initial electronic search.

2.2. Study eligibility

All the collected records were imported into Covidence where screening of eligible studies
by two independent reviewers (C.P. and A.0.U.) was performed.’ Screening of studies was
first done by title and abstract followed by full text review, and any disagreements were
resolved by discussion amongst the two independent reviewers. Results were limited to pre-
clinical (in vivo) animal studies. In vivo studies had to be original, with full text available in
English language, and had to report on nontraumatic experimental ICH as well as outcomes
of memory and/or cognitive testing in animals following the induction of ICH. Studies
involving nontraumatic IPH, IVH, and SAH were included, whereas studies involving
traumatic brain injury (TBI) animal models, epidural hematomas, subdural hematomas,

and other traumatic injuries were excluded. Duplicate studies, in vitro studies, case reports,
commentaries, conference abstracts, editorials, letters, reviews, systematic reviews, meta-
analyses, non-English language studies, and those pertaining to human subjects were
excluded. Studies that did not report specific memory and cognition-specific behavioral
test outcomes in animals were also excluded from this systematic review.

2.3. Risk of bias assessment

For the critical appraisal, two reviewers (C.P. and A.O.U.) performed screening, independent
review, data extraction and analysis of all eligible articles. The risk of bias assessment

of each study was independently performed according to the SYRCLE’s Risk of Bias

tool for experimental animal studies.8 The following SYRCLE’s Risk of Bias ten
methodological domains were evaluated by each reviewer: “Was the allocation sequence
adequately generated and applied?’, “Were the groups similar at baseline or were they
adjusted for confounders in the analysis?’, “Was the allocation to the different groups
adequately concealed?’, “Were the animals randomly housed during the experiment?’, ‘Were
the caregivers and/or investigators blinded from knowledge regarding which intervention
each animal received during the experiment?’; “Were animals selected at random for
outcome assessment?’, ‘Was the outcome assessor blinded?’; “Were incomplete outcome
data adequately addressed?’; ‘Are reports of the study free of selective outcome reporting?’;
‘Was the study apparently free of other problems that could result in high risk of bias?’ The
domains were scored with ‘yes’ (low risk of bias); ‘no’ (high risk of bias); or “‘unclear’ (the
item was not reported and thus unknown risk of bias). Any differences of opinion between
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the two reviewers were resolved via discussion and reaching consensus. For risk of bias
assessment specifically, if one of the reviewers rated a study lower than the other reviewer,
the lower score was used for final analysis if that reviewer was able to present valid evidence
for such.

2.4. Data extraction

Information such as year of publication, total number of animals used, species strain,
mechanism of memory and cognitive impairment following experimental ICH, and type of
ICH was independently collected from each study by two reviewers (C.P. and A. O.U.), and
any conflicts were resolved via discussion and reaching consensus. Covidence was used for
screening, while a standardized computerized spreadsheet was used to collect the data.

2.5. Additional analyses

For further analysis, a total quality assessment score was developed to assess the quality

of evidence in the literature supporting each reported mechanism of memaory decline after
ICH. The total quality assessment score was calculated as the sum of mean risk of bias for
the studies reporting a specific mechanism or association, mean number of studies reporting
that mechanism, and mean number of animals used in those studies. Higher the total quality
assessment score correlated with higher quality of available evidence in the literature for a
specific mechanism.

3. Results

3.1. Study characteristics and types of reported mechanisms

A total of 1,882 records were identified with 614 records in PubMed/MEDLINE, 858
records in Embase, and 410 records in the Scopus database (Fig. 1). After duplicates were
removed and the records were initially screened by title and abstract, 196 full text articles
were then assessed for eligibility. No additional articles were identified by searching through
the references lists. After full text review of the 196 studies, 90 pre-clinical animal studies
were able to be included in the final systematic review. Publication year, total animal
number, species strain, and mechanism of memory decline after ICH were collected (Table
2).9-98 plurality of studies were published in 2019 (Fig. 2). Most common species strain
used was Sprague-Dawley rats (61.1%), and plurality of animal studies reported on SAH
(48%), followed by IPH (44%), and IVH (8%) (Fig. 3). The experimental animal model
technique as well as hematoma volume varied across literature. All eligible studies also had
to report on the memory and cognitive testing outcomes following ICH, which involved
Morris water maze test in almost all of the studies. Amongst the studies pertaining to IPH
animal models, the most commonly reported mechanism for possible memory dysfunction
was proinflammatory response (40%) (Fig. 4A). For SAH, the most commonly described
mechanism was hippocampal neuronal apoptosis (30%) (Fig. 4B). And for IVH animal
models, the most frequent reported mechanisms in the literature were proinflammatory
response and oxidative stress (both 23%) (Fig. 4C).
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3.2. Risk of bias assessment of studies

Methodological risk of bias and quality assessment was performed according to the
SYRCLE’s Risk of Bias tool for each study (Table 3). Each of the ten domains in the
SYRCLE’s Risk of Bias tool was given either 5 or 10 points if low risk of bias was
determined. The cumulative scores were then calculated on a 0-100% scale. Minimal
selective outcome reporting and baseline similarity of groups were two domains with lowest
risk of bias, whereas lack of random animal housing and failure of concealment of allocation
into different groups were two domains with highest risk of bias amongst all the studies (Fig.
5). Mean methodological risk of bias across all studies was 56.83 + 12.77% on a 0-100%
scale, and we found no studies that addressed all ten of SYRCLE’s Risk of Bias guidelines
successfully (Fig. 6).

Further analysis was performed to investigate the quality of evidence for each of the
commonly reported mechanisms found to be responsible for memory and cognitive
dysfunction after experimental ICH. For this, a total quality assessment score was calculated
by adding mean number of studies for each mechanism, mean number of animals used

in those studies, and mean risk of bias score for those studies. Based on these metrics,

we found that oxidative stress, neuronal apoptosis, and cerebral edema were the top three
mechanisms with greatest quality of supporting evidence in the current literature (Fig. 7).

3.3. Therole of elevated ICP and hydrocephalus

The authors herein hypothesized that increased ICP may be associated with memory
dysfunction that occurs after nontraumatic IPH, SAH, and IVH®8, However, we found that
there is actually limited evidence in the current literature pertaining to this.28:36:59 Only

a handful of studies out of 90 studies included in this systematic review reported on the
possible underlying role of hydrocephalus and increased ICPs and hydrocephalus in memory
decline. For example, Kamal et al demonstrated that I\VH in a rat animal model causes
significant deficits in spatial memory acquisition and retention during Morris Water Maze
compared to sham animals.3® That study suggested that the mechanism of the memory
decline may arise from mechanical injury in the form of a rapid spike in ICPs during

their blood hand injections. Similarly, Qi et al found that I\VH induced hydrocephalus and
memory deficits in rats.> They propose that the space-occupying effect of blood in the
ventricles causes obstructive hydrocephalus, which results in increased ICPs.5° And with
respect to SAH animals, Hu et al demonstrated that hydrocephalus exacerbates neurological
deficits as well as memory dysfunction following SAH in rats induced by endovascular
perforation.28 There were no IPH animal studies in our systematic review that reported on
hydrocephalus and ICPs as drivers for memory dysfunction after IPH. Additionally, there
were not studies that monitored ICPs during experimental hemorrhage.

3.4. Reported mechanisms of memory dysfunction in IPH animal models

The most reported mechanism of memory dysfunction following IPH in animal models
considered in this review was neuroinflammatory cascade (Fig. 4A). We found a significant
number of studies describing the implication of inflammatory cascade of events in secondary
brain injury after IPH and in the development of subsequent memory and cognitive decline.
Proinflammatory cytokines such as interleukin-1p (IL-1p), IL-6, and tumor necrosis factor-
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a are important members of the inflammatory cascade, whereas IL-4, IL-10, and tumor
necrosis factor- have anti-inflammatory mechanism and may play a neuroprotective role.52
For example, Krafft et al describe how IPH cause the release of proinflammatory cytokines
via M1 microglial activation38. Additionally, Ding et al reported that IPH activates p38
MAPK resulting in PLA2 and conversion of products by COX-2 into proinflammatory
prostaglandins®®. Inhibiting the activation of neuroinflammatory series of events induced by
IPH may serve as a target for alleviating post-IPH cognitive and memory dysfunction, and
various studies have already demonstrated this finding.

3.5. Reported mechanisms of memory dysfunction in SAH animal models

We found the majority of SAH animal models reported neuronal apoptosis as the underlying
mechanism of memory dysfunction (Fig. 4B). We found 16 studies that demonstrated a

link between neuronal apoptosis and development of memory and cognitive dysfunction
following SAH in animal models. Various molecular mechanisms that may underly neuronal
apoptosis have been investigated in the literature. For example, Dong et al reported increased
expression of HIF-a, a regulator of hypoxia, and apoptosis in the hippocampus following
SAH19, Feng et al showed that early brain injury from SAH in rats induces neuronal
apoptosis by activating the Ras/Raf/extracellular signal-regulated kinase (Erk) signaling
pathway and phosphorylating p53 tumor suppressor protein in hippocampus.2! Conversely,
inhibiting the activity of Erk results in decreased hippocampal neuronal apoptosis and
improvement of cognition in these rats. The Ras/Raf/ERK pathway is well known to play a
key role in apoptosis in cerebral ischemia, stroke and various neurodegenerative disorders. It
is no surprise that the Ras/Raf/Erk/p53 pathway is involved also in neuronal apoptosis, and
perhaps targeting this signaling pathway may be serve as a potential target for the treatment
of SAH-induced memory and cognitive decline.?!

3.6. Reported mechanisms of memory dysfunction in IVH animal models

The most common mechanisms underlying memory dysfunction in studies using the IVH
model were proinflammatory response and oxidative stress (Fig. 4C). We found three animal
studies mentioning the role of oxidative stress in IVH-induced memory and cognitive
dysfunction, and three studies reporting on neuroinflammation as an association. 1VH
induces oxidative stress by promoting lipid peroxidation, reducing the activity of glutathione
peroxidase and superoxide dismutase, increasing nitric oxide levels, and activating free
radical generation in hippocampus, hence agents that can suppress this can serve as potential
therapeutic targets for alleviation of memory dysfunction after ICH. Rajdev et al report

that I'VH caused both an increase in oxidative stress evidenced by higher lipid peroxidation-
MDA levels, and a proinflammatory response via TNF-a, IL-18, and 1L-10.52 Similarly,
Jiang et al showed an increased count of microglial cells, which can be activated by Ab, in
the hippocampus of IVH groups.34

4. Discussion

Cognitive and memory dysfunction following spontaneous ICH is a well-known
consequence. Before therapies can be tested in humans, conducting quality pre-clinical
animal research is essential. With respect to outcomes, behavior, learning and memory
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decline, diminished cognition, and cell death are some of the most common end points
tested in ICH studies. Of the behavioral tests, the neurological deficit score and forelimb
placing are the most widely used. Behavioral tests of cognitive and memory dysfunction,
most commonly utilizing Morris water maze, are less common in general. 190

This systematic review focused on most commonly reported mechanisms underlying
memory impairment in animal models of nontraumatic ICH in the current literature.

We found that majority of IPH animal models report on proinflammatory response as

the possible culprit for memory dysfunction. For SAH, the most implicated mechanism

for memory decline was hippocampal neuronal apoptosis. Activation of the Ras/Raf/
pathway in the hippocampus as well as increased expression of hippocampal HIF-a

are potential mechanisms leading to cell death and further observed cerebral infarction

and larger memory and cognitive deficits after ICH. Studies using I'VH models suggest
proinflammatory response and oxidative stress cause memory dysfunction. Promoting

lipid peroxidation, free radical generation in the hippocampus, and overall mitochondrial
dysfunction via oxidative stress may account for reduced neuronal activity and signaling and
hence observed learning decline post ICH.30:62 Interestingly, hydrocephalus and mechanical
injury were only reported by three animal studies based on our systematic review.28:36.59

In this study, the authors also sought out to find animal studies that reported on
hydrocephalus and increased ICPs as possible drivers for memory dysfunction after
nontraumatic ICH. However, to our surprise, we only found a handful of studies that
reported on this mechanism.28:36:59 We also did not find any studies included in this
systematic review that objectively measured ICPs during the induction of experimental
intracranial hemorrhage. Studies measuring ICPs during experimental hemorrhage are not
common in general.193-105 Measuring and monitoring ICPs during nontraumatic ICH can be
possible as seen with other ICH animal studies, most of them focusing on SAH.104-105

For example, studies by Conzen et al and Westermaier et al measured ICPs in rats

during acute phase of SAH with sensor probes positioned in the subarachnoid space

and intraparenchymal space, respectively.194-105 These studies were not included in this
systematic review as they do not focus on memory impairment following ICH, however,
they do demonstrate that direct ICP monitoring during ICH is possible. We think that an
intraventricular, subarachnoid, or intraparenchymal sensor may be used for this purpose. The
main challenge with using ICP monitoring in rodent models is the accuracy and precision
of sensor used. The pressure sensor would have to detect small precise pressure changes of
at least one millimeter of mercury in order to provide valid information. While there are
many factors known to contribute to memory decline following nontraumatic brain injury,
prolonged and elevated ICP may be a strong predictor of this negative trend. For example,

a clinical study by Badri et al reported a significant difference between elevated ICP patient
group and reduced performance on episodic memory and learning tasks compared to the
low ICP group at a six-month post-injury assessment.191 Additionally, Uzzell et al found
that patients with elevated ICP had significantly worse memory function, specifically verbal
recall, and exhibited general memory impairment overall.104 We believe that the number

of animal studies reporting on this mechanism are underrepresented and future research
should focus on elucidating the role of elevated ICPs in memory impairment following
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nontraumatic ICH. Specifically, studies that test memory impairment following ICH with
simultaneous ICP measurements can be helpful.

Additionally, we investigated the quality of the preclinical evidence herein and found it

to be limited as some degree of methodological bias was present in all studies. Only a
handful of studies address the essential methodological details. Like our results, a review by
MacLellan et al found many key issues with pre-clinical ICH literature.%® First, a significant
portion of published studies tend to report only positive treatment effects, emphasizing the
presence of publication bias. Second, many studies do not report methodological details
such as animal randomization into experimental groups. There are key experimental design
issues and great diversity amongst the methodology and outcomes of the studies, making it
difficult to validate and compare results.%° Furthermore, current pre-clinical evidence is also
not a true reflection of the prevalence of long-term memory and cognitive dysfunction after
nontraumatic ICH in human subjects as studies have demonstrated that learning deficits in
animals significantly diminish as early as eight weeks following experimental ICH in animal
models.200 In order to improve the quality and transparency of research, there is a great need
not only for more preclinical studies with improved methodology, but also for more studies
reporting negative treatment effects and for multicenter animal studies. In vivo studies on
non-rodent animal ICH models can also be helpful as in this systematic review we have not
found any studies focusing on memory impairment after nontraumatic ICH in non-rodent
animals. In particular, preclinical research on primate animals would provide more helpful
information that can be translated to human survivors of nontraumatic ICH.

5. Conclusions

Funding

In conclusion, to our knowledge this is the first systematic review conducted on animal
studies that report on mechanisms of memory impairment after nontraumatic ICH. A

total of 90 studies reporting on experimental nontraumatic ICH and subsequent memory

and cognitive dysfunction confirmed with animal behavioral testing were included in this
systematic review. Neuronal apoptosis was the most commonly implicated mechanism for
memory dysfunction in SAH animal models, whereas neuroinflammatory cascade was

most frequently reported mechanism in IPH and 1VH animal models. We found that a
frequent clinical cause of memory impairment in the setting of ICH, hydrocephalus and
elevated ICPs, were underrepresented in animal studies. According to the SYRCLE’s Risk
of Bias tool, we found no study that was able to address all the guidelines successfully and
overall bias across the studies was significant. As neuronal apoptosis, inflammatory cascade,
oxidative stress, cerebral edema, iron overload, and reduced neuroplasticity are all important
substrates of secondary brain injury resulting in cognitive and memory impairment, finding
therapies that can target these pathways, would be the most optimal therapeutic strategy.
Furthermore, improving the quality of pre-clinical research is essential as it will pave the
path for controlled clinical studies that target memory and cognitive dysfunction in patients
with ICH in the future.

NINDS grant K08105914: Mechanism of memory decline after intraventricular hemorrhage.

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

References
1

Page 9

. Caplan LR. Intracerebral hemorrhage. Lancet. 1992;339:656—658. [PubMed: 1347346]

2. Sacco S, Marini C, Toni D, Olivieri L, Carolei A. Incidence and 10-year survival of intracerebral

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

hemorrhage in a population-based registry. Stroke. 2009;40 (2):394-399. [PubMed: 19038914]

. Ariesen MJ, Claus SP, Rinkel GJE, Algra A. Risk factors for intracerebral hemorrhage in the general

population. A systematic review. Stroke. 2003;34 (8):2060-2065. [PubMed: 12843354]

. Murao K, Rossi C, Cordonnier C. Intracerebral hemorrhage and cognitive decline. Rev Neurol.

2013;169:772-778. [PubMed: 24012409]

. Fiorella D, Zuckerman SL, Khan IS, Ganesh Kumar N, Mocco J. Intracerebral hemorrhage: a

common and devastating disease in need of better treatment. World Neurosurg. 2015;84(4):1136-
1141. [PubMed: 26070633]

. Moher D, Liberati A, Tetzlaff J, et al. PRISMA Group. Preferred reporting items for systematic

reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6:e1000097. [PubMed:
19621072]

. Covidence systematic review software. Veritas Health Innovation, Melbourne, Australia.

www.covidence.org (accessed October 18, 2020).

. Hooijmans CR, Rovers MM, de Vries RBM, et al. SYRCLE’s risk of bias for animal studies. BMC

Med Res Methodol. 2014;14:43. [PubMed: 24667063]

. Altermann CDC, Souza MA, Schimidt HL, et al. Short-term green tea supplementation prevents

recognition memory deficits and ameliorates hippocampal oxidative stress induced by different
stroke models in rats. Brain Res Bull. 2017;131:78-84. [PubMed: 28330650]

.An C, Zhao VY, Liu Y, et al. Effect of BQ123 in early brain injuries caused by subarachnoid
hemorrhage in rats. Int J Clin Exp Med. 2017;10:16531-16539.

Chen B, Chen Z, Liu M, et al. Inhibition of neuronal ferroptosis in the acute phase of intracerebral
hemorrhage shows long-term cerebroprotective effects. Brain Res Bull. 2019;153:122-132.
[PubMed: 31442590]

Chen G, Li Q, Feng D, Hu T, Fang Q, Wang Z. Expression of NR2B in different brain regions
and effect of NR2B antagonism on learning deficits after experimental subarachnoid hemorrhage.
Neuroscience. 2013;231:136-144. [PubMed: 23219940]

Chen T-F, Chen K-W, Chien Y, et al. Dental pulp stem cell-derived factors alleviate subarachnoid
hemorrhage-induced neuroinflammation and ischemic neurological deficits. Int J Mol Sci.
2019;20(15):3747.

Chen Z, Zhang J, Chen Q, et al. Neuroprotective effects of edaravone after intraventricular
hemorrhage in rats. Neuroreport. 2014;25:635-640. [PubMed: 24169603]

Cheon S-H. The effect of a skilled reaching task on hippocampal plasticity after intracerebral
hemorrhage in adult rats. J Phys Ther Sci. 2015;27(1):131-133. [PubMed: 25642056]

Chung DY, Oka F, Jin G, et al. Subarachnoid hemorrhage leads to early and persistent functional
connectivity and behavioral changes in mice. J Cereb Blood Flow Metab. 2021;41(5):975-985.
[PubMed: 32936728]

Del Bigio MR, Jin Yan H, Campbell TM, Peeling J. Effect of fucoidan treatment on collagenase-
induced intracerebral hemorrhage in rats. Neurol Res. 1999;21 (4):415-419. [PubMed: 10406016]

Ding Y, Flores J, Klebe D, et al. Annexin Al attenuates neuroinflammation through FPR2/p38/
COX-2 pathway after intracerebral hemorrhage in male mice. J Neurosci Res. 2020;98:168-178.
[PubMed: 31157469]

Dong Y, Li Y, Feng D, et al. Protective effect of HIF-1a against hippocampal apoptosis and
cognitive dysfunction in an experimental rat model of subarachnoid hemorrhage. Brain Res.
2013;1517:114-121. [PubMed: 23608228]

Duan H, Li L, Shen S, et al. Hydrogen Sulfide Reduces Cognitive Impairment in Rats After
Subarachnoid Hemorrhage by Ameliorating Neuroinflammation Mediated by the TLR4/NF-xB
Pathway in Microglia. Front Cell Neurosci. 2020;14.

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.


http://www.covidence.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 10

Feng D, Wang B, Ma Y, et al. The Ras/Raf/Erk Pathway Mediates the Subarachnoid Hemorrhage-
Induced Apoptosis of Hippocampal Neurons Through Phosphorylation of p53. Mol Neurobiol.
2016;53(8):5737-5748. [PubMed: 26497030]

Feng D, Wang W, Dong Y, et al. Ceftriaxone alleviates early brain injury after subarachnoid
hemorrhage by increasing excitatory amino acid transporter 2 expression via the PI3K/Akt/NF-xB
signaling pathway. Neuroscience. 2014;268:21-32. [PubMed: 24631672]

Fu P, Liu J, Bai Q, et al. Long-term outcomes of monascin - a novel dual peroxisome
proliferator-activated receptor -y/nuclear factor-erythroid 2 related factor-2 agonist in experimental
intracerebral hemorrhage. Ther Adv Neurol Disord. 2020;13:1-8.

Garrett MC, Otten ML, Starke RM, et al. Synergistic neuroprotective effects of C3a and C5a
receptor blockade following intracerebral hemorrhage. Brain Res. 2009;1298:171-177. [PubMed:
19410563]

Guo YC, Song XK, Xu YF, et al. The expression and mechanism of BDNF and NGB in
perihematomal tissue in rats with intracerebral hemorrhage. Eur Rev Med Pharmacol Sci.
2017;21:3452-3458. [PubMed: 28829495]

Guo Z, Hu Q, Xu L, et al. Lipoxin A4 Reduces Inflammation Through Formyl Peptide Receptor
2/p38 MAPK Signaling Pathway in Subarachnoid Hemorrhage Rats. Stroke. 2016;47(2):490-497.
[PubMed: 26732571]

Han Y, Seyfried D, Meng Y, et al. Multipotent mesenchymal stromal cell-derived exosomes
improve functional recovery after experimental intracerebral hemorrhage in the rat. J Neurosurg.
2018;131:290-300. [PubMed: 30028267]

Hu Q, Vakhmjanin A, Li Bo, Tang J, Zhang JH. Hyperbaric oxygen therapy fails to reduce
hydrocephalus formation following subarachnoid hemorrhage in rats. Med Gas Res. 2014;4(1):12.
[PubMed: 25132956]

Hu X, Lv T, Yang SF, et al. Limb remote ischemic post conditioning reduces injury and improves
long term behavioral recovery in rats following subarachnoid hemorrhage: Possible involvement of
the autophagic process. Mol Med Rep. 2018;17:21-30. [PubMed: 29115588]

Huang J, Jiang Q. Dexmedetomidine protects against neurological dysfunction in a mouse
intracerebral hemorrhage model by inhibiting mitochondrial dysfunction-derived oxidative stress. J
Stroke Cerebrovasc Dis. 2019;28 (5):1281-1289. [PubMed: 30797643]

Hwang L, Choi 1Y, Kim SE, et al. Dexmedetomidine ameliorates intracerebral hemorrhage-induced
memory impairment by inhibiting apoptosis and enhancing brain-derived neurotrophic factor
expression in the rat hippocampus. Int J Mol Med. 2013;31:1047-1056. [PubMed: 23503673]
Imperatore C, Germand A, d’Avella D, Tomasello F, Costa G. Effects of the radical scavenger

AVS on behavioral and BBB changes after experimental subarachnoid hemorrhage. Life Sci.
2000;66(9):779-790. [PubMed: 10698353]

Jiang B, Li L, Chen Q, et al. Role of Glibenclamide in Brain Injury After Intracerebral
Hemorrhage. Transl Stroke Res. 2017;8(2):183-193. [PubMed: 27807801]

Jiang C, Zou X, Zhu R, et al. The correlation between accumulation of amyloid beta with enhanced
neuroinflammation and cognitive impairment after intraventricular hemorrhage. J Neurosurg.
2018;131:54-63. [PubMed: 30028260]

Kagerbauer SM, Kadera V, Gordan LM, et al. Influence of sex and hormonal status on initial
impact and neurocognitive outcome after subarachnoid haemorrhage in rats. Behav Brain Res.
2019;363:13-22. [PubMed: 30703399]

Kamal K, Keiter JA, Binyamin TR, et al. Mechanical injury and blood are drivers of spatial
memory deficits after rapid intraventricular hemorrhage. Neurobiol Dis. 2020;145:105084.
[PubMed: 32941979]

Ke D-Q, Chen Z-Y, Li Z-L, Huang X, Liang H. Target inhibition of caspase-8 alleviates

brain damage after subarachnoid hemorrhage. Neural Regen Res. 2020;15(7):1283. [PubMed:
31960814]

Krafft PR, McBride D, Rolland WB, et al. 7 nicotinic acetylcholine receptor stimulation
attenuates neuroinflammation through JAK2-STAT3 activation in murine models of intracerebral
hemorrhage. Biomed Res Int. 2017;2017:1-13.

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 11

Kuramoto Y, Takagi T, Tatebayashi K, et al. Intravenous administration of human adipose-derived
stem cells ameliorates motor and cognitive function for intracerebral hemorrhage mouse model.
Brain Res. 2019;1711:58-67. [PubMed: 30615889]

LeBlanc RH, Chen R, Selim MH, Hanafy KA. Heme oxygenase-1-mediated neuroprotection

in subarachnoid hemorrhage via intracerebroventricular deferoxamine. J Neuroinflammation.
2016;13(1).

Lekic T, Hartman R, Rojas H, et al. Protective effect of melatonin upon neuropathology,

striatal function, and memory ability after intracerebral hemorrhage in rats. J Neurotrauma.
2010;27(3):627-637. [PubMed: 20350200]

Li M, Wang W, Mai H, et al. Methazolamide improves neurological behavior by inhibition of
neuron apoptosis in subarachnoid hemorrhage mice. Sci Rep. 2016;6(1).

Li T, Liu H, Xue H, et al. Neuroprotective Effects of Hydrogen Sulfide Against Early Brain
Injury and Secondary Cognitive Deficits Following Subarachnoid Hemorrhage. Brain Pathol.
2017;27(1):51-63. [PubMed: 26822402]

Li Z, Shui S, Han X, et al. SNAP25 ameliorates cognitive impairment after subarachnoid
hemorrhage in rats. Int J Clin Exp Med. 2018;11:4670-4679.

Liang T, Ma C, Wang T, et al. Galectin-9 promotes neuronal restoration via binding TLR-4 in a rat
intracerebral hemorrhage model. NeuromolMed. 2021;23 (2):267-284.

Ling W-Y, Cui Y, Gao J-L, et al. Long-term chemogenetic activation of M1 glutamatergic neurons
attenuates the behavioral and cognitive deficits caused by intracerebral hemorrhage. Biochem
Biophys Res Commun. 2020;527 (1):22-28. [PubMed: 32446371]

Liu DZ, Waldau B, Ander BP, et al. Inhibition of Src family kinases improves cognitive function
after intraventricular hemorrhage or intraventricular thrombin. J Cereb Blood Flow Metab.
2017;37(7):2359-2367. [PubMed: 27624844]

Liu Y, LiJ, Wang Z, Yu Z, Chen G. Attenuation of early brain injury and learning deficits
following experimental subarachnoid hemorrhage secondary to Cystatin C: possible involvement
of the autophagy pathway. Mol Neurobiol. 2014;49(2):1043-1054. [PubMed: 24203677]

Liu 'Y, Ma C, Li H, et al. Nogo-A/Pir-B/TrkB signaling pathway activation inhibits neuronal
survival and axonal regeneration after experimental intracerebral hemorrhage in rats. J Mol
Neurosci. 2019;69(3):360-370. [PubMed: 31286407]

Liu Y, Qiu J, Wang Z, et al. Dimethylfumarate alleviates early brain injury and secondary cognitive
deficits after experimental subarachnoid hemorrhage via activation of Keapl-Nrf2-ARE system. J
Neurosurg. 2015;123(4):915-923. [PubMed: 25614941]

Liu Z, Li R, Jiang C, Zhao S, Li W, Tang X. The neuroprotective effect of lithium chloride on
cognitive impairment through glycogen synthase kinase-3p inhibition in intracerebral hemorrhage
rats. Eur J Pharmacol. 2018;840:50-59. [PubMed: 30336136]

Luo C, Fan L, Zhang H, et al. Effects of ginkgo biloba extract on the cognitive function and
expression profile of inflammatory factors in a rat model of hemorrhagic stroke. Neuroreport.
2018;29:1239-1243. [PubMed: 30096131]

Ma K, Li R, Zhao H, et al. Cattle encephalon glycoside and ignotin reduce early brain injury and
cognitive dysfunction after subarachnoid hemorrhage in rats. Neuroscience. 2018;388:181-190.
[PubMed: 30036663]

Ma Lu, Shen Xi, Gao Y, et al. Blocking B7-1/CD28 pathway diminished long-range brain
damage by regulating the immune and inflammatory responses in a mouse model of intracerebral
hemorrhage. Neurochem Res. 2016;41 (7):1673-1683. [PubMed: 26980009]

Okada T, Enkhjargal B, Travis ZD, et al. FGF-2 attenuates neuronal apoptosis via FGFR3/
P13k/Akt signaling pathway after subarachnoid hemorrhage. Mol Neurobiol. 2019;56(12):8203—
8219. [PubMed: 31203572]

Ouyang Y, Li D, Wang H, et al. MiR-21-5p/dual-specificity phosphatase 8 signalling mediates the
anti-inflammatory effect of haem oxygenase-1 in aged intracerebral haemorrhage rats. Aging Cell.
2019;18(6):1-12.

Peng J, Pang J, Huang L, et al. LRP1 activation attenuates white matter injury by modulating
microglial polarization through Shc1/PI3K/Akt pathway after subarachnoid hemorrhage in rats.
Redox Biol. 2019;21:101121. [PubMed: 30703614]

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 12

Provencio JJ, Swank V, Lu H, et al. Neutrophil depletion after subarachnoid hemorrhage improves
memory via NMDA receptors. Brain Behav Immun. 2016;54:233-242. [PubMed: 26872422]

Qi Z, Zhang H, Fu C, et al. Prolonged hydrocephalus induced by intraventricular hemorrhage in
rats is reduced by curcumin therapy. Neurosci Lett. 2017;637:120-125. [PubMed: 27876499]

Qin Y, Li G, Sun Z, Xu X, Gu J, Gao F. Comparison of the effects of nimodipine and deferoxamine
on brain injury in rat with subarachnoid hemorrhage. Behav Brain Res. 2019;367:194-200.
[PubMed: 30953658]

Qu X, Wang N, Chen W, Qi M, Xue Y, Cheng W. RNF34 overexpression exacerbates neurological
deficits and brain injury in a mouse model of intracerebral hemorrhage by potentiating
mitochondrial dysfunction-mediated oxidative stress. Sci Rep. 2019;9(1).

Rajdev K, Siddiqui EM, Jadaun KS, Mehan S. Neuroprotective potential of solanesol in a
combined model of intracerebral and intraventricular hemorrhage in rats. IBRO Rep. 2020;8:101-
114. [PubMed: 32368686]

Rynkowski MA, Kim GH, Garrett MC, et al. C3a receptor antagonist attenuates brain injury after
intracerebral hemorrhage. J Cereb Blood Flow Metab. 2009;29 (1):98-107. [PubMed: 18728680]

Sasaki T, Hoffmann U, Kobayashi M, et al. Long-term cognitive deficits after subarachnoid
hemorrhage in rats. Neurocrit Care. 2016;25(2):293-305. [PubMed: 26896093]

Shan H, Qiu J, Chang P, et al. Exogenous hydrogen sulfide offers neuroprotection on intracerebral
hemorrhage injury through modulating endogenous H2S metabolism in mice. Front Cell Neurosci.
2019;13. [PubMed: 30766479]

Shen H, Chen Z, Wang Y, et al. Role of neurexin-1p and neuroligin-1 in cognitive dysfunction after
subarachnoid hemorrhage in rats. Stroke. 2015;46 (9):2607-2615. [PubMed: 26219651]

Sherchan P, Lekic T, Suzuki H, et al. Minocycline improves functional outcomes, memory deficits,
and histopathology after endovascular perforation-induced subarachnoid hemorrhage in rats. J
Neurotrauma. 2011;28(12):2503-2512. [PubMed: 22013966]

Shi E, Shi K, Qiu S, Sheth KN, Lawton MT, Ducruet AF. Chronic inflammation, cognitive
impairment, and distal brain region alteration following intracerebral hemorrhage. FASEB J.
2019;33(8):9616-9626. [PubMed: 31145859]

Singh N, Bansal Y, Bhandari R, et al. Naringin reverses neurobehavioral and biochemical
alterations in intracerebroventricular collagenase-induced intracerebral hemorrhage in rats.
Pharmacology. 2017;100(3-4):172-187. [PubMed: 28668949]

Singh N, Bansal Y, Bhandari R, et al. Resveratrol protects against ICV collagenase-induced
neurobehavioral and biochemical deficits. J Inflamm. 2017;14(1).

Suda S, Yang B, Schaar K, et al. Autologous bone marrow mononuclear cells exert broad effects on
short- and long-term biological and functional outcomes in rodents with intracerebral hemorrhage.
Stem Cells Dev. 2015;24 (23):2756-2766. [PubMed: 26414707]

Suh HJ, So SM, Na YG, et al. Neuroprotective effects of tamsulosin on intracerebral hemorrhage.
Neural Regen. 2011;2011:2505-2510.

SunL, Ma, Zhang Z, et al. ROCK2 regulates autophagy in the hippocampus of rats after
subarachnoid hemorrhage. Neuroreport. 2018;29:1571-1577. [PubMed: 30363018]

Sun X, Ji C, Hu T, Wang Z, Chen G. Tamoxifen as an effective neuroprotectant against early

brain injury and learning deficits induced by subarachnoid hemorrhage: possible involvement of
inflammatory signaling. J Neuroinflamm. 2013;10(1).

Tan X, Yang Y, Xu J, et al. Luteolin Exerts Neuroprotection. Front Pharmacol. 2019;10:1-15.
[PubMed: 30728774]

Tao K, Cai Q, Zhang X, et al. Astrocytic histone deacetylase 2 facilitates delayed depression

and memory impairment after subarachnoid hemorrhage by negatively regulating glutamate
transporter-1. Ann Transl Med. 2020;8:1-13. [PubMed: 32055592]

Tarig A, Ai J, Chen G, et al. Loss of long-term potentiation in the hippocampus after experimental
subarachnoid hemorrhage in rats. Neuroscience. 2010;165 (2):418-426. [PubMed: 19854243]
Tosun C, Kurland DB, Mehta R, et al. Inhibition of the Surl-Trpm4 channel

reduces neuroinflammation and cognitive impairment in subarachnoid hemorrhage. Stroke.
2013;44(12):3522-3528. [PubMed: 24114458]

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Page 13

Wang G, Guo Z, Tong L, et al. TLR7 (Toll-Like Receptor 7) facilitates heme scavenging

through the BTK (bruton tyrosine kinase)-CRT (calreticulin)-LRP1 (low-density lipoprotein
receptor-related protein-1)-Hx (hemopexin) pathway in murine intracerebral hemorrhage. Stroke.
2018;49(12):3020-3029. [PubMed: 30571407]

Wang Y, Jiang S, Xiao J, Liang Q, Tang M. Sparstolonin B improves neurological outcomes
following intracerebral hemorrhage in mice. Exp Ther Med. 2018.

Wang Z, Chen Z, Yang J, et al. Treatment of secondary brain injury by perturbing postsynaptic
density protein-95-NMDA receptor interaction after intracerebral hemorrhage in rats. J Cereb
Blood Flow Metab. 2019;39(8):1588-1601. [PubMed: 29513122]

Wang Z, Hu T, Feng D, Chen G. Expression of synaptic cell adhesion molecule 1 (SynCAM 1)

in different brain regions in a rat subarachnoid hemorrhage model. Neurol Sci. 2013;34(8):1331-
1338. [PubMed: 23179183]

Wang Z, Ji C, Wu L, et al. Tert-butylhydroquinone alleviates early brain injury and cognitive
dysfunction after experimental subarachnoid hemorrhage: role of Keapl/Nrf2/ARE pathway. PL0S
ONE. 2014;9(5):1-13.

Wang Z, Wu L, You W, Ji C, Chen G. Melatonin alleviates secondary brain damage and
neurobehavioral dysfunction after experimental subarachnoid hemorrhage: possible involvement of
TLR4-mediated inflammatory pathway. J Pineal Res. 2013;55(4):399-408. [PubMed: 24007200]

Wu D, Lai N, Deng R, et al. Activated WNK3 induced by intracerebral hemorrhage deteriorates
brain injury maybe via WNK3/SPAK/NKCC1 pathway. Exp Neurol. 2020;332:113386. [PubMed:
32589890]

Wu LY, Ye ZN, Zhou CH, et al. Roles of pannexin-1 channels in inflammatory response through
the TLRs/NF-Kappa B signaling pathway following experimental subarachnoid hemorrhage in
rats. Front Mol Neurosci. 2017;10:1-15. [PubMed: 28167898]

Xie Yi, Liu W, Zhang X, et al. Human albumin improves long-term behavioral sequelae after
subarachnoid hemorrhage through neurovascular remodeling. Crit Care Med. 2015;43(10):e440—
e449. [PubMed: 26181220]

Xu W, Li T, Gao L, et al. Sodium benzoate attenuates secondary brain injury by inhibiting
neuronal apoptosis and reducing mitochondria-mediated oxidative stress in a rat model of
intracerebral hemorrhage: possible involvement of DJ-1/Akt/IKK/NFxB pathway. Front Mol
Neurosci. 2019;12:1-15. [PubMed: 30809121]

Xu W, Li T, Gao L, et al. Apelin-13/APJ system attenuates early brain injury via suppression of
endoplasmic reticulum stress-associated TXNIP/NLRP3 inflammasome activation and oxidative
stress in a AMPK-dependent manner after subarachnoid hemorrhage in rats. J Neuroinflamm.
2019;16(1).

Xu W, Mo J, Ocak U, et al. Activation of melanocortin 1 receptor attenuates early brain injury in a
rat model of subarachnoid hemorrhage via the suppression of neuroinflammation through AMPK/
TBK1/NF-xB pathway in rats. Neurotherapeutics. 2020;17(1):294-308. [PubMed: 31486022]

Yang Y, Zhang M, Kang X, et al. Impaired adult hippocampal neurogenesis and cognitive
ability in a mouse model of intrastriatal hemorrhage. Neurosci Lett. 2015;599:133-139. [PubMed:
26021875]

Yang Y, Zhang M, Kang X, et al. Thrombin-induced microglial activation impairs hippocampal
neurogenesis and spatial memory ability in mice. Behav Brain Funct. 2015;11(1).

Yang Z, Dong S, Zheng Q, et al. FTY720 attenuates iron deposition and glial responses

in improving delayed lesion and long-term outcomes of collagenase-induced intracerebral
hemorrhage. Brain Res. 2019;1718:91-102. [PubMed: 31039342]

Zhang J, Yuan G, Liang T, et al. Nix plays a neuroprotective role in early brain injury

after experimental subarachnoid hemorrhage in rats. Front Neurosci. 2020;14:1-12. [PubMed:
32038151]

Zheng S, Zhang F, Liu Q, et al. Exercise training increases spatial memory via reducing
contralateral hippocampal NMDAR subunits expression in intracerebral hemorrhage rats.
Neuropsychiatr Dis Treat. 2019;15:1921-1928. [PubMed: 31371965]

Zhou F, Fang Y, Zhu X. Therapeutic effect of tetramethylphrazine on cognitive impairment after
subarachnoid hemorrhage: an experimental study. Asian J Chem. 2011;23:2427-2429.

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

97.

98.

99.

100

101.

102.

103.

104.

105

Page 14

Zhou L, Liu C, Wang Z, et al. Pannexin-1 is involved in neuronal apoptosis and degeneration
in experimental intracerebral hemorrhage in rats. Mol Med Rep. 2018;5684-5691. [PubMed:
29484398]
Zhou X, Wu Qi, Lu Y, et al. Crosstalk between soluble PDGF-BB and PDGFRp promotes
astrocytic activation and synaptic recovery in the hippocampus after subarachnoid hemorrhage.
FASEB J. 2019;33(8):9588-9601. [PubMed: 31162947]
MacLellan CL, Paquette R, Colbourne F. A critical appraisal of experimental intracerebral
hemorrhage research. J Cerebr Blood F Met. 2012;32(4):612-627.
. Xiong Li, Reijmer YD, Charidimou A, Cordonnier C, Viswanathan A. Intracerebral hemorrhage
and cognitive impairment. BBA. 2016;1862 (5):939-944. [PubMed: 26692171]
Badri S, Chen J, Barber J, et al. Mortality and long-term functional outcome associated with
intracranial pressure after traumatic brain injury. Intensive Care Med. 2012;38(11):1800-18009.
[PubMed: 23011528]
Uzzell BP, Obrist WD, Dolinskas CA, Langfitt TW. Relationship of acute CBF and ICP findings
to neuropsychological outcome in severe head injury. J Neurosurg. 1986;65:630-635. [PubMed:
3772450]
Marbacher S, Nevzati E, Croci D, et al. The rabbit shunt model of subarachnoid haemorrhage.
Transl Stroke Res. 2014;5(6):669-680. [PubMed: 25326333]
Conzen C, Becker K, Albanna W, et al. The acute phase of experimental subarachnoid
hemorrhage: intracranial pressure dynamics and their effect on cerebral blood flow and
autoregulation. Transl Stroke Res. 2019;10 (5):566-582. [PubMed: 30443885]
. Westermaier T, Jauss A, Eriskat J, Kunze E, Roosen K. Acute vasoconstriction: decrease
and recovery of cerebral blood flow after various intensities of experimental subarachnoid
hemorrhage in rats. J Neurosurg. 2009;110 (5):996-1002. [PubMed: 19061352]

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Peterson et al.

[ Identification ]

]

Eligibility Screening

Included

Records identified through
database searching
(n=1,882)

Page 15

e PubMed (n=614)
e Embase (n =858)
e Scopus (n =410)

Additional records identified
through other sources
(n=0)

Records after duplicates removed
(n=1,340)

A 4

Records screened

A 4

(n = 1,340)

A 4

Full-text articles assessed

Records excluded
(n=1,144)

A 4

for eligibility
(n=196)

A

Studies included in
qualitative synthesis
(n=90)

Fig. 1.
PRISMA flow diagram of the search strategy used.

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.

Full-text articles excluded,
with reasons
(n=106)

e Wrong study design
(n=18)

e Wrong patient
population/outcome
(n=68)

e |nsufficient /
irrelevant data (n =
20)




Page 16

Peterson et al.

Studies per year of publication

25
2
1
1

SaIpn3s Jo JaquinN

0¢0¢
6T0C
8T0¢
LT0C
910¢
STOC
¥10¢
€10¢
c1oe
T10C

o
i
(@]
o~
Year

600¢
800¢
£00¢
900¢
S00¢
700¢
€00¢
¢00¢
T00¢
| 000¢
B 6661

Distribution of published studies per year.

0
Fig. 2.

Brain Hemorrhages. Author manuscript; available in PMC 2023 June 01.

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Peterson et al. Page 17

TYPE OF EXPERIMENTAL HEMORRHAGE

B Intraparenchymal

B Sub hnoid
ubarachnoi hemorrhage (IPH)

hemorrhage 44%
(SAH) ’
48%
Intraventricular
hemorrhage (IVH)
8%
Fig. 3.

Distribution of studies based on type of experimental hemorrhage.
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Most frequently reported mechanisms for memory decline following (A) IPH, (B) SAH, and
(C) IVH. Other: includes studies mentioning mechanical injury, hydrocephalus, hormonal
influences, NMDAR activation, and/or white matter injury.
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Fig. 5.
Risk of bias assessment. Results of risk of bias and methodological quality indicators of

included studies in the systematic review according to SYRCLE guidelines. % represent
the percentage of the studies that fulfilled the requirements for ‘Low risk of bias’ (green),
‘Unclear risk of bias’ (yellow), and ‘High risk of bias’ (red).
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Fig. 6.

Methodological risk of bias by individual study. The reference line indicates mean

methodological bias across all studies, 56.83 + 12.77%.
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Mechanism

Quality assessment of various proposed mechanisms
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Fig. 7.

Quality assessment of most reported mechanisms. Total quality assessment score was

Number
150 200
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I mean risk of bias

derived from sum of number of studies supporting certain mechanism, mean number of

animals used in those studies, and mean risk of bias.
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