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Background: Cognitive impairment (CI) is commonly observed after intracerebral hemorrhage (ICH). While a growing number of studies have explored this association, several evidence gaps persist. This review seeks to investigate the relationship between CI and ICH.

Methods: A two-stage systematic review of research articles, clinical trials, and case series was performed. Initial search used the keywords [“Intracerebral hemorrhage” OR “ICH”] AND [“Cognitive Impairment” OR “Dementia OR “Cognitive Decline”] within the PubMed (last accessed November 3rd, 2020) and ScienceDirect (last accessed October 27th, 2020) databases, without publication date limits. Articles that addressed CI and spontaneous ICH were accepted if CI was assessed after ICH. Articles were rejected if they did not independently address an adult human population or spontaneous ICH, didn't link CI to ICH, were an unrelated document type, or were not written in English. A secondary snowball literature search was performed using reviews identified by the initial search. The Agency for Healthcare research and Quality's assessment tool was used to evaluate bias within studies. Rates of CI and contributory factors were investigated.

Results: Search yielded 32 articles that collectively included 22,631 patients. Present evidence indicates a high rate of post-ICH CI (65–84%) in the acute phase (<4 weeks) which is relatively lower at 3 (17.3–40.2%) and 6 months (19–63.3%). Longer term follow-up (≥1 year) demonstrates a gradual increase in CI. Advanced age, female sex, and prior stroke were associated with higher rates of CI. Associations between post-ICH CI and cerebral microbleeds, superficial siderosis, and ICH volume also exist. Pre-ICH cognitive assessment was missing in 28% of included studies. The Mini Mental State Evaluation (44%) and Montreal Cognitive Assessment (16%) were the most common cognitive assessments, albeit with variable thresholds and definitions. Studies rarely (<10%) addressed racial and ethnic disparities.

Discussion: Current findings suggest a dynamic course of post-ICH cognitive impairment that may depend on genetic, sociodemographic and clinical factors. Methodological heterogeneity prevented meta-analysis, limiting results. There is a need for the methodologies and time points of post-ICH cognitive assessments to be harmonized across diverse clinical and demographic populations.
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INTRODUCTION

Intracerebral hemorrhage (ICH) is the most common type of hemorrhagic stroke, accounting for 10–20% of all strokes (1), with a global incidence of 24.6 per 100,000 person-years (2). Spontaneous ICH primarily results from either hypertensive microangiopathy or cerebral amyloid angiopathy (CAA) (3), which are likely to produce varied phenotypes. Hypertensive ICH likely occurs in deep brain structures while CAA-related ICH generally occurs in lobar locations (2). Regardless of the cause, ICH is associated with poor outcomes that include early mortality (2, 4) and the loss of functional independence (2).

Cognitive Impairment (CI) commonly coexists with ICH. The majority of ICH patients exhibit acute phase CI, with impairments reported in up to 84% of patients (5). While the immediate post-ICH cognitive effects and the potential for long-term CI (6) are broadly recognized, several evidence gaps persist. The trajectory of post-ICH CI is poorly characterized and demonstrates considerable variability. Some ICH patients experience favorable recovery after an acute cognitive decline while others exhibit persistent or worsening CI (7). The significant contribution of cognitive function toward quality of life among ICH survivors has driven an increased research focus on post-ICH CI and dementia. With the growing body of literature focused on post-ICH CI, it is important to integrate the available evidence and characterize cognitive function among ICH patients. This systematic review aims to collect and summarize current evidence regarding the risk factors and trajectory of CI after spontaneous ICH, report the strength and validity of study methodologies, and highlight current knowledge gaps in the study of post-ICH CI.



METHODS


Search Strategy

We adopted a two-stage systematic review approach to comprehensively account for all study types that have reported cognitive function among patients with spontaneous ICH, particularly focusing on post-ICH CI. Articles were to be excluded from consideration if they did not address the occurrence of CI after ICH, focused on animal or tissue models, assessed other/mixed stroke etiologies or traumatic ICH, or assessed a pediatric/neonatal population. First, a literature search within the PubMed and ScienceDirect databases was performed. Searches were performed using the keywords [“intracerebral hemorrhage” OR “ICH”] AND [“cognitive impairment,” OR “cognitive decline” OR “dementia”] to detect both abbreviated and unabbreviated descriptions. Searches were performed using Boolean logic with detection of alternative spellings (e.g., hemorrhage and hemorrhage) enabled. No limits were placed on date of publication, and databases were last accessed on November 3rd of 2020 (PubMed) and October 27th of 2020 (ScienceDirect). To enable inclusion of studies with higher methodological rigor, only peer-reviewed clinical trials, observational studies, and case series were included. After accounting for duplicates, articles were screened for inclusion. Narrative reviews, study protocols, animal studies, histological studies, editorial comments, expert opinions, abstracts lacking a full-text publication, and papers written in a non-English language were removed from initial assessment. Abstracts were then reviewed for the concepts related to ICH and CI or dementia and rejected if they failed to mention one or both. Abstracts were also rejected at this stage if they specified a pediatric population or addressed subarachnoid/traumatic ICH, ischemic stroke, or transient ischemic attacks. Abstracts that included non-specific terminology (e.g., “stroke” instead of specifying ischemic or hemorrhagic etiologies) were included for further review. Full texts were then reviewed for all articles that did not meet the rejection criteria. Articles that made use of a mixed stroke cohort without delineation were excluded, as were studies that only assessed CI before or independent of ICH. Data were independently extracted from included studies and, when available, included study design, sample size, country of origin, follow up time, neuropsychological assessments and thresholds, imaging methods and assessed markers, other assessments, clinical/social factors and medications, overall rates of CI, factors significantly associated with CI, and other outcome notes. No separate review protocol has been registered or published for this study.

To supplement the initial review, a secondary snowball review was performed based on the articles returned by the original search methodology; as has been recommended in published literature (8). Publications were screened for discussions that linked CI to ICH, and cited articles were examined for information regarding post-ICH CI in the same manner as articles obtained by database search.



Data Extraction

Articles were assessed for methodology, neuropsychological assessments, imaging findings, other clinical assessments, other factors, and study results, and data were extracted within these categories. Recorded methodology included the study design (cross-sectional, clinical trial, case-control, cohort, etc.), country of origin, number of ICH patients, and follow-up times. Cognitive assessment details included testing methods and thresholds used to define CI and/or dementia. Imaging measures included the applied modalities and features assessed. “Other clinical assessments” included assessments which address factors other than CI (stroke severity, depression, disability, etc.). Notably, stroke laterality was variably assigned between “Imaging” and “Other Clinical Assessments” depending on whether assessment was linked to imaging within the assessed document. Data retained as “other factors” included clinical risk factors and/or laboratory values (comorbidities, etc.), social risk factors (smoking history, alcohol consumption, education, race, etc.), and medications. Each study was assessed for the observed or reported CI percentage at follow-up, hazard rates, impairment domains, other listed cognitive outcomes, factors associated with CI, and other outcome notes. Impairment percentage was calculated based on patient numbers when not independently reported for ICH patients. Data were independently extracted by the lead author (TP) and checked for quality and validated by other authors (JM, AP, and FV). All data for this review was stored within an internal database for reference and reproducibility.



Risk of Bias Assessment

The risk of bias for each study was assessed following the Agency for Healthcare Research and Quality's (AHRQ) bias assessment tool, classifying risk as low, medium high, or unclear (9). Briefly, the AHRQ tool provides a design-specific method for assessing bias in scientific studies. Specific attention is paid to the recruitment, allocation, and retention of individuals within study groups, protocol consistency, use of outcome measures, and the complete reporting of outcomes.



Statistical Methods

Sample sizes and proportions of ICH patients with CI across the follow-up timeline were extracted for assessment. Follow-up times were also recorded and are reported (median, mean, or set times). The maximum, minimum, and average reported CI proportion (measured as a percentage) was determined at each follow-up time, and these values were used to assess the overall trajectory of CI after ICH. Given the heterogeneity and lack of information about ICH clinical phenotypes and variety of CI assessment methods employed across a spectrum of post-ICH timepoints no meta-analytic methods were applied for data pooling and summarization. Detailed descriptive accounts of study characteristics, post-ICH CI, assessment methods, imaging findings, and clinical and socio-demographic factors are provided.




RESULTS

Following the outlined search criteria and syntax 300 articles were identified from the PubMed database with additional 89 records obtained from the ScienceDirect database. Forty-nine overlapping records were removed. Additional articles were removed for the following reasons: were a protocol, opinion review, textbook chapter, meeting proceedings, or other unrelated document type (n = 165), were not available in English (n = 16), did not address CI and/or spontaneous ICH in an adult population (n = 101), assessed pediatric or traumatic ICH (n = 4), assessed CI before ICH (n = 18), assessed the CI separately from ICH (n = 11), or assessed a mixed stroke cohort (n = 2). This yielded 23 total articles obtained from literature review. After identifying more sources of interest within the references of conceptually related reviews, a secondary snowball literature was performed based on the reviews identified from initial search. This search yielded nine additional sources, which were combined with the initial search results to form the final set of works for review (n = 32). An overview of the literature selection process is depicted in Figure 1. Of the 32 selected studies, 19 (59.4%) were observational cohorts, 8 (25.0%) were case-control studies and 3 (9.4%) were cross-sectional analyses. Additionally, data from 1 (3.1%) randomized control trial (RCT) and case series were included. Studies cumulatively included 22,631 ICH patients. The content of reviewed studies can be found in Tables 1–3, with cohort studies presented in Table 1, case-control studies in Table 2, and other studies in Table 3. Assessed risks of bias for each study are presented in Table 4. Of the 32 assessed studies, 31 (96.9%) studies were found to be of “acceptable” risk of bias. The lone exception was a limited case series and of unclear bias due to the limited details presented. Fourteen studies (43.8%) excluded patients with severe aphasia. Of these, 11 studies excluded 62 patients who could not communicate or follow directions (11, 14, 21–23, 25, 27, 29, 31, 33, 38) while the three remaining studies excluded aphasia without providing the number excluded (10, 15, 16). Eleven studies (34.4%) only included living patients and did not account for potential survivorship bias within the studied ICH population (12, 14, 21, 22, 24, 26, 30, 33, 34, 36, 38). Though the overall bias risk was acceptable, one study (3.2%) also had a significant difference in follow-up times between the ICH and non-ICH study groups (30).


[image: Figure 1]
FIGURE 1. Consort diagram for the selection of studies. A total of 32 studies were selected from the Science Direct and PubMed databases, with screening performed to remove articles that did not address post-ICH CI or non-spontaneous adult ICH cases.



Table 1. Summary of methods and findings from cohort studies.
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Table 2. Summary of methods and findings from case-control studies.
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Table 3. Summary of methods and findings from other study types.
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Table 4. Assessment of risk for included studies, following AHRQ guidelines.
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Study Characteristics

Among the 32 included studies, 19 (59.4%) publications provided investigations of the various factors that contribute to the development of post-ICH CI. The remaining 13 (40.6%) were either limited in their scope to only describe the observed rate of CI or included heterogenous stroke sub-types, among which ICH was a reported subgroup. Study populations were drawn from the United States (n = 5), France (n = 4), Japan (n = 3), Norway (n = 3), the Netherlands (n = 2), England (n = 2), China (n = 2), Taiwan (n = 2), 1 each from Finland, Spain, Italy, Scotland, Ecuador, Denmark, Mexico, and Portugal, and 1 international study. Four studies (12.5%) presented fewer than 10 patients (10, 30, 34, 35), of which three studies included ICH only as an sub-group of a larger stroke cohort (10, 30, 34) and the fourth presented as a limited case series (35). In contrast, two studies contained over 1,000 participants each (6, 40). These were large, retrospective national investigations of long-term patient outcomes from Denmark (6) and Taiwan (40). Follow up times were similarly variable, with some studies selecting specific timings to investigate acute and early post-ICH CI/Dementia (<6 months) compared to late post-ICH CI/Dementia (>6 months). Overall, the times for follow-up assessment varied from 12 days to 10 years, with timepoints of 3 months/90 days [10 (29.0%)], 6 months [7 (21.9%)], and 1 year [6 (18.8%)] being the most common. Studies that performed recurrent testing had a minimum test-retest interval of 3 months [1 (3.1%)] and typically assumed annual [5 (15.6%)] or semiannual [2 (6.3%)] testing after the first follow-up. The varying study methods, including the range of follow-up times, are summarized in Table 5.


Table 5. The variable testing methods and parameters adopted across studies of post-ICH impairment.
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Post-ICH Cognitive Impairment Over Time and Contributory Factors

Across studies, the potential impact of preexisting cognitive deficits on post-ICH CI was generally acknowledged. To address this, 13 (40.6%) studies excluded individuals with pre-ICH CI or dementia (7, 10, 13, 16, 19, 22, 25, 29–31, 33, 37, 40), [7 (21.9%)] or included patients with preexisting CI (11, 14, 18, 26, 35, 38, 39), either acknowledging the limitation [4 (12.5%)] (14, 18, 35, 38) or including pre-stroke deficits as a contributory factor for future CI [3 (9.4%)] (11, 26, 39). Three additional studies chose to selectively exclude patients that met the criteria for dementia but included patients with mild impairments, using preexisting dementia as a contributory factor for future deficits (12, 23, 28). The remaining studies [9 (28.1%)] either did not assess or report on preexisting CI (5, 6, 15, 21, 24, 27, 32, 34, 36).

Cognitive impairment reported after the onset of ICH varied considerably across the time horizon. Figure 2 depicts the proportions of ICH patients with post-ICH CI at various timepoints, with 3rd-order polynomial trendlines reflecting the maximum, minimum, and average observed CI proportions. Table 6 provides a summary of the significant imaging, demographic and clinical factors significantly associated with post-ICH CI across the studies included in this review.


[image: Figure 2]
FIGURE 2. Plot of post-ICH CI percentages, with trendlines reflecting the maximum, minimum, and average observed CI proportions. Data for the maximum, average, and minimum data points are, respectively, shown by the black, gray, and open white markers. Respective CI trends are shown using black, gray, and dashed lines. Impairment appeared highest during the acute phase, dropped to a minimum during the 20–24-month timespan, and steadily increased over the remaining observed timespan.



Table 6. Summary of significant factors identified across reports included in the review.

[image: Table 6]

The three acute phase studies reported that 84.0% of ICH patients demonstrated impairment in one or more cognitive domain at 12 days post-stroke (5, 16, 31), with 65.0% showing impairment in two or more domains (5), 75.2% of patients impaired at 2 weeks (16) and 82.4% of patients showing 2+ domain impairment at 3 weeks (31). Of the 3 studies, 1 assessed for delirium before testing (41) and 2 assessed for disorders of consciousness and aphasia (16, 31). Lobar and dominant-hemisphere ICH, and increased admission systolic blood pressure (SBP) were noted as factors associated with CI in this period (5, 16). Specifically, patients with lobar ICH showed higher rates of impairment in two or more domains (73.0% lobar vs. 58.0% non-lobar) while dominant-hemisphere hemorrhage and higher SBP showed respective odds ratios (OR) of 8.85 and 1.02 for impairment.

Impairment rates at 3 months post-ICH were reported to range from 17.3 to 40.2% (11, 15, 26, 37). Different studies demonstrated association between CI and Hispanic ethnicity (vs. non-Hispanic White) (18) and female sex (37)—Hispanic ICH patients presented with mental state examination (MSE) scores that were on the average 13.3 points lower than their non-Hispanic counterparts. Additionally, proportion of females with post-ICH CI during this time point was significantly higher than males (45.3 vs. 30.8%). Cognitive impairment during the 3 month post-ICH time period was also associated with increased hematoma volume—hazard ratio [(HR) 1.52 per 10 cc increase], and APOE ε2 genotype (HR: 1.69) (13), prior history of stroke, older age, higher baseline CI, and higher SBP during the first 24 h (37). Higher education was associated with lower rates of post-ICH CI (22), and separate reports associated 3-month post-ICH CI with both deep (25) and lobar ICH locations (13).

Studies reporting data from 6 to 12 months post-ICH found CI rates between 19.0 and 63.3% (12, 13, 16). Higher levels of CI were associated with increased age (HR: 1.05 per year), lower education level (HR: 1.78), pre-existing mild CI (HR: 5.85), and African American race (HR: 1.39) (12, 13, 28). Impairment was further linked to the severity of several cerebral small vessel disease (CSVD) markers such as, white matter hyperintensities per total brain volume (HR: 1.48), Fazekas score (HR: 1.51), number of cortical microbleeds (CMBs) ≥ 5 (HR: 2.05), white matter disease severity (HR: 1.70), and lobar CMB number (HR: 1.78) and APOE ε4 genotype (HR: 2.12) (12, 13). Visuospatial, executive, attention, and memory were observed as the primarily affected domains, and CI appeared to associated with the laterality of ICH (16, 33)—ICH in the left basal ganglia was linked to visuospatial impairment, while those with right basal ganglia ICH performed worse in linguistic tasks (33) and left sided ICH was associated with increased dementia development (38).

The proportion of ICH patients with CI 1 year post-ICH were reported at 14.2% (23) and 43.8% (19), with an estimated HR of 4.34 for the 3–12 months period (6) and incidences between 20.7 and 24.8 per 1,000 person-years (6, 40). One study reported that CI probabilities reduced and language performance improved between 3 and 18 months post-ICH, although the study was underpowered (7). Reports in the 2nd year post-ICH found CI rates of 19.8% at 2 years (23), while a second study reported 35.8% either became impaired or died at a median of 28.9 months (39). CI rates were reported between 19.1 and 24.5% (23, 24) at 3 years. The respective rates of CI and dementia were reported as 47.4 and 23.1% at 40 months, with the note that 65.4% of survivor showed some level of persistent deficit (38). CI rates that depended on the applied Montreal Cognitive Assessment (MoCA) threshold (61.4% at MoCA ≤ 23 and 71% at MoCA ≤ 25) (27) were reported at 3.8 years post-ICH, with a CI rate of 28.3% separately reported at 4 years post-ICH (23). Study at 5 years post-ICH reported incidence of 14.6 per 1,000 persons years, with a model-dependent HR of 2.14 and 2.17 (40). The only report of independent CI rates at this timepoint assessed initially asymptomatic ICH patients, who did not show any difference from healthy individuals (32). Long-term assessments estimated incidence rates of 11.8 per 1,000 individuals per year at 10 years (40) and 13.6 over the 1–10 year period (6). Long-term CI was found to be associated with the number of recurrent stroke episodes (36). Age, modified Rankin Scale (mRS) scores, and lobar location were found to be significant factors, with lower MoCA scores associated with higher age and greater disability (21, 27). Finally, impaired individuals were found to have higher baseline and discharge national institutes of health stroke scale (NIHSS) scores, with higher C-reactive protein levels (CRP) and white blood cell counts (WBC) (24).



Cognitive Assessments

Across the included studies, the Information Questionnaire on Cognitive Decline in the Elderly (IQCODE) was utilized in 10 (31.3%) studies as the most-common test for pre-stroke cognitive function (11–13, 18, 19, 23, 25, 26, 29, 31) [including uses of the short-IQCODE (31), Spanish IQCODE (11), and French IQCODE (23)]. However, IQCODE cutoffs varied greatly across studies (Table 5). IQCODE assessments adopted 4 different thresholds for “cognitive decline” or “impairment” (IQCODE >3.5, >3.44, ≥ 3.4, 63 ≥ IQCODE ≥ 53) with 2 more thresholds (IQCODE ≥ 64, > 3.3) applied to describe dementia. No single threshold was adopted by more than two studies.

Whereas the IQCODE was used relatively consistently to assess pre-morbid cognitive status, the methodology of assessment for post-ICH CI was highly variable. Global cognition tests were commonly applied, with the Mini-Mental State Evaluation (MMSE) adopted by 14 (43.8%) studies (11, 12, 15, 19, 22, 23, 25, 26, 30, 32–34, 37, 38) and MoCA adopted by 5 (15.6%) (7, 16, 21, 27, 38). Thresholds set for CI included MMSE < 27, MMSE ≤ 24, MoCA < 26 and MoCA ≤ 23, with one study defining dementia at MMSE < 23 (30), and no threshold used by more than two studies (Table 5). Tiered CI definitions based on MMSE or MoCA were also established in three studies, with no studies sharing definitions (Table 5). One study adopted education-linked MMSE thresholds as a screening test for further assessment (22). Other studies made use of the Short MoCA (16), the Ascertain Dementia 8-item Informant (AD8) questionnaire (34), and the Modified MMSE (3MSE) (18), each with a singular use and threshold (short MoCA < 7, AD ≥ 2, 3MSE < 80) (Table 5). Studies based on telephone-based assessment adopted the modified Telephone Interview for Cognitive Status (TICS-m) (13), Telephone MoCA (T-MoCA) (7), or caregiver interview (39).

Beyond global cognition tests, 11 (34.4%) studies adopted test batteries to assess cognitive function, with the National Institute of Neurological Disease and Stroke—Canadian Stroke Network (NINDS-CSN) battery applied by two studies (7, 23) and the Frontal Assessment Battery (25), Consortium to Establish a Registry for Alzheimer's Disease (CERAD) battery (7), and Neuropsychiatric Battery (14) used by one study each. The remaining battery-based assessments used custom combinations of tests designed to assess different cognitive domains. In 13 (40.6%) studies, determination for CI was made based on general diagnosis (23, 36), DSM-IV (11, 14, 22, 24, 26, 29, 38), DSM-V (7), ICD-9 (40), and ICD-10 (6, 10, 19) diagnostic criteria. Finally, 5 (15.6%) defined CI by the relative decrease in function from baseline assessments (5, 28, 30, 33, 39).



Imaging Methods and Assessments

Of the total 32 studies, 17 (53.1%) included imaging markers either in assessment or analysis [five computed tomography (CT) only, four magnetic resonance imaging (MRI) only, seven CT and MRI, one CT or MRI]. The most common imaging markers reported were ICH characteristics, including location (11), laterality (8) and volume (9). ICH location description varied between studies, with 7 different location definitions adopted (Table 5). ICH volume was commonly assessed (13, 21, 23, 25, 27, 28, 32, 37, 38), with intraventricular extension accounted for by 7 (12.9%) studies (13, 16, 21, 27, 33, 37, 38). Markers of CSVD and CAA were also assessed with regularity, although the individual markers were inconsistently reported. Major imaging features included the presence of CMBs (12, 13, 23, 25, 28), lacunes (12, 23, 28), White Matter Hyperintensity (WMH) volume (28), WMH Fazekas scoring (12, 13, 16, 23, 25, 27, 28, 30), presence of enlarged perivascular spaces (28, 32), and Cortical Superficial Siderosis (CSS) (23, 25, 28). CSS assessments were dichotomized according to presence/absence (25) or focal/disseminated (23, 28) status, with respective significance found for presence (25) and disseminated CSS (23, 28). One study extended imaging features to determine a total CSVD score, which was used both nominally and dichotomized (<3 or ≥3) (28). Finally, focal brain atrophy (32) and global cortical atrophy (12, 23, 33) were, respectively, assessed in one and three studies. Across studies, ICH volume, CMBs, atrophy, white matter disease, CSS, and leukoaraiosis showed the greatest levels of significance.



Clinical and Sociodemographic Factors

The NIHSS was reported in 8 (25.8%) studies (7, 16, 18, 23–25, 29, 37). Functional outcomes were reported as the Barthel index in 3 (9.7%) (7, 29, 38), the mRS in 8 (25.0%) (7, 18, 21, 23, 25, 38, 39), and Activity of Daily Life measurement (38). Depression linked to ICH was assessed using the Beck Depression Inventory (21, 25), Montgomery–Asberg Depression Rating Scale (MADRS) (12, 25, 38), Geriatric Depression Scale (30), Hamilton Depression Rating Scale (22) and the Hospital Anxiety and Depression Scale (21). Stroke laterality was reported in two studies without imaging details (7, 29). Assessment on the Glasgow Coma Scale was reported in four studies (18, 27, 33, 37).

Among demographic factors, age and sex/gender were, respectively, accounted for in 18 (56.3%) (5, 12, 13, 16, 18, 21–25, 27–30, 32, 33, 37, 39) and 15 studies (46.9%, 10 sex, five gender) (12, 16, 18, 22–25, 27–30, 32, 37, 39, 41), with education assessed in 13 (40.6%) (5, 12, 13, 16, 18, 22, 23, 25, 27–30, 33). Notably, studies that did not address age and sex typically assessed ICH as a subgroup or as a case series. Pre-existing risk factors/comorbidities were most commonly reported for hypertension in 15 (46.9%) (13, 16, 18, 22, 24, 25, 27–30, 32, 35, 37–39), previous stroke or ICH in 11 (34.4%) (12, 13, 18, 22, 23, 25, 28, 32, 37–39), atrial fibrillation in 7 (21.9%) (12, 13, 18, 22, 23, 27, 30) and diabetes mellitus in 12 (37.5%) (13, 16, 18, 22, 24, 25, 27–30, 32, 37) studies. Anticoagulant therapy was not found to be a significant factor by either of the studies that assessed it (13, 37). The definition of education was inconsistent, and race/ethnicity was seldom reported, appearing in 3 (9.4%) studies and found to be a significantly associated factor by 2 (6.3%) (18, 32, 38). Marital status, assessed in one study (3.1%), was not significantly associated with post ICH CI (18). Two studies (6.3%) provided a greater emphasis on laboratory values and testing than other studies, including blood cell counts and protein levels (16, 24).




DISCUSSION

Our review identified 32 full-text studies that assessed post-ICH CI. With the exception of a single study with a small ICH sample size (n = 5) (30), all studies found CI to be relatively common after ICH with links to a variety of clinical, social, imaging, and genetic factors. Studies were largely comprised of cohort and case-control studies and provided information from a variety of different patient populations. Impairment rate information obtained from the reviewed texts suggests relatively high rates of CI during the acute phase of ICH that drop off over the first 2 years post-ICH and increase afterwards. Although rates of CI were consistently reported to be high during the acute post-ICH phase, these findings are likely be an over estimate due to factors directly and indirectly related to acute neurological injury such as, medications, infections/sepsis, and delirium. The alleviation of these transient factors, combined with the effects of true cognitive recovery, create an apparent decrease in CI rates over the following 20–22-month period. Long-term assessments then depict a secondary rise in CI rates, although these measurements demonstrate high variability and may be subject to survivorship biases. In studies with repeated testing, training effects did not appear to be a major concern based on long test-retest intervals and a common reliance on diagnostic criteria or patient-specific testing. This risk of CI and death was found to be greater after ICH than in other stroke types (40), with impairments appearing primarily within the domains of visuospatial processing, processing speed, nonverbal IQ, executive function, attention, and memory (5, 33). Patients presenting with severe aphasia during the acute phase were largely unstudied due to testing limitations, however the low number of exclusions across studies makes significant bias unlikely. There is modest evidence that ICH location influences the affected domains (25), and lobar/CAA ICH was associated with poorer recovery and greater rates of post-ICH CI (13, 16, 23, 27). Lobar ICH was also associated with increased age (41), however, and it is unclear if this relationship may mediate cognitive outcomes. Variability in patient CI percentage increased over time, with CI rates of 19.1 and 71.0% both observed in the 3–4 year timespan (23, 24, 27, 38).

Although hypertensive microangiopathy constitutes a primary ICH etiological mechanism (25, 42, 43) and acute post-ICH SBP was associated with early cognitive deficits (16), a clear relationship between chronic hypertension and the development of CI has yet to be established among ICH patients. Similarly, despite evident links between CI and both atrial fibrillation and diabetes mellitus in the general population and mixed stroke populations (29, 44–46), significant associations between these factors have not been reported in post-ICH cohorts. On the other hand, risk factors related to demographics and genetics (age, ethnicity/race, sex, and APOE genotype), presentation cerebral disease burden (CSVD characteristics, CSS, previous stroke, and hematoma volume) and other biological markers such as high WBC and CRP demonstrate a significant association with the development of post-ICH CI (12, 13, 16, 18, 21, 23, 24, 27, 28, 37).

Several of these factors—CSVD markers, CSS, and APOE genotypes—are also indicative of CAA, which has been associated to cognitive impairment and should be considered a condition of interest (17, 41, 47). The importance of acute-phase cerebral pathology is further supported by reports of similar CI rates observed between incidental asymptomatic ICH patients and their matched controls (32), and those with relatively preserved baseline cognitive status across the most commonly affected domains (visuospatial, executive, attention, orientation) (16, 41). Our review indicated that APOE ε2 and ε4 genotypes may, respectively, contribute to the early and late development of post-ICH CI (13). Contextually, this somewhat resembles the roles of the APOE genotypes in Alzheimer's disease (AD) and vascular dementia (VaD). Specifically, APOE ε2 has shown neuroprotective effects (48) and the early post-ICH deficits linked to it are transient, while APOE ε4 is a significant risk factor for VaD and AD (49) and the associated post-ICH CI show a delayed build over time. It is therefore possible that the role of APOE ε4 in the development of long-term CI among ICH survivors is related to pathways overlapping with VaD and AD, such as buildup of vascular risk factors, CAA, amyloid disease and aging, although this relationship will need to be clarified in future studies. Finally, increased attention should be paid to patient ethnicity/race, which as only addressed in 3 studies and found to be significant in 2. This may also suggest other factors of interest, as ethnicity often portends disparities social support, economic deprivation, healthcare access, and treatment (50–52). Present evidence suggests that post-ICH CI may result from combined effects of damage during the acute phase of hemorrhage and pre-existing underlying arteriopathy, however continued research into post-ICH CI will be necessary to explore both the clinical and societal factors that are critical for patient recovery during the post-ICH period.

The stated focus of study—assessing the development of CI after ICH—appears straightforward. Unfortunately, research in this direction is host to many inconsistencies within the applied methods and assessments. Across the 32 included studies, 20 different impairment and dementia thresholds based on global cognition tests, eight different ICH location classifications, and six different education thresholds were established. Consequently, cases exist where patients assessed with “dementia” by one study would not meet others' minimum classification for “cognitive impairment” (13, 29). These inconsistent definitions, combined with their seldom re-use, limit specific sub-analysis. Chosen assessments were presented across 16 different post-ICH timepoints, with 23 of the 32 studies testing at the 3, 6, and 12-month timepoints. Though we believe that this work provides a valuable summary of post-ICH CI, considerable variability in testing parameters adds significant uncertainty to the results and limits the ability to pool quantitative estimates across consistent timepoints. To assuage this, future efforts should seek to establish and adhere to a standardized assessment protocols, which can be supplemented with additional testing to suit specific research questions and domain areas. Efforts should also be made to specifically explore additional timepoints, particularly over an extended time horizon.


Future Directions and Considerations

Although literature is beginning to emerge, several gaps persist in our understanding of post-ICH CI, its associated factors, and its temporal trajectories. Presently, the greatest needs appear to be those of standardization in measurement and assessment of CI along with precise quantification of pre-ICH cognitive function. This discussion is considered too large to be held within the context of this singular review, and a full consideration of existing assessment methods should be made within the context of the domains commonly affected by ICH. Larger cohorts of ICH patients with wide-ranging impairments and well-defined clinical, social, and radiological phenotypes also need to be assessed, using standardized scales and criteria at consistently defined and clinically meaningful time points over a long-term horizon of post-ICH recovery. The establishment of a concise and easily referenced testing methodology would also provide firm grounding for comparison and pooling of estimates across studies. Future studies are encouraged to, at minimum, account for attrition and survivorship biases, along with history, number, and recurrence of stroke-type events. Imaging studies should assess ICH volume, CMBs, and CSS at minimum, ideally assessing the full spectrum of CSVD markers and considering the potential for CAA. Assessments of potential race, ethnic, social, and sex disparities in post-ICH CI are also currently lacking, as is a clear depiction of how impaired domains may change over time. The design and implementation of future cohorts need to address these laminations such that disparate burden of post-ICH CI across population sub-groups can be studied and mitigated.

While the present review provides these suggestions, limitations within this study need to be acknowledged as well. First, the initial search mechanism was limited to the PubMed and ScienceDirect databases. Second, while data was assessed as thoroughly as possible some relevant information may have been lost through the exclusion of articles written in non-English languages. Finally, although efforts were made to investigate results, an effective meta-analysis could not be performed due to the variability in methods between papers. Future research should seek to expand on the present review through the inclusion of additional databases and non-English research, and it is our hope that increased standardization will allow for true meta-analysis to be performed in the future.

A two-stage systematic literature review was performed to comprehensively summarize current evidence on post-ICH CI. Evidence currently available in literature depicts a high rate of CI in the acute phase (<4 weeks), which drops to lower levels at 3 and 6 months. Rate of post-ICH CI then increases over time, although it seems to plateau at a level lower than that observed during the acute phase. Impairment onset generally appears to associate more with demographic and genetic variables and extent of ICH related cortical damage. The methods, timepoints, and markers used to assess CI are highly varied and limit the ability for quantitative evidence synthesis. This calls for consistent methods to be established for future investigations of post-ICH CI and dementia across heterogenous clinical phenotypes and population sub-groups.
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Method
(%) Design

&) Cotortsize

(C) Cohort Nationality

(D) Assessment/follow-up times.

(A) Cohort study

(B)n = 53 [intracerebral
‘hemorthage (CH)|

(© Norwagian

(D) 3 months, 18 months

(A) Cohortstudy
®n=4

(C) halian

(0) annualfor 4 years

(8) Cohort study
®n=29

(©) Spanish
(©)3months

(A) Cohortstugy
®n =233

(©) France

(0)6 Months, 12 months, annual

(A Cohortstudy
®n=138

(©) American

(0)3 monts, 6 months, semiannual

(A Cohortstudy
®n=19
(C) Dutch (D) 3-9 months.

(A Cohortstudy
®)n=169
(C) Engish (0) 3 months, annual

(A Cohortstudy

®n=141

(©) Chinoso

D) 2 woeks (early impaiment, 6
months (ate impairment)

(A) Cohort Study.
®n=94

(©) American
) semiannual

(A) Conort study
®)n =142
(C) American
()90 days

{A) Conort study
®n=16

(C) Norwegian
(0) 12 months

Koivunen et al. 21) (A) Gohort study

Madurera et al
©2)

Mouin et al. (23)

Nakase etal. (24)

Planton et al. 25)

Tang tal. (26)

Tveiten ot &l 27)

Yong ot al. 28)

B)n =249
(©) Finnish (0) 9.7 years:

1 Cohortstudy
®n=57

0 Portuguese
©3months

(A) Conort study

®n=218

(©) French

(D)6 months, 12 months, annually

(A) Cohort study/comment
®n=266

(©) Japanese

) Acute phase

() Cohortstudy
®n=40
©) French (0) 3 months

() Conortstudy

®n=28

(©) Cninese

(©)3months

(8 Cohortstudy

®)n=44

(©) Norwegian (D) 3.8 years (mediar)

(8) Cohortstudy
®n=97

(©) American
(D)6 months.

Neuropsychological assessment
(A) Cognitive tests o tested domains
(B) Impairment Criteria

(C) Treatment of pre-existing
impairment

(A) National Institut of Neurological
Disorders and Stroke and Canadian Stioke.
Network (NINDS-CSN) battery; Montreal
Cogniive Assessment

(MoCAYTelephone —MoCA (T-MoCA), Trail
Making Tasi Aand B (TMT-A and TMT8),
Verbal Fluency Letter Test, Consortium to
Estabish a Registy for Alzheimer's Disease.
(CERAD) battery, Global Deterioration Scale.
(@Ds)

(8) mild neurocognitive disorders (NCD)
criteria, DSM-5, Global Deterioration Scale
(@DS) 4-7 for premorbid dementia

(©) Excluded

(A) Auditory Verbal Leaming Test, Rey.
‘Complex Figure, Corsi Block-Tapping Test,
Stroop Test, Rey Complex Figue, Tral
Meaking Test, Wisconsin Card Sorting,
Colored Progressive Matrices, Controlled
(Oral Word Association, Animal Naming,
‘Aachner Naming subtest

®)ICD-10 diagnoses; impairment of
‘memory and one more domain. Etioogical
diagnos's folowing NINCS-ADRDA, National
Instiute of Neurological Disorders and
Stroke—Association Internationale pour ka
Recherche et IEnseignement en
Neurosciences (NINDS-AIREN) crteria

(©) Excluded

(A) Spanish Informant Questionnaire on
Cogitive Deciine n the Elderty (QCODE),
‘Short Portable Mental Status Questionnaire
(SPMSQ), neuropsych battery (mental status
‘questionnaire, Mini-mental State Evaiuation
(MMSE), visual and hoaring reaction time,
el tst, verbal fluency, picture recogriton,
word learming, logic memory, block test,
naming, token tost, simlarios, and
fawton-brody scale), and clinicalinterview
®) Ciical interview for diagnos's according
10 DSM-IV, NINDS-AIREN criteia for
vascular dementia

(€)Incuded as factor

{A) MVISE, premorbid KQCODE

(8) I0CODE = 64 for dementia, 253 for
impaiment

(©) Excluded dementa, impairent treated
asafactor

(A) Modified Tolephone nterview for
Cogitive Status (TICS-m)

(8 TICSm < 20, IQCODE > 33 (promorbid
exclusion critria)

(©) Exciuded

(A Blossed Dementia Scale (BDS) for
pre-mrbid dementia, Cambricge Cognitve
Examination and neuropsych battery.

(B) DSM-IV crteia for dementia appiied,
subclassifed according to NINDS-AIREN
(C) Included

(A MVISE or Abbreviated Mental Test (AMT)
in both acute phase and folow up

B) Cutoffs: MVISE = 24, AMT = 8

(C) Not assessed/available

(A) MoCA, short-MoCA.

(8)Impaiment: MoCA < 26, short:MoCA <
7

(©) Exciuded

(A Garegiver telephons interview
8) Impainent defned by presence of
deficits in memory or other areas relaive to
5-10 year basaine

(©) Included s factor

{#) Premorbid IQCODE, Mociffed
Mini-mental State Evaluation (3 MSE)
(B)3MSE < 80

(€)Included

{A) MMISE, Clock Drawing Test, TMT-Aand
-B, ropeated IQCODE

(B) Pre-existing cognitive impairment -
IQCODE > 3.44. Dementia diagnosed
‘acoording 10 1CD-10, mid cognitve
impainent defined according to Winbiad et
al.20)

(©) Excluded

{8 MoCA

(B) Mild impairment: MoCA 18-26,
‘moderate: MoCA 10-17, savere: <10

(C) Not assessed/available

1A MMSE, NINDS-AIREN battery
{8 MMSE < 16 (00 schooking), MUSE < 23
{1-10 yoars schooling), MMISE < 2811+
years schooing). Other tests: > 2 SDs
below mean (mid G, > 3 SOs below mean
{moderate G, > 4 SDs bolow mean (severs
o

(0)Excuded dementia

A Premorbic IGCODE, MMSE, NINDS-CSN
Vi battery

{8)/QCODE betweon 53 and 63 for
impaimnont, MMSE < 27, domantia
dagnosed based on National nstute on
Aging—Azheimer's Associaion (NA-AA)
citera for al-cause dementia, Impairent
dagnosed by history

(0)Bxcuded dameni, impainment reated
asafactor

@-
(8) DSM-V criteia for cogitive impairment
(C) Not assessd/avaiable.

() Premorbic IQCODE, MMSE, Free and
Cued Sdlective Reminding Tost (FCSAT),
Delayed Matched Sample test, FAB, TMT-A,
Stroop test, Digit Span Forward and
Backward, Mahieux's test

(B)IQCODE > 3.4 for cogritive decine,
VAS-COG ciiteria (mid = 1+ impaied
‘domain within 1-2 SDs of normal, major =
24 impaired domains 2+ SDs below norm)
(©) Exciuded

(A) IGCODE, MMSE
B) Post siroke dementia diagnosed based
on DSV criteria or vascular dementia
C)Inciuded as factor

() MoCA

(8) MoCA < 23, MoCA = 25

(C) Not assessed/avaiable

(A Standzrdized notes from clncal
folow-up.

(B) Mid Ci determined when patients had
impared cogtion but preserved
independence, dementia dsfined as.
cognitive decine that nterfered with work or
daly actiies. Followed NIA-AA workgroup
citeria

(C) Exciuded dementia, impairent treated.
asafactor

Imaging Other assessments Other factors
() Modality (A) Glinicalaboratory risk factors.
(B) ICH markers. (8) Social risk factors.
(©) Other factors. (©) Medication
- National Insiitute of Health Stroke Scale ~

(NIHSS),stroke latraity, BarthelIndex

(B, modiied Rarkin Scale (mRS)
(A CTand MR MRS, Montgomery-Asberg Depression (A) Previous stroke, transient ischornic

(8 Lobar/noniobarunknown ICH, Rating Scalo (MADRS) attack (T, and alral oitation

cortical atrophy, white matter ®) Age, sex, and education (>8 or

Pyperintensites (WMH) (Fazekas scale =8 years)

0-1v5. 2-3), lacune presence, ©-

microbleed presence

(A CT and MRl - (A) APOE genotype (E2/E3/E4), history of

(B) CT-defined white matte disease mood disorder, hypertension,ischermic

(WMD), MRl whito matter heart disease, atrial irilaton, diabates,

yperintensites WMH), MR cerebrel ‘anity disorder, prir lobar ICH, prior

microbleeds (CMBS), Ronlobar ICH, and priorischemic stroke

obar/deap/cerebelar/multipl location ) Age, race (European

ICH, ICH volume, AmericanvAfticen Amerca/Asian

intraventicuar extension AmericanvHispenic/Other), education
(<102 10years)
(©) Antplateet agents, wartarin,statins,
antiypertensive agens, selective
serotonin euptake inhibitors (SSAls)

{4 MRl and GT/MR angiography NHSS (8 Admission sB, hypertension,

(B WMH severty (Fazekes), ICH location ciabetes melitus, excessive smoking,

fobarioriobar), hematoma size, excossve dinking,fover, constipation,

inteacranialarteial stenosis hyperglycemia, hyponatremia, C-reactive
protein (CRP), ed blood cell count
(RBC), white blood cell count (WEC),
hemogiobin, hematoct, mean
orpuscuar volume, mean corpuscuiar
hemogiobin, mean corpuscuar
hemogiobin concentration, red cell
distouton width, total protein, alburin,
alanine aminotransierase, aspartate
aminotransferaso, dlarine
aminotransierase/aspartate
aminotranslerase rato, blood oxygen
wrea, croatiine, osimated gomeruar
fitration rate, fasting blood gucose, low
density poprotein, homocysteine
(8) Age, sex, and education
(9/>9 years) (©)-

{4 MR rotum scans after 12, mRs (8 Hypertension, Cogntive Impaimen,

18 months (B) Hemorthage size (micro <
5mm, macro > 5mm), location

Previous ICH, APOE Genotype (EY/E2
orE4)

(8)Age (= 75/ < 75), Sox

©-

- NIHSS, activites of daly ife (ADL),
instrumental activies of daly ffe (ADL)
stroke-specific quaty ofife, Glasgow
Coma Scale (GCS),

(8 Pre-ICH MRS (0-1/2-3/4+),atrial
foilaion, ciabetes melits,
hypertension, stroke history, body.
mass index

(8) Age, ethricity (Mexican
Americarvnon-Hispanic Write), sex,
maital status (maried or ing
together/single/vidowed/dvorced),
Education (Less than high schodl, high
school, somo college, college or more),
Health insurance, history of smoking,
*Do Not Resustate” (ONR) orders.
©-

wer
(8) Hematoma volume, ICH location,
intraventricuiar extension, muliple
hemonthages, hycrocephalus, hermiation

Beck Depression Inventory (BD),
Hospital Aniety and Depression Scale,
Pain Anxiety Scale, Brief Pain inventory
0. 1-48, 49-72, 73-120), RS

(A~ (B) Age (16-20/30-39/40-49) (©) -

®CTmR Blossod Domentia Scal, Hamiton (A Hypertenson, diabales melits, atril
(B) ICH location (Cortical/Subcortical,  Depression Rating Scale (= 13), MRS fibrillation, previous stroke, acute aphasia
10H ltealty 2 8 Age, gendor, ecucaton (years),
alcohl consumption
©-
(M) CT and MRI Premorbid mRS (dependency > 2), (A) Previous stroke or TIA, ischemic
(8 CHiocation NS heart disease, atial

lobar/nonlobar/undatermined), ICH
volume, cortical arophy (0-),
leukoaraiosis (0~3), Cortical Supertical
Siderosis (ocalisseminated), WMH
(Fazekas 0-3), lacun presance,
microbleeds (Brain Observer Microbleed
Scale (BOMBS)]

florlation, hypercholesterdlemia
(8)Age, s, love of education (~8/<8
years), smoking, lconal nteke

©-

- NIHSS (acmissionvcischarge) (4 WBC, GRP, estimated glomeruiar
filration rate, hypertension,
hyperipidemia, diabetes melitus

(8) Age, gender

©-

() APOE E2, APOE E4, hypertension,
diabates, dyslpidemia, obesiy,

previous stroke

(B) Age. gender, education (years), delay
from ICH to scan, delay from ICH to
‘assessment, smoking,

(©) Antiptateet use

MR
(8) Whito matter hyperintensitios
(Fazokas), number of corebral
microbleeds (BOMBS), presence of
‘superficial corticalsidorosis, ICH volume,
ICH lateraity

MADRS, B0I, NIHSS onset, NIHSS at
folow-up, MRS atfolow-up

(8) CT (8)ICH location
(obar/desp/brainstem/corobelum), ICH
volume, intraventricular extension,

GOS (3-4/5-12/14-15) (A) Diabetes melitus, coronary heart
disease, atia iorilaion, hypartension

(8) Age (years), sex, low education (isted

leukoaraiosis s0ore (0-4) s clomentary school only, 7 years up to
1960, or 9 years thereatte), smoking
©-

wer - (A History of hemorthagio stroke,

(B) CH volume, hypertension, ciabetes,

nlraventriculr extension,lacunes, M8
number, CMBs 2 5, WMH volume, total
brain volume, WMH (Fazekas), eniarged
perivascuiar spaces, focal GSS burden,
disseminated GSS burden, giobal
cortical arophy, CSVD score, CSVD.
‘score binarized (3, <3)

hypercholesterclemia, pre-existing MCI
(8) Age (years), sex, educaton (none,
1-6 years, 7-9 yoars, 10-13 years,
144 years)

©-

Results
() Rate of impairment at follow-up
(8) Factors for impairment

(C) Other notes

(A Impaimnent probabiity: 0.66 at 3 months, ~0.53 at
18 months.

®-

(©) Language impaired at 8 months, recovered at 18.
Recovery non-significant. Study underpowered

(8) 174 patients developed dementia
®) Not explored n CH
©-

(8)8/29 (27.5%) post-stroke dementia n hemonthagic
stioke

) Not explored in ICH

©-

(A 37% of patients showed decine during follow-up,
moctan docing o 1 MVISE point poryoar

{B) Decline in overall cohort significantly linked to.
premorbid IQCODE = 53, with marginal significance for
‘age, female sex, previous stroke/TIA, microbleed
presence, WM sevet,corlical atrophy severty
Docino in palints vithout po-oxitig impaimant
nked on to praious and folow-up sfoke/TIA, i
marginal significance for cortical atrophy

(C) Baseline MMSE was 27.

(A 279/738 (39%) doveloped dementia after ICH. 5.2%.
ICH recumencelyear. 1401738 (19%) developed
‘dementia within 6 months (EPID), 130/738 (19%)
‘developed after 6 months (OPID)

(B) EPID significantly associated with Afican American
race, ICH location, ICH volume, age, APOE E2. DPID.
significantly associated with age, education level,
Afcan-American race, diagnosis of mood disorder,
WD soverty, obar CMB burden, APOE E4

©-

(A 8/19ICH patients showed demenia on follow-up
(B) Not explored in [CH
©-

(A 68/169 impaired (40.2%) at 3 months.
(8) Not explored in ICH
©-

(A) 106/141 (75.2%) with acute stage impairment.
57/90 (63.3%) surviving impaired patients showed Cl at
6 months

®) Acutompament snifcanty nked to aga,
‘dominant-hemisphere hemorrhage, intake sBP.
aspertate aminotranserase, rato of sprtate
aminotransferase o alanine aminotransieraso, W
Severy, and constipation in unvariato anayss nako
58P and domant hemisphare homorthage
independently associated with impairment in
multivariate assessment. Patients with larger baseline
hematoma, lower NIHSS scere, dominent hemisphere
or lobar ICH, and higher mean corpuscular volume or
‘mean corpuscular hemoglobin showed worse recovery:
at 6 months. Age and education marginal significance
for recovery. Multivariate results showed association
vilh dominant homisphero hemorthage, e ICH,
educaton, and mean copuscular volme

(C) Survivors with recovery more likely to have better
basaine visuospatialexecuive, languege, atfenton, and
orentaion sores.

(A) 53 survived index event without immediate
occunrence/history of death or cognitive impairment.
10/53 became cogntely/unctonaly mpaired orded
vithin amean of 279 menths

(B) Greato hemorthage burden at baseine inceasect
hazard. Baseline hemorthages were significantly
assocated oven in non-recuent cases and the
presence of new hemorrhages at follow-up was not
procctvo of decine

©-

3MSE data avaab or 79/107 patents

B) Outcome 3 MSE scores were significantly worse in
Mexican American patients

©-

(8 7/16 impaired (4 with vascuiar dementia (vaD). 3 with
‘mixed pathology; 43.76%)

®) Not explored in ICH

©-

w-
(B) MoCA scores significanty linked to age and mRS.
score, increasing with lower age and disabilty
(©)Median age of 50.3, median folow up tme of 9.7
years.

-

®) Patients with no cogpitve defiits had significanty
higher education levels

©-

%63 (28.9%) developed now-onsat demantia, 60
(81.7%) diod. 29/69 deceased developed demantia
prior 0 dath Incidonce rate of 14.2% (1 year), 19.8%
(@ years), 24.5% (3 yoars), 28:3% (4 yoars)

®) Age. previous stroke, pre-existing impaiment,
NIHSS at onset, obar locaton,leukoaraiosis score (23),
and occurtence of secondary stroke/TIA during folow
up were baseine characterstcs significanty nked to
new-onsat dementia. Microbioed number (>6),
disseminated suparficia sderosi, altophy 5coro, and
age signifcant associated in MRI characteristc model.
Baseine characterstios associated vih post-obar-iCH
cogriive impaiment (C) (age adjusted); Levicoaraosis
score (23), NIHSS, cortcal trophy score, pr-exsting
I, idor ago. MR characteristics assodiated with
post-obar ICH Gl (ago-adjustod): dissominated
Superfcial sderosi, cortcal aliophy Score, pravious
hemorthage, oider 2ge
(€)Modian foow-up of 6 years, modian intorval of 12
‘months between [CH and dementia diagnosis

(4 497256 cogritvey heathy indicuals developed
impaiment after ICH

(8) mpaied group had signifcanty higher NHSS at
adimission and discharge, igher GRP and WBC.

(C) GRP and WEG indicate infamemation

4 Finalcohort had 20 patents with deep ICH and 20
with lobar ICH

8) CH vokue, teraly, presance of CSS, presence of
stictylobar microbleeds, hypertension, and
ysipidomnia signficanty diforont botwoen doop and
‘GAA-rlated ICH groups. CAA and deep ICH groups
had significantly worse MMSE scores, FOSRT, Stroop
‘denomination and reading tmes, TMT-A times, and
TMT. A tmes than healthy contrls. Decp ICH alone had
signifcantly worse FAB scores and TMT-A e rtes,
‘whie GAA-ICH had worse scoresin the backward gt
span and naring tasks

(C)Median delay for testng was & monts afterICH.

(% 4/231CH pationts developed post-stroke dementa
17.3%

) Not exploredin ICH

©-

(A MoCA assessadiin 44 patients out of gl cohort
of 51. 27144 (61.4%) foll bolow = 23 cutoft, 31/44 (719
foll beow = 25 cutoff.

8 Univariate analyss found age, sex, low education,
Iobar IGH, and loukoaraosis score assodiated Wi
MoGA = 23, whie multvariate analysis found
significance for age and lobar ICH locaton. The same
factors were found fo the MoGA = 25 threshold

©-

(42597 patients (25.8%) without earty dementia
developed domentia during the folow-up time
(ncidence rate of 37.4%)

(©) Otder age, lower education, pre-exsting MO, obar
‘GMBs > 5, WMH burden, dissominated CSS, highar
COSVD score were assocated with domentia
‘conversion i unaiate analysis. Separate models
croated for mutivariablo analyssfor imaging and
clrical'socia actors. Only MG hstory associated with
‘dementia conversion in cinica/socilfactors, whie
dissominatod CSS and WH burden independanty
precicted conversion in the neuroimaging mod.
‘Sonsitvty analysis combining MCI status with
dissominatod CSS and WIVH burdon found al factors to
o preciciive of conversion. MG history and CSVD
Score o GAA 2 8 precicted conversion n backwards
Stopwiso modol

(C) Mean follow-up time of 2.5 years,
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Method
(A) Design

(B) Cohort size

(C) Cohort nationality.

(D) Assessment/follow-up times

{A) Case-control study
(®)n = 14 (CH)
() Mexican (D) 3 months.

) Case-control sudy
B)n =187
(O Engand
O 12das

{A) Case-control study
B)n=16723

(©) Danish

o-

{A) Case-control study

®n=5

(©) Japanese

(D) 46 years (mean to first
‘assessment),folow-up during 4.8
Year period.

{A) Gase-control study
®n=17

(© Dutch

(D) within 3 wesks of event,
o folow-up

{A) Case-control study
®n=23
(C) American (O] Annual

(A) Case-control study
®n=312

(©) Tewanese

(0) within 8 months.

Neuropsychological assessment
(A) Cognitive tests or tosted domains

(B) Impairment criteria

(©) Treatment of pre-existing impairment

{A) Pre-stroke Informant Questionnaire on
‘Cognitve Deciine n the Eiderty IQCODE)
Cognitve Abilties Screening Instrument,
Clinical Dementia Rating scale, Calforia
Verbal Learming Test, Wechsler Adult
Inteligence Scale, Controlled Word
Associaton Test, Executve Inteview Tost,
Executive Clock Drawing Task

(B) Canadian criteria for vascular cogniive
impainment (VC) without dementia, DSM-4
dementia criteria

(©) Excluded

{A) Premorbid functon, current intelectual
function, verbal and visual memory, naming,
visuospatial percoption, nformation
‘processing speed, executive function

(8) Performance at or below 5th percentie for
‘any domain; executive: falre on 2+
standarcized tests, intellectual functioning;
diflerence of 10+ points between verbal or
‘performance IQ measures

{0) Not assessed/avaiable

(A None stated

(8)1CD-10 domentia diagnosis

{©) Not assessed/avaiable

(A) Mink-mental Stato Evaluation (MMSE),
Hasegawa Dementia Raling Scale-revised
(HDS-R), Frontal Assessment Batery (FAB)
(B) MMSE < 23 for post-stroke dementia
‘Conversion defined by MMSE crop of 4+
points

(©) Excluded

{A) Short IGOODE, 7-domain neurocogritive
‘assessment (Raven Advanced Progressive
Matices and Simiarites, Digit Span, Rey
Auditory Verbal Learring Tost, Brixton Spatial
Anticipation Test, Visual Blevator, Lotter
Fiuency, Judgement of Lino Oriontation, Test
o Facial Recognition, Rey-Osterrieth
‘Complex Figure, Corsi Block Span, Token
Test, Boston Naming Test, Star Canceation)
(B)IQCODE =36

{©) Excluded

(A MMSE

®-

(0) Not assessed/avaiabie

(A) MMSE, Battery drawn from other
tests-Digit Span, Visual memory span,
Wechsler Momory Scalo-Ravised serial-seven
‘sublractions (fom MMSE), block design (fom
‘Wechsler Adult Inteligence Scale-Rexised),
Hooper Visual Organization test, Spatial
reationships and Form constancy (from Test
of Visual-Perceptual Skils), Time and place
(from MMSE), 155 delayed recal, Form D
(ffom Benton visuzl retenton test), Verbal
‘memory scale, Receplive Speech end
Expressive speech (fom Lura-Nebraska
Neuropsychological Battery), Wisconsin Cart
Sorting Test

®) impaiment defined as a z:score of 24
SDs below control mean

(©) Exciuded

Imaging
®) Modaity

() 10H markers
(C) Other factors

(A) CT and MRI (B) Lobar/non-fober ICH,
probable CAA (Boston criteria),

(A) MRIand endothelal function scan
(B) Reactive hyperemia index,
augmentation index, pariventricular
hyperintensiy severity (Fazekas), deep
‘white matter hyperintensiy (Fazekas),
microbled number

WMR
(B)ICH volume, ICH ateraiy, small
infercts, T1 basal ganglia nfarcts, large
infarcts, Focal brain alrophy, perivascular
‘spaces (mid/marked), cortcal infarcts,
‘white matter branstem lesions.
(minimalimoderate or sovers)

WCTorMRI
8) ICH lateraty, ventriculr extension

Other assessments

NIH Stroke Scale (IHSS): stoke.
lateralty, subcorical/cortical, and
anterior/posterior crculation; Barthel
Index (B), modified Rankin Scale (TRS)

Stroke lateraty

Gerialrc Depression Scalo (GDS),
Apathy Scale (AS),

Inital GCS

Other factors
(A) Glinicalaboratory risk factors.
(B) Social risk factors.

(©) Medication

() Homocysteine, hypercholesterolemia,
transient ischemic attacks (TIAS),
diabetes melitus, hypertension

(B) Smoking, alcohal, age, sex,
‘education tyears) education (0-9 vs.
10-17 yoars)

©-

(A~ ®) Age, sex, and years
of education (0) -

(A) Tim from frst-ever stroke, Bocly
‘mass index (B abdominal
circumference, hypertension,
dysipidemia, diabotes, atral fibilation,
ischemic heart diseas,

(‘5:1' ‘Age, gender, education (years)
©-

(A) Hypertension, diabetes maiitus,
‘cogriive heart faiure, previous stroke,
‘serum cholesterol, BMI, AND sBP

(B) Age, sex, elhnicity (White/Affcan
American),

smoking (never/former/curent)

(©) Wartain, aspirin

(A Crariotomy
(8) Age tyears), education (years),
©-

Results
() Rate of impairment at follow-up
(8) Factors for impairment

(C) Other notes

(A) 2 cases of dementia (14%), 10 cases of cognitive
impaiment (71%)

(8) No factors significanty assodiated to outcome, VCI
‘contributed to poorer MRS

©-

) 845 impaired in 14+ domain, 65% in 2+ domains.
Nonverbal 10, processing speed, and_executive
functon most commorly disrupted. Naming, iuospatal
processing, and verbal memory less common

®-

(6)Lobar ICH mora kel to bo cider,fomal, afected in
24 domains, Probable CAA patients were signifcanty
older and had more bilateral hemorthages.

{4 455% of ICH patents ci not sunve for 3 months.
Hazard rato of 2.7. Ratos: 3-12 months: 207, 1-10
years: 136, 10-30 years: 10.7

8 Hemorthagic stoke had igher risk of dementia than
ischomic

(€) Records collected from 30 year period (1982-2013).
Straifed nto 3-12 months/1-10 years/ 10-30 years

() 075 ICH patients developed post-siroke dementa
during tho ollow-up perod

®-

(0)Limited ICH popuition

(4 1417 patents impaiied in 2+ domains, 317
unimpaired

8) Not explored in ICH

©-

(A) MMSE scores higher in ICH group than control at 3
year follow up, however scores were simiar at § year
folow-up.

®) Factors not significanty difforont botween persons
with and without ICH, no impainent for assessment at
5-year folow-up.

(€) Focused on asymptomatic ICH. Median folow-up
tme for sample was 82.6 months.

(W) MMSE scores were signifcantly lower in the
ICH population. Between-group  diferences  found
between ICH and healthy indviduals in attention,
memory, visuospatia function, and executive function.
Visuospatil function and memory had greatest rates
of significant impaimnent, 90% of patients with MVISE
scores <24 had impaiment in 6-7 domains. Cognitive
test predictors were able to iscriminate patients from
contols with 95.5% accuacy

(B) Stoke lateralty correlated with all domains except
for attention and memory, mid coriation between
admission GCS and executive function. Right ICH
perfomed worse in visuospatial and executive function,
patients with loft ICH performed worsa in language and
memory

(©)ICH population had signficanty fewor fomalos than
healthy controis
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