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ABSTRACT 

Objective: Hypertension is the commonest cause of acute spontaneous intracerebral hemorrhage ICH which is life-threatening with a 

poor prognosis. The study aims to evaluate the cognitive impairment in patients presented by ICH. Methods: The patients were 
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assessed at the onset by clinical, radiological, and severity scores (National Institutes of Health Stroke Scale NIHSS, Glasgow Coma 

Scale score GCS, modified Rankin Scale mRS). After 3 months they were classified according to the Montreal Cognitive Assessment 

MoCA score into preserved cognition ≥26 and impaired cognition <26. Independent factors that were significantly related to 

cognitive decline were assessed by multivariate logistic regression. Correlation of the cognitive impairment in ICH and NIHSS, GCS, 

mRS, and control of blood pressure BP was calculated by Spearman’s correlation. Results: Systolic BP at the onset of ICH, 6, 24 hours 

after admission was higher in patients with impaired cognition (P=0.01, 0.009, and 0.01 respectively). The independent variables 

related to cognitive impairment were older age and female gender (P=0.02, 0.04 respectively), and lower systolic blood pressure 

six hours after admission to hospital (P=0.006), increased mRS (P=0.003), the larger volume of hematoma (P=0.04), infratentorial ICH 

(P=0.02), and presence of hydrocephalic changes (P=0.004). Conclusion: Proper control and monitoring of the blood pressure in 

patients with acute ICH must be initiated immediately especially in the first six hours after hospitalization. 

 

Keywords: Intracerebral hemorrhage, Hypertension, Glasgow Coma Scale, NIHSS, modified Rankin Scale 

 

 

 

1. INTRODUCTION 

Although there is an interrelationship between stroke and dementia, post-stroke cognitive decline is frequently not well known 

(Brainin et al., 2015). Intracerebral hemorrhage (ICH) accounts for about 10-15% of all strokes in worldwide (Azab et al., 2006). While, 

the incidence of ICH in Egypt was estimated to be 49.9–61.2 patients per 100,000 persons, at the year 2010, so the incidence is 

increased in comparison to what was estimated at 1990 (40.8–47.4 per 100,000 persons) (Feigin et al., 2010; Mahdy et al., 2019).  

Many researchers stated that there is a high rate of long-term cognitive decline or recent post-stroke dementia after ICH (Moulin et 

al., 2016; Biffi et al., 2016; Tveiten et al., 2014). Many studies have investigated the effects of intensive blood pressure (BP) lowering 

in ICH especially the effects of cognitive impairment, frequency, and their predictors (Anderson et al., 2008, You et al., 2017; Sachdev 

et al., 2014; Desmond et al., 2000; Tang et al., 2004: Hosomi et al., 2009). This study aimed to estimate the percentage of post-

hemorrhagic stroke dementia in hospitalized patients for acute spontaneous ICH, the predictors and the effect of intensive lowering 

of blood pressure at the onset. 

 

2. METHODS 

Study Design and Participants 

A multi-center, prospective cohort study was conducted on 252 patients with acute first-ever spontaneous ICH within 24 hours of 

onset. Patients were admitted to the Department of Neurology of Mansoura University Hospital, in cooperation with Saudi German 

Hospital and Mouwasat Hospital, KSA during the period from May 2018 to the end of April 2019. Patients were excluded if they have 

any one of the following causes: severe impairment of consciousness, severe mental disorders or dementia, severe systemic diseases, 

severe hepatic dysfunction, severe renal dysfunction, or aphasia, along with uncooperative patients. 

 

Ethical approval 

All patients or first degree relatives provided written informed consent. The study was approved by the Institutional Review Board of 

Faculty of Medicine, Mansoura University, Egypt (proposal code: R.19.09.606). Also, it was approved by ClinicalTrials.gov (Identifier: 

NCT04167644). 

 

On admission 

1-Clinical evaluation  

A history of vascular risk factors was obtained for each patient. Complete general and neurological examinations were done. Routine 

laboratory examinations including CBC, blood sugar, coagulation tests, renal and hepatic functions were done. Initial National 

Institutes of Health Stroke Scale (NIHSS) and Glasgow Coma Scale score (GCS) were calculated to assess the stroke severity and early 

morbidity. NIHSS were divided into three subgroups that include mild {0–5}, moderate {6–15}, and severe {≥ 16} (Kuster et al., 2016). 

According to the initial Glasgow Coma Scale score, upon admission to the hospital, patients were classified into 3 groups: I (13-15), II 

(5-12), and III (3-4) according to Hemphill et al., 2001. The assessment of stroke outcomes and the degree of disability were 

evaluated by the modified Rankin Scale (mRS). Favorable outcomes were defined as mRS ranges of zero to two and unfavorable 

outcomes from three to six (Banks and Marotta, 2007).  

 

https://www.synonyms.com/synonym/frequently
https://ejnpn.springeropen.com/articles/10.1186/s41983-019-0056-0#auth-1
https://www.sciencedirect.com/topics/medicine-and-dentistry/neurosurgery
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2-Radiological assessment 

A CT scan was done for all patients at the onset of admission to the hospital for the diagnosis and to determine the characteristics of 

spontaneous ICH. The volume of the ICH was determined by utilizing the ABC/2 method: (A) is the greatest diameter on the largest 

ICH cut, (B) is the diameter perpendicular to A, and, (C) is the number of axial cuts of ICH multiplied by the thickness of cuts (Maeda 

et al., 2013; Hu et al., 2016). The location of the ICH, whether infratentorial or supratentorial, was determined. Also, the presence of 

intraventricular hemorrhage (IVH), shift of midline structure, or hydrocephalic changes were determined. Regarding ICH volume, 

patients were partitioned into two groups (< 30 cm3 and ≥30 cm3) (Shi et al., 2019; Esmael et al, 2016).  

 

3-Intensive management of blood pressure  

Intensive management of BP started once the diagnosis of intracerebral hemorrhage was established and after continuous blood 

pressure monitoring in the first 24 hours. Systolic blood pressure targeted a pressure of 140 mm Hg by IV drug that lowers BP like 

nicardipine or diltiazem. Oral antihypertensive medications like Angiotensin II Receptor Blockers (ARBs) or Calcium channel blockers, 

after 24 hours of hospitalization, were utilized together and gradually changed from intravenous administration. 

 

Follow up after 3 months  

Cognitive function was assessed by using the Montreal Cognitive Assessment (MoCA) score. Cognitive impairment was considered 

present when MoCA scores were < 26. Patients have partitioned into two main groups: patients with preserved cognition (MoCA 

score ≥26) and patients with impaired cognition (MoCA score < 26) (Campbell et al., 2016; Shen et al., 2016). 

 

Statistical analysis 

SPSS version 19.0 was utilized for statistical analysis. Data were collected and displayed as number proportions, mean ± standard 

deviation, and range. Patients within the preserved cognition group and patients within the impaired cognition group were 

compared via chi-square measurement. For variables with ordinary distributions and homogeneous variances, Student’s t-test was 

utilized to check the significant difference between the mean ± standard deviation values in the two groups. P-Values < 0.05 were 

considered statistically significant results. Multivariate logistic regression analysis was accomplished for the independent variables or 

factors that were accompanied by cognitive impairment: older ages, GCS at admission, initial NIHSS score, systolic BP 6 hours after 

admission, radiological findings (such as hydrocephalus), larger hematoma volume, and infratentorial location of ICH. 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/nicardipine
https://www.sciencedirect.com/topics/medicine-and-dentistry/diltiazem
https://www.sciencedirect.com/topics/medicine-and-dentistry/antihypertensive-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/intravenous-drug-administration
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3. RESULTS 

The study was conducted on 252 patients with ICH. The excluded patients were 14 patients with severe impairment of 

consciousness, 4 patients with severe mental disorders or dementia, 4 patients with severe systemic diseases, 11 patients with severe 

hepatic dysfunction, 6 patients with severe renal dysfunction, 17 patients with aphasia, and 15 uncooperative patients. In the follow-

up, after 3 months, 23 patients died and 8 patients were not come for follow-up treatment again to clinic (Figure 1). The final study 

and analysis of results were thus conducted on 150 patients with an average age of 70.1±13 years including 68 females and 82 

males.  

 

ICH patients and MoCA Scale (Table 1) 

MoCA Scale scores were calculated after discharge and, accordingly, patients were divided into two main groups: patients with 

preserved cognition (76.7%, 115 patients, MoCA ≥ 26), and patients with impaired cognition (23.3%, 35 patients, MoCA < 26). MoCA 

test results of the patients showed that total MoCA scores of the ICH cognitively impaired patients were significantly lower than 

those of the cognitively preserved (22.14 ± 3.32 vs 27.09 ± 2.68, P <0.001). Also, there was clear impairment in domains of memory, 

executive functions, naming, and attention. On the other hand, the domains of the visual-spatial ability, language, and orientation 

were slightly decreased in ICH cognitively impaired patients without statistical significance. 

 

Table 1 Summary and comparison regarding the MoCA scale items in both groups. 

MoCA test score Items 

Preserved Cognition 

MoCA ≥26 

Number (%) 115 (76.7%) 

Impaired Cognition 

MoCA<26 

Number (%) 35 (23.3%) 

 

P-Value 

Visual-spatial ability 3.64 ± 1.07 3.35 ± 1.23 0.47 

Naming 2.47 ± 0.52 2.19 ± 0.41 P <0.05* 

Executive functions 3.42 ± 0.54 2.53 ± 1.29 P <0.05* 

Attention 4.31 ± 0.69 3.76 ± 1.25 0.01 * 

Language 2.66 ± 0.23 2.41 ± 0.54 0.08 

Memory 4.32 ± 0.68 3.46 ± 1.17 P <0.005* 

Orientation 5.13 ± 0.55 4.96 ± 0.98 P= 0.09 

Total MoCA score 27.09 ± 2.68 22.14 ± 3.32 P<0.005* 

MoCA: Montreal Cognitive Assessment, ICH: Intracerebral hemorrhage 

 

Demographics and risk factors of ICH in both groups (Table 2) 

Old age and female gender were factors associated with higher statistically significant cognitive impairment (P= 0.02 and P= 0.04 

respectively). Also, patients with hepatic diseases were significantly associated with impaired cognition in cases of ICH (P= 0.01) 

Other risk factors like hypertension, diabetes mellitus, ischemic heart disease, antiplatelet or anticoagulants, and renal impairment 

were not associated with significant impairment of cognition. A higher, non-significant percentage of cases had within normal renal 

and hepatic functions in patients with better outcomes (P= 0.31 and P = 0.16 respectively). 

 

Table 2 Summary and comparison regarding the demographic data and risk factors in both groups 

P-Value 
Impaired Cognition (35) 

MoCA<26 

Preserved Cognition (115) 

MoCA ≥26 
Variable 

 

P= 0.02* 

Age  (Mean± SD)  70.1±13 years 

2 15 < 50 

7 44 50-64 

11 33 65-79 

15 23 ≥80 

P = 0.04* 21/14 47/68 Female/Male   

P = 0.67 26 77 Hypertension 

P = 0.77 7 16 Diabetes Mellitus 

P = 0.01* 10 13 Hepatic disease 
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P = 0.55 7 18 Renal impairment 

P = 0.43 5 11 
Ischemic Heart 

Disease 

P = 0.45 6 14 
Anticoagulant or 

antiplatelet 

  *statistically significant 

 

NIHSS, GCS, and mRS in cognitively impaired patients in ICH (Table 3)  

Table 3 showed that patients with impaired cognition were associated with a significantly higher NIHSS, mRS (P= 0.003). Regarding 

GCS at the onset, a GCS score of 13 to 15 was associated with higher statistically significant preserved cognition and a GCS score of 

3 to 4 was associated with more significantly impaired cognition (P= 0.005). Also, there was a significantly prolonged duration of 

hospitalization in patients with impairment of cognition (P= 0.01). 

 

Radiological findings of ICH and its relation to cognition 

Patients with impaired cognition were associated with significant hydrocephalic changes (P= 0.004) followed by a larger hematoma 

volume of ≥ 30 cm3 (P=0.04), and the infratentorial location of ICH (P=0.02). Also, IVH and shift of midline structures were 

accompanied by significant impairment of cognition (P=0.048 and 0.046 respectively) (Figure 2, Table 3).  

 

  

Figure 2 Brain CT for female 75 years old showing intracerebral hemorrhage. 

 

Table 3 Summary and comparison regarding the clinical scales, radiological findings in both groups 

Variable 
Preserved Cognition (115) 

MoCA ≥26 

Impaired Cognition (35) 

MoCA<26 
P-Value 

Initial NIHSS 

0-5 57 7 

P= 0.001* 6-15 38 13 

≥16 20 15 

mRS  N (%) 
0-2 81 15 

P= 0.003* 
3-6 34 20 

GCS 

13–15 71 6  

P < 0.001* 

 

5–12 43 11 

3–4 1 18 

Duration of hospitalization 11.2 ± 8.9 17.98 ± 9.6 P =0.01* 
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(day) 

Volume of ICH 
< 30 cm3 68 14 

0.04* 
≥30 cm3 47 21 

Site of ICH 
Supratentorial 85 19 

0.02* 
Infratentorial 30 16 

Intraventricular hemorrhage 

(52) 
35 17 P = 0.048* 

Midline shift (48) 32 16 P = 0.004* 

Hydrocephalus (37) 22 15 P = 0.004* 

MoCA: Montreal Cognitive Assessment, ICH: Intracerebral hemorrhage, mRS: modified Rankin Scale, GCS: Glasgow 

Coma Scale. IVH: Intraventricular hemorrhage. 

 *statistically significant 

 

Brain CT for female 75 years old showing large Right sided intracerebral hematoma with a significant mass effect causing midline 

shift, compression of the right lateral ventricle and third ventricle and effacement of right cortical sulci with hydrocephalic changes 

(dilatation of the temporal horns of the lateral ventricles). 

 

Management of blood pressure in acute ICH patients (Table 4) 

The systolic BP at the onset of ICH was higher in the cognitively impaired patients (P=0.01). The diastolic BP one hour after 

admission to the hospital was significantly lower in patients with preserved cognition (P=0.009). Systolic BP six hours after admission 

to hospital and systolic BP 24 hours after admission to hospital were significantly higher in the cognitively impaired patients 

(P=0.006 and 0.01 respectively).   

 

Table 4 Comparison of the management of blood pressure in both groups 

Blood pressure (BP) 
Preserved 

Cognition (115) 

Impaired Cognition 

(35) 
P-value 

At onset 
Systolic 179.92 ± 28.24 192.32 ± 22.11 P = 0.01* 

Diastolic 98.87 ± 21.21 103.71 ± 18.95 P = 0.19 

After 1 hour 

Systolic 152.7 ± 19.25 158.65 ± 18.67 P = 0.08 

Diastolic 90.93 ± 18.45 95.15 ± 15.72 P = 0.009* 

After 6 hour 
Systolic 138.1 ± 15.93 149.46 ± 17.87 P = 0.006* 

Diastolic 83.94 ± 14.26 87.35 ± 13.18 P = 0.17 

After 24 hour 
Systolic 136.92 ± 17.02 143.25 ± 17.16 P = 0.01* 

Diastolic 79.84 ± 13.96 82.12 ± 12.09 P = 0.25 

At discharge 
Systolic 126.32 ± 18.19 129.94 ± 19.27 P = 0.24 

Diastolic 78.79 ± 12.69 81.95 ± 10.98 P = 0.31 

*Statistically significant (t-test) 

 

Independent factors that were significantly related to cognitive impairment 

Independent factors that were significantly related to cognitive impairment were assessed by multivariate logistic regression. Table 5 

demonstrates that the independent factors associated with cognitive impairment at discharge from hospital were older age (OR 2. 

48, 95% CI 1.86–2.89 and P= 0.02), female sex (OR 2.32, 95% CI 1.72–2.74 and P= 0.04), lower level of consciousness at admission 

(GCS at admission) (OR 4.89 95% CI 3.39–7.28 and P< 0.001), higher NIHSS and stroke severity at admission  (OR 4.19 95% CI 3.39–

5.86 and P= 0.001), higher systolic BP six hours after hospitalization(OR 3.79, 95% CI 2.76–4.96 and P = 0.006), larger volume of 

hematoma ≥ 30 cm3(OR 2.31, 95% CI 1.62–2.84, P= 0.04), infratentorial ICH (OR 2. 37, 95% CI 1.91–2.79 and P= 0.02), and presence 

of hydrocephalus (OR 4.28, 95% CI 3.46–5.98 and P = 0.004). Spearman correlation showed a significantly high negative correlation 

between the total MoCA scale and the systolic blood pressure 6 hours after admission, the modified Rankin Scale and the initial 

NIHSS (r = - 0.73, P =0.006, & r = - 0.75, P = 0.003 and r = - 0.77, P = 0.001  respectively). However, there was a strong positive 

significant correlation between the total MoCA scale and the GCS (r = 0.81, P < 0.001) (Figure 3). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/glasgow-coma-scale
https://www.sciencedirect.com/topics/medicine-and-dentistry/glasgow-coma-scale
https://www.sciencedirect.com/topics/medicine-and-dentistry/multivariate-logistic-regression-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/multivariate-logistic-regression-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/multivariate-logistic-regression-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/multivariate-logistic-regression-analysis
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Figure 3 Correlation of total MoCA and A) GCS, B) NIHSS, C) mRS, and D) systolic BP after 6 hours of admission. 
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Table 5 The independent factors that were highly associated with the cognitive impairment in ICH   

Variables O R 95% CI P 

Age 2. 48 1.86–2.89 0.02** 

Female  2.32 1.72–2.74 0.04* 

NIHSS 4.19 3.39–5.86 0.001** 

Modified Rankin Scale 4.43 3.42–6.17 0.003 

GCS at admission 5.49 3.51–7.28 < 0.001** 

Systolic BP after 6 h 3.79 2.76–4.96 0.006** 

Hydrocephalus 4.28 3.46–5.98 0.004 

Volumes of ICH 2.31 1.62–2.84 0.04* 

Site of ICH (Infratentorial) 2. 37 1.91–2.79 0.02* 

Hepatic impairment 2. 53 1.98–3.18 0.01 

IVH – intraventricular hemorrhage; ICH – intracerebral hemorrhage; GCS – Glasgow Coma Scale; OR – odds ratio; CI – confidence 

interval. *statistically significant; ** Stronger statistical significant 

 

4. DISCUSSION 

The present multi-center prospective cohort study during one-year duration was carried out on 150 patients (82 males and 68 

females) with an acute spontaneous ICH, during their admission to the neurology departments. The current study stated that the 

prevalence of post-hemorrhagic stroke dementia was 23.3% 3 months after ICH and the cognitive decline was determined by MoCA 

scores less than 26 after 3 month’s follow-up period. The significant predictors' explanatory parameters associated with post-

hemorrhagic stroke dementia were elderly, female gender, history of hepatic disease, worse severity scales (higher NIHSS, mRS, GCS 

scores), prolonged duration of hospitalization, more severe radiological findings (hydrocephalic changes, larger hematoma volume 

≥30cm3, infratentorial location, presence of IVH and midline shift), and early high systolic BP at the onset up to 6 hours. Our results 

were in harmony with You et al. 2017; they stated that more than 1/3 of ICH patients had significant post-hemorrhagic stroke 

dementia at 3 months follow-up, as manifested by Mini-Mental State Exam (MMSE), scores ≤ 24. Their predictors were female 

gender, older age, history of ICH, more severe NIHSS scores, and early high systolic BP from the onset up to 24 hours. Many 

studies paid attention the percentage of the cognitive decline within four years after ICH that showed a range from 23 to 61%, 

(Moulin et al., 2016; Biffi et al., 2016; Tveiten et al., 2014; Garcia et al., 2013; Benedictus et al., 2015). The explanation for this wide 

variability probably was a result of various studied populations or different cognitive decline scales. Barba et al. 2000; stated that 

27.6% of the ICH patients showed a cognitive decline after 3 months in their small studied group (n = 29). The comparison of this 

study to You et al. 2017; showed that although our study with a smaller sample size of 150 ICH patients in comparison to 231 

patients, there is approximately a similar cognitive decline rate of 23.3% in comparison to 32.5% after 3 months. The available 

evidence indicates mechanistic bases for post-hemorrhagic stroke dementia that can be predicted within the first 3 months after 

ICH, especially with high blood pressure variability. The mechanistic bases remain unclear, but (1) chronic hypoperfusion leading to 

neuronal loss, (2) retrograde neurodegeneration from deafferentation because of lesions in other brain regions, or (3) vascular 

oxidative stress and inflammation, leading to neurovascular trophic failure, are potential contributing factors (Dai et al., 2008; Seo et 

al., 2012; Rosenberg, 2017; Guo et al., 2008). In the present work, the predictor for post-hemorrhagic stroke dementia was a severe 

stroke in elderly females, that was in harmony with earlier researches (Moulin et al., 2016; Tveiten et al., 2014; Sachdev et al., 2014; 

Desmond et al., 2000; Tang et al., 2004). Biffi et al. 2016, stated that bigger a hematoma measurement was a prognosticator for 

newly emerging dementia during the first 6 months after ICH (Biffi et al., 2016).   

The present results were in line with this data, as shown by impaired cognition patients associated with a larger hematoma 

volume of ≥ 30 cm3 (P=0.02).13 However, the You et al. 2017, did not find an association between hematoma volume and cognitive 

decline because of insufficiently large sample size as larger hematoma volume was excluded, the median of hematoma volume is 

19.4 mL in the Biffi et al. 2016, study, while the hematoma volume is only 8.5 mL in You et al.2017, study (You et al., 2017). Regarding 

the hematoma location, previous studies suggested that there is a strong interrelationship between lobar hemorrhage and recent 

cognitive decline (Moulin et al., 2016; Biffi et al., 2016).  This was not in harmony with the You et al. 2017 study as they did not show 

a correlation between lobar hemorrhage and cognitive decline at 3 months. The differences in research findings were possible as a 

result of discrepancies in patient features; lobar hemorrhage patients were about 30% in the previous researches (Moulin et al., 2016; 

Biffi et al., 2016) in contrast to 8.1% You et al. 2017, study. The present research stated that patients with impaired cognition were 

associated with the infratentorial location of ICH (P=0.04). The differences in the results between the studies are due to different 

https://www.powerthesaurus.org/available_evidence_indicates/synonyms
https://www.powerthesaurus.org/available_evidence_indicates/synonyms
https://www.powerthesaurus.org/in_the_present_work
https://www.powerthesaurus.org/in_harmony_with
https://www.powerthesaurus.org/earlier_research
https://www.powerthesaurus.org/bigger
https://www.powerthesaurus.org/measure
https://www.powerthesaurus.org/prognosticator
https://www.powerthesaurus.org/newly_emerging/synonyms
https://www.powerthesaurus.org/possibly/synonyms
https://www.powerthesaurus.org/features
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methodologies and patient characteristics. Surprisingly, the present research showed the harmful effects of the uncontrolled BP in 

ICH, revealed that elevated mean systolic BP at the onset, 6 and 24 hours after admission was correlated to cognitive decline 

(P=0.01, P=0.006 and 0.01 respectively). This is in agreement with many studies that showed the correlation between hypertension 

and dementia – both vascular and Alzheimer’s disease, (Skoog et al., 1996) however, prolonged BP control did not demonstrate any 

role on the occurrence of dementia (Forette et al., 1998; Peters et al., 2008). The correlation between control of BP variability and the 

development of post-stroke dementia is sophisticated and this should be taken into consideration during stroke management plan 

(Tzourio et al., 2003).  

Research limitations include the small number of patients and the absence of an objective cognitive scale score that assesses the 

cognitive status of the patients before the development of ICH.  

 

5. CONCLUSION 

In conclusion, this paper revealed the frequency of post-hemorrhagic stroke dementia that correlated with the following factors, 

age, sex, the severity of the initial neurological deficit, and elevated systolic BP. Proper control and monitoring of the blood pressure 

in acute intracerebral hemorrhage must be initiated immediately, especially in the first six hours after hospitalization. 
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