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Abstract
The article is devoted to the peculiarities of cognitive status in patients operated for non-traumatic intracranial hemorrhages. An 

assessment of the structure and severity of cognitive impairment was carried out in the observations of different etiology hemor-
rhages. An analysis of the relationship between the localization and the hematoma, and the severity of disorders of higher cortical 
functions was carried out. Understanding the cognitive deficiency patterns in neurosurgical patients is important for effective reha-
bilitation measures.
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Topicality

The problem of diagnosis of cognitive impairment - one of the actual problems of neurorehabilitation after neurological and neuro-
surgical diseases. Neurosurgical diseases of the brain (brain injury, neurooncology, cerebrovascular pathology) are the most important 
cause of disability in the population of developed countries, leading not only to paresis, hypesthesia, discoordination, but also cognitive 
disorders. The role of the etiology of the pathological process in the formation of cognitive deficiency in focal brain lesions has not been 
definitively determined yet.

Blood stroke is the most important cause of disability occurrence in the population of developed countries. Non-traumatic intracranial 
hemorrhages compose 10 to 20% of cerebral circulation disorders [1]. Only 12% - 39% of patients can subsequently return to full-fledged 
life after a blood stroke [2]. One of the adverse effects of non-traumatic intracranial hemorrhage is the impairment of higher cortical func-
tions. Post-stroke cognitive disorders are moderately pronounced in 37 - 71% of cases, and they reach the degree of dementia in 4 - 40% 
of cases [3]. At that, they are heterogeneous in a pathogenic and clinical way, which affects their curability and prognosis.

Objective of the Study
This study objective is to assess the structure and severity of cognitive impairment in patients operated for non-traumatic intracranial 

hemorrhages of different etiology and localization.
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Materials and Methods
The study was based on the results of cognitive rehabilitation of 54 patients (18 men and 36 women, mean age of 47.56 ± 13.54 years 

old) operated for non-traumatic intracranial hemorrhage. Among them, 16 patients underwent aneurysm clipping (29.63%), 9 ones 
(16.67%) - aneurysm embolization, 18 ones (33.33%) - hematoma removal at hypertensive hemorrhage, 1 patient (1.85%) - angioma 
removal, and 10 ones (18.52%) - embolization of arteriovenous malformation (AVM). The patients who had an acute cerebral circulati-
on disorder of cerebrovascular type were directed for rehabilitation treatment at different times from the moment of cerebral vascular 
accident: 26 (48.15%) patients entered at the early recovery period of hemorrhagic stroke, 10 (18.52%) - at the late recovery period, 18 
(33.33%) - at the period of residual phenomena.

The structure and severity of higher brain function disorders were evaluated. The state evaluation of higher cortical functions was 
carried out by a neuropsychologist applying MMSE, FAB scales on the day of admission. Continuous quantitative values were analyzed 
using the concepts of median (Me) and quartiles (25%, 75%). The test of significance was the Mann-Whitney test (U).

Results and Discussion
The MMSE scale testing revealed that patients scored from 28 to 30 points (normal variant) in 9 (16.67%) cases, from 24 to 27 points 

(predementing violations) in 23 (42.59%) cases, from 20 to 23 points (mild dementia) in 8 (14.81%) cases, and, finally, from 11 to 19 
points (dementia of moderate severity) in 14 (25.93%) cases. The average MMSE score demonstrated 23.04 ± 6.15 points.

When assessing the degree of frontal dysfunction using the FAB scale, the following results were obtained: 21 (38.89%) subjects of 
the study scored from 16 to 18 points, which corresponded to the norm value, 19 (35.19%) subjects of the studied scored from 12 to 15 
points, which corresponded to moderate frontal dysfunction, 14 (25.93%) subjects scored less than 12 points, which corresponded to 
severe frontal dysfunction. The average FAB score totaled 13.91 ± 3.98 points.

A detailed analysis of the cognitive deficits structure of the subjects undergoing a cerebral circulation disorder of cerebrovascular type 
brought about the following results. The most common symptoms of cognitive deficits were identified: fixation hypomnesia (detected 
in 52 (96.30%) patients), pathological inertia of thinking (observed in 30 (55.56%) subjects), and decreased attention (recorded in 41 
(75.93%) ones). Reproductive hypomnesia was recorded in 36 (66.67%) patients. A decrease in the level of generalization was recorded 
in 35 (64.81%) cases. In addition, 2 (3.70%) subjects demonstrated inconsistency of judgments, and “associations derailment” was re-
vealed in 3 (5.56%) subjects. Errors in the serial counting were detected in 31 (57.41%) patients, while difficulties in solving arithmetic 
problems were in 35 (64.81%) people.

When assessing the gnosis and praxis of patients after a hemorrhagic stroke, kinesthetic apraxia was detected in 12 (22.22%) cases, 
kinetic one in 33 (61.11%) cases, and spatial one in 21 (38.89%) cases. Visual agnosia was observed in 4 (7.41%) cases, auditory one in 
23 (42.59%) cases, and optical and spatial one in 40 (74.07%) cases.

The interrelation of the right-hand localization of the lesion with emotional and personal disorders and disorders of spatial thinking, 
left - hand localization-with violations of verbal and logical thinking was clarified (p < 0.05).

Like for any focal brain lesion, in case of non-traumatic intracranial hemorrhage, the presence and localization of intracerebral he-
matoma plays an important role in the formation of cognitive deficiency. In this study, intracerebral hematoma occurred in 44 (81.48%) 
cases, and isolated subarachnoid hemorrhage occurred in 10 (18.52%) cases. Chart 1 reflects the testing results for the patients with 
non-traumatic intracranial hemorrhage of different localization.

The chart 1 shows that the most pronounced cognitive impairment was observed in patients with thalamic and subcortical hemorrha-
ges. Subcortical hemorrhages affect the tertiary zones of the cortical representation of higher brain functions, while thalamic ones, appa-
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Chart 1: The cognitive status of patients operated for non-traumatic intracranial  
hemorrhage, upon admission, depending on its location.
Note: * **: Reliability of statistical differences (p < 0.05).

rently, have a negative impact on cognitive functions, both due to the separation of cortical-subcortical structures, and due to the damage 
of specific thalamic nuclei [4]. Hemorrhages in the cerebellum were accompanied by the least cognitive impairment. The pathophysiologi-
cal aspects of the cognitive deficiency formation in the event of cerebellum structure damage have not been studied to date. The literature 
describes the so-called „cerebellar cognitive affective syndrome” represented mainly by secondary impairment of executive functions [5]. 
However, disorders of higher brain functions reaching the degree of dementia have been described only at extensive pathological proces-
ses affecting, in addition to the cerebellum, other brain structures as well [6].

Let’s consider the clinical observation of cognitive rehabilitation of a patient with a thalamus hematoma (Figure 1).

Figure 1: Magnetic resonance imaging of patient A. A subacute thalamus hematoma on the right is visualized.
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Patient A. 38 years old. She was admitted to the rehabilitation department with complaints of difficulty in reading, writing, errors in 
performing a complex sequence of actions, memory loss of current events. The assessment of cognitive impairment at admission: 24 po-
ints on the MMSE scale, 15 points on the FAB scale.

Table 1 presents a comprehensive assessment of impaired cognitive functions of Patient A. by the International Classification of Func-
tioning (ICF).

ICF domains Interpretation
b1260.2 Moderate introversion
b1265.2 Moderate decrease in emotional background
b1301.3 Accentuated lack of impulse
b1400.1 Light attention instability
b1403.1 Slightly reduced focus
b1440.2 Moderate decrease in short-term memory
b1441.1 Slight decrease in long-term memory
b1601.1 Light passivity of thinking
b1643.1 Slight decline of cognitive flexibility

b16701.2 Moderate impaired perception of written language
b16711.1 Slight difficulty in expression through written language
b1721.1 Slight difficulty in complex calculations
b176.1 Light kinetic apraxia

Table 1: The main ICF domains in the assessment of cognitive impairment of Patient A.

As can be seen from table 1, Patient A. suffered from severe emotional and volitional disorders that affected the course of cognitive 
rehabilitation adversely, from neurodynamic disorders (decreased concentration, short-term and long-term memory), had difficulty in 
communicating through sign language. In addition, there was a slight kinetic apraxia.

Against the neuropsychological correction measures taken, positive dynamics were noted: By the time of discharge, the test result 
corresponded to 29 points on the MMSE scale and 17 points on the FAB scale. A detailed analysis of the recovery of certain cognitive 
functions is shown in figure 2.

Figure 2 demonstrates that despite the emotional and volitional disturbances, neuropsychological correction has led to significant 
results. Teaching the patient compensatory strategies allowed to cope with a decrease in memory; attention parameters, reading and 
writing skills were restored almost to the normal level. At the time of discharge, there was a slight inertia in the processes of thinking 
and a slight decrease in motivation. The described example clearly confirms the effectiveness of cognitive rehabilitation of patients after 
non-traumatic intracranial hemorrhage.

Chart 2 shows the results of the cognitive status comparison of patients with different etiologies of non-traumatic intracranial hemorr-
hages.
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Figure 2: Dynamic pattern of restoration of Patient A impaired cognitive functions after  
neuropsychological correction measures as per ICF.

Note: b1260-b176 - ICF domains (See table 1), 0-3.5 - ICF scores, the upper graph is cognitive  
impairment at admission, the lower graph is cognitive impairment at discharge.

Chart 2: Cognitive status of patients with different etiologies of non-traumatic intracranial hemorrhages during admission.

As can be seen from chart 2, the mildest cognitive deficiency was described in those who underwent hemorrhage from AVM. This is 
consistent with literature data, according to which a more favorable outcome for hemorrhages from AVM compared with those with ane-
urysmal and hypertensive disease can be explained by a slight pressure inside the vascular formation, the presence of factors contributing 
to thrombosis, and a low frequency of vasospasm [7]. The most pronounced cognitive impairment was accompanied by hypertensive 
hemorrhage. The severity and disabling consequences of hypertensive hemorrhage are largely due to the high incidence of dislocation 
syndrome. In addition, hypertension with poorly controlled high blood pressure numbers is an independent risk factor for cognitive de-
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ficiency. In patients with aneurysmal hemorrhages, moderate impairments of higher brain functions were found during the admission, 
corresponding, on average, to the level of predementing disorders.

The severity of the patient’s condition, as well as the incidence of dislocation syndrome in the presence of hematoma, is largely deter-
mined by its volume. According to the literature, hematoma volume in excess of 30 cm3 is an adverse prognostic factor [2]. Table 2 shows 
the results of the cognitive status comparison of subjects with intracerebral hematomas of different volume.

Assessment of cognitive status by 
scale methods М (25%; 75%)

Hematoma volume
< 20 cm3 (n = 24) 20 - 50 cm3 (n = 12) > 50 cm3 (n = 8)

MMSE 27.5 (25.5; 28.0)* 25.0 (24.0; 26.5) 24.0 (22.5; 24.0)*
FAB 18.0 (16.5; 18.0) 14.0 (14.0; 16.5) 13.5 (13.0; 15.0)

Table 2: Cognitive status of patients depending on intracerebral hematoma volume. 
Note: *: Reliability of statistical differences (p < 0.01).

As table 2 demonstrates, there is a fairly clear relationship between hematoma volume and cognitive impairment severity. Hematomas 
of small volume were accompanied by a significantly less pronounced cognitive deficiency than hematomas with a volume of more than 
50 cm3. When comparing the volume of hematomas with the test indicators, a strong positive correlation was found: r =+ 0.83.

When comparing the scoring indicators of patients with different time remoteness periods of non-traumatic intracranial hemorrha-
ge, it was found that cognitive deficits achieved maximum in the observations of the early recovery period (MMSE test result was 25.5 
(18.0; 27.0) points, FAB was 14.5 (10.75; 17.0) points), and it was minimally expressed in those studied with residual phenomena of a 
hemorrhagic stroke (MMSE score was 27.0 (23.25; 28.25) points, FAB was 16.5 (14.75; 13.0) points, respectively). This is consistent with 
the literature, according to which the state of cognitive function improves within 10 months after surgery in most patients operated for 
non-traumatic hemorrhage [8].

Conclusion
Thus, the structure and severity of cognitive impairment in non-traumatic intracranial hemorrhages are affected by a number of fac-

tors, including the etiology of hemorrhage, localization and size of hematoma, and the hemorrhage time remoteness. The results can be 
used to determine the rehabilitation prognosis.
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