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Abstract
Background: The thalamus is known as the central sensory 
and motor relay station of the brain generally. However, cog-
nitive decline due to thalamic lesions has been previously 
reported in different studies. Also, it has been observed that 
different cognitive subdomains are affected according to 
the localization of the lesion in the thalamus. Objectives and 
Methods: Detailed neurophysiological tests were performed 
on 28 patients with thalamic hemorrhage and the control 
group. Patients were grouped according to lesion localiza-
tion. The results were compared with both the control group 
and the hemorrhage groups themselves. Results: The per-
formance of patients in all neuropsychological tests was sig-
nificantly worse than that of the control group. Of the 28 
patients, 15 had anterolateral, 5 had posterolateral, 5 had 
dorsal, and 3 had an anteromedial thalamic hemorrhage. 
The anteromedial group had the worst scores of almost all 
tests. Also, 2 situations came to notice in these tests. First, the 
posterolateral group achieved a remarkably low mean in the 
recall subgroup of the MMSE tests and verbal memory pro-
cess tests. Second, the anterolateral group was found to 

have a low mean in both the language subgroup of the 
MMSE tests and the phonemic subgroup of the verbal flu-
ency tests. Conclusion: It was concluded in this study that 
thalamic hemorrhages affect cognition entirely regardless of 
the lesion localization. It was also observed that the lateral 
part of the thalamus was associated with language, the pos-
terior part with memory, and the anteromedial part with the 
rest of the cognitive subdomains.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

The thalamus is a complex structure consisting entire-
ly of nuclei, located in the diencephalon at the brain 
stem’s dorsal side. It is divided into 2 symmetrical parts 
by the third ventricle [1]. The Y-shaped lamina medul-
laris interna, located vertically in the thalamus, divides it 
into 3 parts; anterior, lateral, and medial. The thalamus is 
known as the brain’s central sensory and motor relay sta-
tion. It communicates and relays signals between subcor-
tical and cerebellar regions and the cortex, playing a role 
in sleep, arousal, and primary sensory processing [2].

This study was conducted in Gulhane Training and Research Hospital.
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Intracerebral hemorrhages account for 10–20% of all 
strokes. 15–20% of these hemorrhages occur in the thala-
mus [3]. Cognitive decline due to thalamic lesions has 
been previously reported in different case studies [4–11]. 
Also, recently, the effects of the thalamus on cognitive 
functions have been demonstrated by various methods, 
such as functional magnetic resonance imaging and dif-
fusion tensor imaging [12].

It has been observed that different cognitive subdo-
mains are affected according to the localization of the le-
sion in the thalamus. Although cognitive dysfunction in 
patients with thalamic ischemia has been shown, the 
number of cases is deficient in thalamus hemorrhage pa-
tients. To the best of our knowledge, no controlled study 
has evaluated the cognitive dysfunction and depression in 
this group. Thus, in this study, we set out to assess the 
cognitive profiles of patients with thalamic hemorrhage, 
comparing them with a control group.

Materials and Methods

Participants
Twenty-eight patients admitted to the inpatient clinic of the 

Department of Neurology between 2016 and 2020 with the diag-
nosis of thalamic hemorrhage were included in this study. None of 
them had a dementia history or any medication associated with 
cognitive impairment. Patients with a severe motor disability or a 
systemic disease that may affect cognition other than thalamic 
hemorrhage were excluded from the study. The patients were eval-
uated within 3–6 months after the first event. Demographic and 
disease-specific data, including age, gender, and educational status 
of the patients and controls, were collected. 

Local Ethics Committee approval from Gulhane Training and 
Research Hospital was obtained (Reference No. 19/233). Informed 
consent was obtained from the patients.

Clinical Diagnosis
All patients underwent uniform clinical assessment consisting 

of neurological examination, neuropsychological testing, and 
computed tomography (CT). CT images were obtained with the 
Toshiba (Aquilion One) device in 0.5-mm sections. It was ob-
served that hemorrhage was completely resolved at the assessment 
time.

CT images were evaluated with an experienced neuroradiologist, 
and thalamic hemorrhages were determined in 4 groups as antero-
medial, anterolateral, posterolateral, and dorsal hemorrhages.

Neuropsychological Assessment
An experienced psychologist performed neuropsychological 

tests, and the psychologist did not know about the participant’s 
group and the lesion location. The patients’ and controls’ global 
cognitive performance was evaluated using the Turkish version of 
the Mini-Mental State Examination (MMSE) [13].

Additional detailed neuropsychological tests were performed 
to evaluate the following domains: (1) memory (verbal memory 

process test [14]), (2) attention (digit span tests [15]), (3) language, 
perseverance, and sustained attention (verbal fluency tests [16]), 
(4) executive functions (trail-making tests [17]), and (5) visuocon-
struction, sequencing, and planning (clock-drawing test [18]). 

The Geriatric Depression Scale [19] for patients over the age of 
65 years and the Beck Depression Scale [20] for patients under the 
age of 65 years were used to evaluate the participants’ emotional 
state.

Statistical Analysis
Descriptive statistics were expressed as mean, standard devia-

tion, median, minimum, and maximum for continuous data and 
as count and proportion for categorical data. The statistical differ-
ences were calculated using the χ2 test for nominal variables. The 
distribution normality of the continuous variables was calculated 
with the Shapiro-Wilk test. Two groups were compared with the 
independent samples t test for the normally distributed variables 
and the Mann-Whitney U test for the nonnormally distributed 
variables. 

Statistical analyses were performed using the IBM SPSS version 
24 for Windows software and were reported with 95% confidence 
intervals. Values of p < 0.05 were considered significant.

Results

Twenty-eight patients (18 males [64%] and 10 females 
[36%], mean age 60.75 ± 9.61 years, mean education 8.68 
± 3.8 years) with thalamic hemorrhage and 28 controls 
(18 males and 10 females, mean age 60.89 ± 9.57 years, 
mean education 8.68 ± 3.8 years) were included. No sig-
nificant differences were found for age and education lev-
els between the groups (p = 0.95 and p = 1.00, respective-
ly).

Of the 28 patients, 15 had an anterolateral, 5 had a pos-
terolateral, 5 had a dorsal, and 3 had an anteromedial tha-
lamic hemorrhage. In the neurological examination, mild 
hemiparesis was determined in 6 patients (all had lateral 
thalamic hemorrhage) and varying hemisensorial im-
pairment in 10 patients.

Regarding the MMSE, the performance of patients was 
significantly worse than that of the control group (p < 

Table 1. Mean values of total MMSE and subgroup scores

Patients Controls p value

Total MMSE score 22.64±5.2 28.21±2.6 <0.001
Orientation 8.71±1.69 9.89±0.41 <0.001
Attention/calculation 2.25±1.85 4.15±1.03 <0.001
Recall 1.43±1.03 2.36±0.67 0.001
Language 7.18±1.90 8.86±0.44 <0.001

Values are means ± standard deviations. Significant at p < 0.05.
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0.001; Table 1). Additionally, scores of other neuropsy-
chological tests in patients were lower than in controls 
(Table 2).

The patients had more moderate-severe depressive 
symptoms than the control group (p = 0.013). Also, it was 
noticed that patients with anterolateral and posterolat-
eral thalamic hemorrhage had more moderate-severe de-
pressive features.

Due to the insufficient number of patients and the dif-
ference in numbers between the subgroups (3 of them 
had anteromedial and 15 of them had anterolateral hem-
orrhage), no statistical evaluation could be made to com-
pare the relationship between the anatomical localization 
of the hemorrhage and the affected cognitive functions’ 
subdomain. Thus, the results were evaluated only with 
respect to the scores of the tests. The neuropsychological 
test results, according to the localization of lesions, are 
shown in Table 3.

Two situations came to notice in these tests. First, the 
posterolateral group achieved a remarkably low mean in 
the recall subgroup of the MMSE tests and verbal memo-
ry process tests. Second, the anterolateral group was 
found to have a low mean in both the language subgroup 
of the MMSE tests and the phonemic subgroup of the ver-
bal fluency tests. But this group had the highest mean in 
the semantic fluency test.

Discussion

Our study results showed that patients with thalamic 
hemorrhage performed worse than controls in all neuro-
psychological tests. Notably, according to the lesion’s lo-
calization, the patients with anteromedial thalamic hem-
orrhage had lower scores than other groups. 

In a recent review, it has been shown that patients with 
vascular syndrome of the thalamus had cognitive impair-
ment in subdomains such as attention, orientation, mem-
ory, praxis, executive functions, concentration, global in-
tellectual functions, behavior, and mood [21]. In another 
study, neuropsychological tests were performed on 
healthy people, and their thalamic volume was evaluated 
by magnetic resonance imaging [22]. It was reported that 
patients with low thalamic volumes obtained less success-
ful results in neuropsychological tests. These results, 
which are similar to ours, showed that thalamic hemor-
rhages affect all domains of cognition. 

It has been observed that memory, attention, and ori-
entation were affected in a case with anterior thalamic 
infarction [4]. Additionally, memory impairment and 

temporal disorientation have been shown in patients with 
bilateral medial thalamic infarction (Percheron artery in-
farction) [23]. Ghika-Schmid and Bogousslavsky [24] 
showed that patients with tuberothalamic artery infarc-
tion had disturbances in attention, memory, and orienta-
tion. In our study, in the digit span tests used for evaluat-
ing attention, the anteromedial group had the lowest 
score in both forward and backward digit span. Addition-
ally, in the attention and orientation subgroups of the 
MMSE, the anteromedial group also obtained the lowest 
score. These results are consistent with the former results 
that anteromedial thalamic involvement impairs atten-
tion and orientation.

Impairment of memory has been reported in patients 
with an anteromedial lesion on the thalamus [23, 24]. 
Also, patients with lateral posterior choroidal artery isch-
emia and memory impairment have been reported [25]. 
In our study, the anteromedial group had the lowest 
scores on immediate memory and best learning in the 
verbal memory process test. Simultaneously, the postero-
lateral group’s failure in the delayed recall and total recall 
subgroups was noted. The posterolateral group also had 
the lowest score in the recall subgroup of the MMSE. 
These results showed that patients with posterolateral le-
sions failed to record information. The low scores of the 

Table 2. Results of the neuropsychological tests

Tests Patients Controls p value

Verbal memory process test
Immediate memory 7.46±2.78 11.07±2.01 <0.001
Best learning 8.29±1.86 9.82±0.47 <0.001
Delayed recall 5±3.63 9.68±2.43 <0.001
Total recall 10±3.82 14.11±0.99 <0.001

Verbal fluency test
Phonemic 6.71±4.52 15.54±4.78 <0.001
Semantic 11.89±4.64 24.11±5.65 <0.001

Digit span test
Forward 4.57±0.87 6.07±0.85 <0.001
Backward 2.75±0.88 3.96±0.88 <0.001

Trail-making test
Form A time 118.54±60.50 66.54±36.31 0.001
Form A false 1.19±1.78 0.11±0.41 0.004
Form B time 271.18±142.38 141.93±79.15 <0.001
Form B false 2.73±3.05 0.5±1.03 <0.001
A + B time 381.73±197.94 208.5±115.23 0.001
A – B time 160.64±94.42 75±43.81 0.001
A/B time 2.58±0.87 2.11±0.18 <0.001

Clock-drawing test 3.1 3.96 <0.001

Values are means ± standard deviations. Significant at p < 0.05.
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anteromedial group on immediate memory and best 
learning were attributed to the disturbance of attention as 
well as memory impairment. 

A decrease in verbal and nonverbal fluency has been 
observed in patients with anterior thalamic lesions [24]. 
In another case, verbal fluency impairment without apha-
sia has been shown in a patient with an infarction in the 
left thalamus’s polar region [4]. Also, 2 aphasic patients 
with impaired speech fluency, comprehension, and nam-
ing resulting from lateral thalamic ischemia have been 
presented before [10]. In this study, the anteromedial 
group obtained the lowest score in both the semantic and 
phonemic subgroups of verbal fluency tests performed to 
evaluate continuous attention, persistence, and language. 
Interestingly, the anterolateral group achieved the highest 
semantic fluency score, although it obtained a low score 
in phonemic fluency. In the language subgroup of the 
MMSE, the lowest mean belonged to the anterolateral 
group. These results suggest that besides the anterome-
dial region, the anterolateral region of the thalamus may 
also be associated with language. In patients with antero-

medial hemorrhage, it is thought that there might be im-
pairment in language, perseverance, and sustained atten-
tion skills due to the lowest scores in both fluency tests. 

It has been reported that planning, sequencing, con-
struction, and executive functions may be impaired in pa-
tients with anteromedial lesions of the thalamus [4, 24, 
26]. In our study, both in the trail-making test performed 
to assess executive functions and in the clock-drawing 
test performed to evaluate planning, sequencing, and 
construction skills, the worst scores were obtained by the 
anteromedial group. In contrast, the scores of the other 
groups were very close to each other. This result suggests 
that the anteromedial regions of the thalamus may be as-
sociated with all these skills.

In our study, depression scales were found to be high-
er in the posterolateral and anterolateral groups. It was 
observed that patients with moderate/severe depressive 
characteristics were especially those with mild motor def-
icits. It could not be determined whether this result was 
due to any thalamic nucleus involvement because of the 
insufficient number of patients. 

Table 3. Results of the neuropsychological tests according to lesion localizations

Tests Anteromedial Anterolateral Posterolateral Dorsal

Mini-Mental State Examination
Orientation 8±1 8.47±2.13 9.2±0.83 9.4±0.89
Attention/calculation 1.33±0.57 2.53±2.06 2.6±2.07 1.60±1.51
Recall 1.33±1.52 1.67±0.9 1±1 1.20±1.3
Language 7.33±0.57 6.73±2.82 8±1.41 7.60±1.51

Verbal memory process test
Immediate memory 5.33±2.51 8.2±3.16 6.6±2.3 7.4±1.51
Best learning 6.67±3.05 8.73±1.58 7.6±2.30 8.6±1.14
Delayed recall 2.33±3.21 6.13±3.48 2.8±4.20 5.40±2.70
Total recall 8.33±2.51 10.73±4.04 7.6±4.03 11.20±2.95

Verbal fluency test
Phonemic 4±4.35 6.20±4.48 7.8±5.32 8.6 ±3.57
Semantic 7±5.19 13.33±4.48 11.4±5.12 11±2.91

Digit span test, mean ± SD
Forward 4.33±0.57 4.6±0.98 4.6±0.89 4.6±0.89
Back 2.33±0.57 2.73±0.96 3±1.22 2.8±0.44

Trail-making test
Form A time 202.65±45.35 102.08±60.60 111.80±48.87 117.60±46.89
Form A false 3.33±1.75 1.08±1.75 1±2.23 0.40±0.54
Form B time 480±12 220.73±143.19 215.33±4.37 290.40±108.50
Form B false 7±2.64 2.55±3.11 2±2 1±1.22
A + B time 682.67±44.55 308.64±190.69 305±80.01 408±150.71
A – B time 277.33±49.16 132.82±101.15 126.67±51.86 172.8±72.33
A/B time 2.43±0.52 2.57±0.97 2.84±1.26 2.54±0.79

Clock-drawing test 1.66 3.2 3 3.8

Values are means ± standard deviations. Those that differ significantly from the others are written in bold.
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Several limitations of the current study need to be dis-
cussed. Although the global and the subdomains’ cogni-
tive impairment of patients with thalamic hemorrhage 
was evaluated according to lesion localization and the re-
sults were compared with those of healthy individuals, the 
patients’ cognitive status before hemorrhage was not con-
firmed by standard neuropsychological tests. Addition-
ally, the relatively small sample size is a shortcoming of 
the present study.

It was concluded in this study that thalamic hemor-
rhages affect cognition entirely regardless of the localiza-
tion of the lesion. It was also observed that the lateral part 
of the thalamus was associated with language, the poste-
rior part with memory, and the anteromedial part with 
the rest of the cognitive subdomains. This study is valu-
able since it is the first study evaluating the detailed cog-
nitive status of patients with thalamic hemorrhage re-
garding lesion localization. Future longitudinal studies 
with larger samples are needed to verify these results.
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