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AbSTrACT
Background. Stroke is one of the leading causes of disability, resulting in both limb disability and also cognitive impairment. 
Cognitive impairment can occur post-stroke due to lesions in specific cortex areas. Visuospatial function, a domain of 
cognitive function related to visual imaging, is commonly affected by parietal lobe lesions. However, visuospatial 
processing also requires sustained attention, planning, and error correction, functions of the frontal lobe. There is a 
paucity of studies evaluating the relationship between isolated frontal lobe stroke and patients’ visuospatial function.
Objective. To analyze the relationship between subacute-chronic frontal lobe ischemic stroke and visuospatial function in 
post-ischemic stroke patients using the MoCA-Ina.
Material and methods. Patients from Siloam Karawaci General Hospital’s neurology outpatient department with ages 
under 65 years, Glasgow Coma Scale of 15, diagnosis of first-time stroke based on CT scan result, and ischemic lesion 
confined to one brain lobe were recruited using non-probability consecutive sampling for this cross-sectional study. 
Patients were divided into frontal lobe and non-frontal lobe stroke subgroups. Visuospatial function was assessed using 
MoCA-Ina and analyzed using Mann Whitney U test.
Outcomes. Fifty patients were included; 25 had frontal lobe stroke, and 25 had non-frontal lobe stroke. The median 
visuospatial score was lower in the frontal lobe group (2, min/max = 0/4) compared to the non-frontal lobe group (3, min/
max = 0/5), with a p-value of 0.044. There was no significant difference in visuospatial scores between different frontal 
hemisphere locations.
Conclusion. Subacute-chronic frontal lobe ischemic stroke affects visuospatial function in post-ischemic stroke patients.
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INTrODUCTION

Stroke is a global burden disease, ranking as the 
third most prevalent contributor to disability-adjust-
ed life years and the second most prevalent mortality 
cause. The lifetime risk of developing stroke has in-
creased by 50% over the last 20 years [1,2]. Stroke can 
be classified according to the duration. The classifica-
tion of stroke based on duration is defined as acute 
(within the first 2 weeks post-onset), subacute (3 to 11 
weeks post-onset), and chronic (beyond 12 weeks 
post-onset) [3]. One of the clinical manifestations of 
disability is cognitive impairment and it has been dis-
covered that several years following a stroke inci-
dent, it is common for patients to experience func-
tional and cognitive impairment, such as motor, 
sensory, and language disturbance, along with deteri-
oration in quality of life, even without another stroke 
attack [4,5]. Cognitive function has several domains: 
memory, attention, executive function, language, and 
visuospatial. Cognitive impairment affects cognitive 
function domains, with executive and attention be-
ing the most commonly affected domains [6].

Visuospatial function is crucial for processing 
visual information, movements, distance, and per-
ceiving the relation of the body and environment, 
hence consequential for their daily tasks [7,8]. This 
ability is traditionally thought to be mediated by the 
posterior parietal cortex [9,10]. However, a study by 
Hamilton et al. suggests that executive function, gov-
erned by the frontal lobe, is also integral to visuospa-
tial processing [11]. Another study also indicates that 
visuospatial function operates within an integrated 
network of parieto-occipital, parieto-frontal, parie-
to-premotor, and parieto-medial temporal pathways 
[12]. The frontal lobe’s role may take part in visuospa-
tial processing through its role in sustaining atten-
tion, planning, and correcting errors [13]. Despite 
these insights, there is still a notable gap in the litera-
ture regarding the impact of isolated frontal lobe is-
chemic stroke on visuospatial function. Therefore, 
this study aims to analyze the relation between suba-
cute-chronic frontal lobe ischemic stroke and visu-
ospatial function, as assessed by the Montreal Cogni-
tive Assessment (MoCA), which primarily evaluates 
visuospatial constructional ability through drawing 
[9,10].

MATErIALS AND METHODS

Participants
Fifty patients from the neurology outpatient de-

partment in Siloam Karawaci General Hospital with 
ages less than 65 years old, Glasgow Coma Scale (GCS) 
of 15, were diagnosed with first-time stroke based on 
CT scan result and had ischemic lesion in only one 
brain lobe and were recruited for this cross-sectional 

study. Study samples were divided equally into two 
subgroups based on the CT scan result: frontal lobe 
stroke (n = 25) and non-frontal lobe stroke (n = 25). 
We excluded patients who were previously diag-
nosed with head injury and memory impairment 
and patients who did not consent to participate in 
this study.

The sample recruitment was done using a non- 
probability consecutive sampling technique from 
February until March 2020 in the neurology outpa-
tient department in Siloam Karawaci General Hos-
pital. Study samples were asked to complete a form 
to obtain their demographic information such as 
gender, age, last education, and duration since 
stroke onset. Visuospatial function as the primary 
dependent variable was obtained through the Mo-
CA-Ina questionnaire, and depression as a con-
founding variable was measured using the Beck De-
pression Inventory questionnaire. MoCA-Ina scores 
of 26 and more mean samples did not have any cog-
nitive disturbance, and samples with MoCA-Ina 
scores less than 26 mean they had cognitive distur-
bance. Samples with Beck Depression Inventory 
scores of less than 21 were classified as not de-
pressed or mild mood disturbance, and samples 
with scores of twenty-one or more were classified as 
moderately or severely depressed. The independent 
variable of this study was the location of the stroke 
lesion, which was collected through the study sam-
ples’ CT scan results.

Statistical analysis
The obtained research data was processed and 

analyzed using IBM Statistical Package for the Social 
Sciences (SPSS) software version 25. Due to abnormal 
data distribution, statistical analysis for MoCA-Ina 
components and stroke lesion location was per-
formed using Mann Whitney U test. The result was 
presented using median, minimal value, and maxi-
mal value. Further analysis of the visuospatial score 
relationship with the frontal lobe side of the hemi-
sphere was done using One Way ANOVA test, and the 
result was presented using mean, standard deviation 
(SD), and 95% CI. Statistical assessments of this study 
were all two-tailed, with p-value <0.05 considered 
significant.

rESULTS

This study included 50 participants divided into 
two groups, most of whom were male in both groups. 
(Table 1). The median age in both groups is 60 years 
old, with the youngest in the frontal lobe group being 
36 years old and the non-frontal lobe group being 20 
years old. Most patients in both groups (48%) have 
finished senior high school, with only one patient 
(4%) in the non-frontal lobe group having a master’s 
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degree. The duration since stroke onset did not signif-
icantly differ between the two groups, both falling 
within the subacute-chronic classification, with a me-
dian of 21 months for the frontal lobe group and 25 
months for the non-frontal lobe group. Lesion loca-
tion in the brain hemisphere also did not differ signif-
icantly between both groups. Most lesions in both 
groups are in the right hemisphere, with 14 patients 
(56%) from the frontal lobe group and 11 patients 
(44%) from the non-frontal lobe group. The majority 
of patients in both groups did not suffer from depres-
sion. However, there is one patient (4%) in the 
non-frontal lobe group that had moderate-severe de-
pression. Cognitive disturbance was found in almost 
all patients in the non-frontal lobe group, with only 
one patient (4%) having normal cognitive function.

Analysis of MoCA-Ina components and stroke le-
sion location shows significant differences in visu-
ospatial, attention, and language function (Table 2). 

TAbLE 1. Subject demographic data
Variable Frontal lobe

(n = 25)
Non-frontal 
lobe (n = 25)

p-value

Gender
Male, n (%)
Female, n (%)

Age (years old), median 
(min - max)
Education

Elementary School, n (%)
Junior High School, n (%)
Senior High School, n (%)
Bachelor / Diploma, n (%)
Master, n (%)

Duration since stroke onset 
(months), median (min - max)
Lesion location in 
hemisphere

Left, n (%)
Right, n (%)
Bilateral, n (%)

Beck Depression Inventory 
Score

<21, n (%)
≥21, n (%)

MoCA-Ina Score
≤25, n (%)
26 – 30, n (%)

14 (56)
11 (44)

60 (36 - 64)

2 (8)
3 (12)
12 (48)
8 (32)
0 (0)

21 (2 - 292)

7 (28)
14 (56)
4 (16)

25 (100)
0 (0)

25 (100)
0 (0)

15 (60)
10 (40)

60 (20 - 64)

3 (12)
1 (4)

12 (48)
8 (32)
1 (4)

25 (1 - 195)

10 (40)
11 (44)
4 (16)

24 (96)
1 (4)

24 (96)
1 (4)

1.000

0.391

0.699

0.741

0.641

1.000

1.000

The median visuospatial scores in the frontal and 
non-frontal lobe groups were 2 (min – max, 0 – 4) 
and 3 (min – max, 0 – 5), respectively. Attention 
and language had a lower median in the frontal 
lobe group (3 and 1, respectively) compared to the 
non-frontal lobe group (4 and 2, respectively). The 
frontal lobe side of the hemisphere did not pro-
duce a statistically significant visuospatial score 
mean difference (Table 3).

TAbLE 2. Distribution of MoCA-Ina components in frontal lobe and 
non-frontal lobe stroke

MoCA-Ina 
components

Frontal Lobe 
(n = 25)

Non-Frontal Lobe 
(n = 25) p-value

Median Min - Max Median Min - Max

Visuospatial
Naming
Attention
Language
Abstraction
Delayed Recall
Orientation

2
3
3
1
2
0
6

0 - 4
1 - 3
0 - 6
0 - 3
0 - 2
0 - 5
2 - 6

3
3
4
2
2
0
6

0 - 5
2 - 3
2 - 6
0 - 3
0 - 2
0 - 5
2 - 6

0.044*
0.057
0.008*
0.020*
0.166
0.866
0.557

TAbLE 3. Distribution of MoCA-Ina components in frontal 
lobe and non-frontal lobe stroke

Frontal lobe 
location in the 
hemisphere

Visuospatial Score
p-value

Mean SD 95% CI

Right
Left
Bilateral

1.79
2.00
1.50

1.369
1.633
1.291

1.00 – 2.58
0.49 – 3.51
-0.55 – 3.55

0.857

DISCUSSION

Our study aims to analyze the relationship be-
tween subacute – chronic frontal lobe ischemic 
stroke and a patient’s visuospatial function using 
the MoCA-Ina test. MoCA-Ina is the Indonesian 

version of the MoCA questionnaire validated in 2010. 
It was chosen as the instrument in this study because 
it has better sensitivity in evaluating visuospatial 
ability than the Mini-Mental State Examination or 
MMSE [14,15]. Visuospatial function was once 
thought to be dominantly mediated by the parietal 
lobe, specifically the right parietal lobe [16,17]. How-
ever, we found that patients with subacute – chronic 
isolated frontal lobe stroke have a significantly lower 
visuospatial score on the MoCA-Ina test than patients 
with non-frontal lobe stroke, although there is no 
hemispheric lateralization.

Visuospatial function assessed using MoCA-Ina 
mainly involves the posterior parietal cortex through 
external cues (cube copying) and internal cues (clock 
drawing). When patients redraw the 3D cube, the 
middle occipital gyrus, cuneus, and lingual gyrus are 
activated, representing the parieto-occipital pathway 
[9]. Therefore, patients with parietal or occipital lobe 

damage commonly suffer from visuospatial dis-
turbance, as confirmed by several studies [18,19]. 
The other component of visuospatial function as-
sessed in MoCA-Ina, the clock drawing test, in-
volves the parieto-frontal pathway [9]. This path-
way connects the area in the prefrontal cortex 
overseeing spatial memory with the parieto-oc-
cipital pathway, which processes that spatial in-
formation [12,20]. The frontal lobe allows patients 
to retrieve any visuospatial memory and draw the 
clock from memory, hence vital in the clock draw-
ing test [21]. 
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The importance of the frontal lobe in visuospatial 
function is also highlighted in an experimental study 
performed by Hamilton, et al. They found that execu-
tive function, predominantly mediated by the frontal 
lobe, plays a crucial role in visuospatial function, spe-
cifically visuospatial working memory [11]. Addition-
ally, the frontal lobe’s roles in sustaining attention, 
planning, and error correction are integral to visu-
ospatial processing ability [13]. Despite the recog-
nized importance of the frontal lobe in visuospatial 
function, there is a paucity of data analyzing the rela-
tionship between isolated frontal lobe lesions and 
visuospatial functions in humans. Most studies about 
frontal lobe lesions only focus on their relation to be-
havioral changes or executive function [22–24]. 
Therefore, our findings corroborate the theory of the 
frontal lobe’s significant role in visuospatial function.

This is an important discovery as the frontal lobe 
is commonly affected in stroke, and visuospatial 
function greatly affects quality of life [23]. Any lesion 
in the frontal lobe could disrupt the dorsal and ven-
tral parieto-frontal pathway, resulting in gait and bal-
ance disturbance amidst the absence of visuospatial 
neglect. The dorsal pathway is responsible for select-
ing visuospatial information pertinent to movement 
goals, and disruption in this pathway confuses move-
ment planning. The ventral parieto-frontal pathway’s 
role is to process the visuospatial information sent 
from the dorsal pathway and inhibits the dorsal path-
way when any obstacles arise. Disruption in this 
pathway will cause poor balance correction [25,26]. 
With the result of this study, when encountering 
stroke patients with frontal lobe lesion, physicians 
should never forget to evaluate the visuospatial func-
tion and consult with relevant specialists. Evaluation 
can be done using the MoCA-Ina test. The accessibili-
ty and ease of administration of the MoCA-Ina in var-
ious healthcare settings render it advantageous for 
assessing frontal lobe stroke patients’ visuospatial 
function.

Despite our study’s novelty, there is still area for 
improvement. Our evaluation of visuospatial func-

tion is limited to the MoCA-Ina questionnaire. As far 
as we know, there are other instruments that can spe-
cifically assess visuospatial function without inter-
ference from the other cognitive components to 
name a few: Corsi block tapping, Design Organization 
Test (DOT), Battery of Visuospatial Ability, and Visual 
Object and Space Perception battery (VOSP). Future 
studies in a larger health center or multiple health 
centers can use either of these instruments to evalu-
ate the relationship more thoroughly between fron-
tal lobe stroke and visuospatial function [27–30].

CONCLUSION

Subacute-chronic isolated frontal lobe stroke can 
affect a patient’s visuospatial function compared to 
non-frontal lobe stroke, hence visuospatial function 
disturbance should always be considered when as-
sessing frontal lobe stroke patients. Here we found 
no hemispheric lateralization in the visuospatial 
function.
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