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Abstract: The aim of this study was to determine whether the cognitive impairment is associated with corpus cal-
losum infarctions. Ten corpus callosum infarction patients were enrolled in this study. Their emotions, cognitive
and language abilities, memory, comprehensive perception were assessed using the Chinese version of following
measures: Mini Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), World Health Organi-
zation-University of California-Los Angeles Auditory Verbal Learning Test (WHO-UCLA AVLT), Wechsler Adult Intel-
ligence Scale (WAIS) Digit Span subtest and so on. The same measurements were performed on healthy control
participants as contrast for analysis. Infarction most frequently occurred in the body and/or splenium of the corpus
callosum. The scores of the most cognitive tests in the corpus callosum infarction patients were significantly worse
than those of the control participants (P<0.05). Except for the naming ability, the patients showed significantly
poorer performance at the overall level of MMSE than the controls did (P<0.05). Consistently, the results of MoCA
suggested a significant reduction in visuospatial abilities of execution, orientation, attention, calculation, delayed
memory, language, and repetition capabilities in the patients with respect to the control (P<0.05). In addition, the
scores in the case group were significantly worse than those in the control group in the auditory word learning test,
digital span and Rey complex figure test (P<0.05). Corpus callosum infarction can cause cognitive dysfunction,
which poses obstacles to memory in the acute phase, accompanied by different degrees of decline in visuospatial
abilities, attention and calculating abilities.
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Introduction the disconnection syndrome of the corpus cal-
losum like left hand apraxia, left side alien hand
The corpus callosum (CC) is the biggest com- syndrome, etc. [3-5].
missural fibrous bundle of the central nervous
system. The precise functions of the corpus cal-
losum between the two hemispheres remain

unclear. It is generally considered that the role

However, due to lack of specific in clinical mani-
festations, there are few reports on cognitive
disorder caused by the corpus callosum infarc-

of CC is transference, integration and coordina-
tion of information between homologous areas
of the two cerebral hemispheres. Researchers
have shown that it is involved in many advanced
features of the brain, such as learning, memo-
ry, thinking, three-dimensional visual ability,
executive functions, as well as visual reaction
time [1, 2]. Lesions of any part of the corpus
callosum might lead to loss of contact between
bilateral hemispheres that cause mental disor-
ders, pseudobulbar palsy, speech and move-
ment ataxia. It also might be associated with

tion in the literature [6-9]. The most knowledge
of the corpus callosum in cognitive functions is
from research on hypoplasia, degeneration of
the corpus callosum, and injury after surgery for
epilepsy [4, 10-13] performed a set of neuro-
psychological tests on few patients after opera-
tion of tumor resection in the 3" or lateral ven-
tricles via the corpus callosum. The results
showed that partial infarction of the callosum
may be related to verbal and visual memory
impairment, dysfunction executive abilities,
and, in particular, the significant impairment of
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Table 1. Baseline clinical characteristics in the corpus callosum infarction group and control

Case group (n = 10) Control (n = 10) t/x? P
Age (yr) 56.0+9.4 56.917.8 t=0.23 0.82
Sex (M/F) 10/0 10/0 - -
Education (yr) 7.8+2.1 8.4+2.4 t=0.60 0.56
Past history (%) - - - -
Cerebrovascular disease 0 0 - -
Hypertension 7 (70%) 8 (80%) x2=0.27 0.61
Coronary heart disease 2 (20%) 3 (30%) x2=0.27 0.61
Atrial fibrillation 0 0 - -
Diabetes 7 (70%) 5 (50%) x?=0.83 0.36
Hyperlipidemia 6 (60%) 7 (70%) x2=0.23 0.69
smoke 7 (70%) 5 (50%) x2=0.83 0.36
Alcohol 6 (60%) 4 (40%) x2=0.80 0.37
SBP (mmHg) 143.50+£13.34 140.00+9.72 t=0.67 0.51
DBP (mmHg) 84.50+8.64 84.00+6.15 t=0.15 0.88
Heart rate (bpm) 75.30+4.76 4.76+£6.96 t=0.34 0.74
Total cholesterol (mmol/L) 4.19+1.17 3.53+0.83 t=1.46 0.16
Triglycerides (mmol/L) 2.07+£1.10 2.07+£0.95 t1=0.02 0.98
LDL-C (mmol/L) 2.29+0.89 2.22+0.60 t=0.18 0.86
HDL-C (mmol/L) 1.15+0.15 1.09+0.16 t=1.05 0.31
GLU (mmol/L) 8.13+3.28 7.47+2.52 t=0.19 0.85
HbA1c (%) 8.37+2.04 6.02+0.79 t=3.39 0.003*
HCY 18.1449.35 15.18+3.67 t=0.93 0.36

*The difference is significant in statistics (P<0.05) for comparison of

the corpus callosum infarction and control group. Ab-

breviations: SBP: Systolic blood pressure; DBP: Diastolic blood pressure; LDL-C: Low-density lipoprotein cholesterol; HDL-C:

High-density lipoprotein cholesterol; HbAlc: Hemoglobin Alc.

procedural learning ability. We expected that
there were similar dysfunctions related to the
corpus callosum infarction. However, there are
conditions thought to be distinct to corpus cal-
losum infarction versus other damage to the
corpus callosum. For example, the patients
who undergo corpus callosotomy have clear
epilepsy before surgery, which have affected
their cognitive functions, while there is no such
case in the patients with corpus callosum
infarctions. After occurrence of corpus callo-
sum infarction, the main changes show as
demyelination but the nerve fibers are not com-
pletely interrupted. There are few papers illus-
trating the cognitive impairments associated
with corpus callosum infarction in literature,
while it is important to examine further to
understand the damage on the patients.

Therefore, this study aims to analyze the char-
acteristics of cognitive dysfunctions accompa-
nied by corpus callosum infarction based on
neuropsychological assessments.
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Materials and methods
Subjects

Ten patients (all male; age range: 42-73 years,
an average of 56.0+9.4; education level: pri-
mary school (5 patients) and secondary or high-
er education (5 patients); all right-handed)
affected by corpus callosum infarction and 10
healthy controls (all male, 42-73 years old with
an average of 56.9+47.8, education level
matched) were included in this study. Except
for the level of glycosylated hemoglobin (the
case group was much higher with P<0.01),
there was no significant difference in all of the
other past blood disease risk factors and labo-
ratory tests between the two groups (see Table
1).

These 10 patients were inpatients at the
Department of Neurology, Xuan Wu Hospital of
Capital Medical University from January 2011
to August 2013. The criteria of selection were
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as follows: 1) compliance with WHO diagnostic
criteria for cerebral infarction [14] (fulfillment of
the definition of stroke by meeting WHO crite-
ria; namely, sudden focal or comprehensive
neurological deficit of cerebrovascular cause
that persists beyond 24 hours, excluding cere-
bral dysfunction caused by other nonvascular
factors); 2) head MRI confirming the infarction
in the corpus callosum; 3) first cerebral apo-
plexy; 4) within seven days of onset; 5) clear
consciousness; 6) before admission, mRS < 2
and the patient is able to coordinate the exami-
nation; 7) informed consent. The exclusion cri-
teria were any of the following: 1) non-first cere-
bral apoplexy; 2) NIHSS scores demonstrating:
level of consciousness (1a) >0, or language
related item (9,10) >4, or dual upper limb move-
ment >0; excluded the interference of con-
sciousness, language and movement disor-
ders; 3) serious speech, vision, hearing
disorders that affects communication; 4)
explicit medical history of traumatic brain injury
or mental, emotional, cognitive disorders
before; 5) alcohol and/or drug abuse; 6) past
medical history of diagnosed malignancy or
suffering from severe heart, lung, liver, kidney
or other vital organ diseases. There were 2968
cases of acute cerebral infarction during period
of the study from 2011 to 2013, among of
which, there were 28 cases of patients with cor-
pus callosum infarction. Out of 18 cases of
patients were excluded because of first stroke
(3 cases), the duration of stroke more than
Tdays (4 cases), disturbance of consciousness
(one case), language barriers (3 cases) and
other reasons (7 cases).

The ten matched healthy controls were
screened by following criteria: 1) Past medical
history including no neurological or psychiatric
disorders; 2) No systemic disease (e.g., liver
and kidney dysfunction, hypothyroidism, vita-
min deficiency) or alcohol or drug abuse, which
may lead to cognitive disorders; 3) Normal intel-
ligence examinations and clinical dementia rat-
ing (CDR) score of 0.

Participation in this study was voluntary. All
tests performed gained informed consent
signed by subjects or guardians, and were given
consent by Capital Medical University Xuan Wu
Hospital Ethics Committee.

Neuropsychological tests

Semi-structured interviews were used to col-
lect all subjects’ demographic data, vascular
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risk factors (hypertension, diabetes, high cho-
lesterol, heart disease, smoking, etc.) as well
as their current and past medical histories. All
subjects were also given a detailed neurologi-
cal examination and neuropsychological
assessment. The main test questionnaire
included:

The Chinese version of Mini Mental State
Examination (MMSE-C). It includes six factors:
orientation, immediate recall, attention, short-
term memory, and language, with a maximum
score of 30.

The Chinese version of Montreal Cognitive
Assessment (MoCA-C). It includes attention
and concentration, executive functions, memo-
ry, language, visuospatial abilities, abstract
thinking, calculating abilities and orientation.
The cutoff value of MoCA on Chinese popula-
tion is > 26 with education < 12. The final score
is the actual measured score plus one point.

The Chinese version of World Health
Organization University of California-Los
Angeles, Auditory Verbal Learning Test (WHO-
UCLAAVLT): This test primarily for verbal memo-
ry, patients’ short-term memory and the ability
to learn new things, including immediate recall,
delayed recall, long delayed recognition.

The Chinese version of Wechsler Adult
Intelligence Scale (WAIS) digit span subtest: It
is an individual memory test to primarily detect
patients’ attention/working memory functions.

The Rey-Osterrieth complex figure test (ROCF),
to examine the ability of visual memory and
planning.

The above neuropsychological tests were com-
pleted within two weeks after the onset of the
stroke and were carried out by the same neuro-
psychological examination staff/researchers
for each patient. They did not know the diagno-
sis of any of the patient. All tests were complet-
ed once with 10 minute breaks offered after
each test.

MRI examination

All patients underwent cranial MRI to clearly
show the corpus callosum infarction. Regular
MRI series included axial T2 weighted image
(T2W1), T1 weighted image (TAW1), fluid atten-
uated inversion recovery image (FLAIR), and dif-
fusion weighted image (DWI). All the images
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Figure 1. MRI of patients with corpus callosum infarction (case 1-10). All subjects showed infarction in corpus cal-
losum. Since most patients kept the risk factors for atherosclerosis, the other brain tissue nearby the corpus callo-
sum were normally affected by the infarction, that some patients showed lesions going beyond the corpus callosum

(patients 1, 3, 4). However, the infarctions basically were in the supply area of the corpus callosum.

were acquired using Siemens Trio Tim 3.0T
scanner (12-channel coil, 45 T/m). Scan
sequences included: T2W1: TR/TE = 3830/98
ms, FOV: 230 x 218 mm, matrix 179 x 218;
TIWI: TR/TE = 155/2.81 ms, FOV 230 x 186
mm, matrix 156 x 320; FLAIR: TR/TE =
8500/87 ms, FOV: 230 x 201, matrix 224 x
256; DWI: TR/TE = 3000/9 Ims, FOV: 240 x
240, matrix = 160 x 160, b value (0,500, and
1000 s/mm?2. All above sequences kept the
same slice locations, thickness and space (z =
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5.0 mm, space = 1 mm). The spatial range is
the whole brain from bottom to top.

Statistics

SPSS 17.0 (www.ibm.com/software/analytics/
spss/) was used for the analysis. Categorical
variables were described using the number of
cases and percentage. Measurement data
were presented as average * standard devia-
tion (x £ s). An individual t-test or Rank test was
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Table 2. Clinical and radiological features of corpus callosum infarction patients

Case Age (yrs)

Clinical presentation

MRI finding

(corpus callosum)

Vascular assessment results
(Artery ultrasound CTA/MRA/DSA)

LW Dy. Diz Paro. Mem Others Body Splenium Genu ACA ICA VA Others
1 50 + + - left left L, M, ste L MCA, M, ste
2 63 + - - left - Bi, M, ste L, M, ste R, occ
3 59 + -+ - vertigo right - right Bi, M, ste R MCA, Sey, ste
4 73 - - - + - syncope left left L, Sev,ste L, occ. L, occ; R MCA, occ
R, Sev, ste
5 53 + - - left -
6 62 + + right - R MCA, Sey, ste;
L PCA, Seyv, ste
7 58 + - Unsteady gait - left L, occ
57 + o+ - right R, Sey, ste L MCA, M, ste
9 42 + o+ —  Limb numbness right RA2, occ
10 43 - -+ left L, Sev, ste VA-BA M, ste L MCA, Sev, ste
Sum 6 5 2 1 6 4 3 7 3 3
Table 3. Comparison of cognitive assessment between corpus cal- used for the comparison
losum infarction and control group between groups. Logistic
Case Group Healthy Controls p regression analysis was
(n=10) (n=10) gsed t.o evaluate the relg-
MMSE 1774730 274#1.70 399 0001*  tonship between cogni-
MoCA 1554363  27.7+¢1.83 949 0000+ UVe Impairment with cor-
o . pus callosum infarctions.
Individual score in MMSE Difference at P<0.05 was
Orientation to time 2.90+1.10  4.20£0.42  3.48 0.005* regarded as significant.
Orientation to place 3.20+1.14 4.30+0.48 2.82 0.015*
Registration 2.20+0.63 2.90+0.32  3.13 0.008* Results
Attention and Calculation  2.70+1.64 4.50+0.53 3.31 0.007* Demographic characteris-
Recall 1.00+0.94 2.40+0.52 412 0.001* tics and clinical features
Language 1.60+0.52 2.00+0 2.45 0.037*
Repetition 3.40+1.84 5.90+0.32  4.23 0.002* NIHSS scores of the case
Complex commands 0.60+0.52  0.90+0.32  1.57 0.138 group were 2.8+1.9. The
Individual score in MoCA main clinical manifesta-
Visuospatial & Executive  1.4040.52  4.70£0.48  21.64 0000% UonS included limb weak-
i ness (n = 6), dysarthria (n
Naming 2.70+0.48 3.00£0.00 1.73 P>0.05 = 5), dizziness (N = 2),
Attention and Calculation 3.30+1.83 5.70+0.48 4.00 0.003* memory loss (n = 2), syn-
Language 1.50+0.53 2.80+0.42  6.09 0.000%* cope (n = 1), and unsteady
Abstraction 0.80+0.79 2.00+£0.00 2.59 0.010* gait (n = 1). The MRI
Delayed recall 1.30+1.58 4.20+0.63 6.02 0.000* results showed the new
Orientation 3.80+1.14 4.90+0.32 3.16 0.012* corpus callosum infarc-
WHO-UCLA AVLT tion in the following
Immediate memory 21.50+¢13.01 50.00+4.22  7.31 0.000% regions (Figure 1): invol-
Delayed memory 3.0063.69  950:0.85 587 0000+  Vementof theleft (n =6),
Delayed recall 6904367  11.90:120 404 0003« nvolvement of right (n =
o 4), body (of the corpus cal-
WAIS digit span 9.10+1.10 12.80+1.87 6.20 0.000* losum, same as follows) (n
ROCF = 3), genu (n = 2), spleni-
Drawing reproducing 12.30+1.15 15.10+0.88 7.20 0.000* um (n = 2), body and sple-
Immediate memory 7.80+4.24 14.60+1.07 4.87 0.001* nium (n = 2), body and
Delayed memory 4.30+4.42 13.80+1.23 6.33 0.000* genu (n = 1). The vascular

*The difference is significant in statistics (P<0.05) for comparison betweencorpus cal-

losum infarction and control group.
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assessment showed ste-
nosis in the anterior cere-

Int J Clin Exp Med 2015;8(11):21991-21998



Cognitive impairments and corpus callosum

bral artery (n = 2), moderate to severe stenosis
in the carotid artery (n = 2), and occlusion in
vertebral artery (n = 2). Most of the corpus cal-
losum infarction patients had moderate to
severe arterial stenosis or occlusion (n = 9), 7
of which cases showed moderate to severe
arterial stenosis in the anterior cerebral artery.
Corresponding MR image (T1) of each patient
with callosum infarction were showed in the
Figure 1, and the characteristics and features
on each patient were showed in the Table 2.

Results of neuropsychological tests

For all results of cognitive scores see Table 3.
Most scores of cognitive assessment tests in
the case group were significantly worse than
those of the healthy controls (P<0.05) except
for naming ability in MoCA which showed no dif-
ference between the two groups. Compared to
healthy controls, the general level of MMSE in
the case group was lower (P<0.05). In MoCA
measurements, individual scores in visuospa-
tial and executive abilities, attention and calcu-
lation, language, abstraction, delayed recall
and orientation in the case group were signifi-
cantly lower than in the healthy controls
(P<0.05). In addition, scores of WHO-UCLA,
digit span and ROCF in the case group were sig-
nificantly lower than those in the healthy con-
trol group (P<0.05).

Discussion

Our study aimed to examine to cognitive dys-
functions caused by corpus callosum infarc-
tion. Our neuropsychological results were as
follows: (1) the MMSE individual factor scores
in the case group in the areas of time, orienta-
tion, immediate and delayed memory, atten-
tion, calculating ability, and repetition were sig-
nificantly lower than the scores of the control
group (see Table 3); (2) the MoCA individual fac-
tor scores of the case group in visuospatial and
executive ability, attention and calculation, lan-
guage, abstraction, delayed memory, and ori-
entation were significantly lower than the
scores of the controls. (3) the WHO-ULCA, digit
span and ROCF tests all showed that patients
in the case group had impairment in memory,
attention, planning and the ability to learn new
things. The assessment results of the MMSE
and the MoCA were similar, and which suggests
that patients had disabilities in orientation,
attention and calculation, delayed memory, lan-
guage, repetition, etc.
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The results of the MMSE and MoCA combined
with the performance of patients during the
process of assessment, indicates that patients
had 1) significantly impaired short-term memo-
ry; 2) difficulty in concentrating and were easily
distracted by other things; 3) possible long-
term memory impairments affected by atten-
tion. Additionally, when the body of CC was
affected, the patient’s vocabulary learning abil-
ity showed a much more pronounced and sig-
nificant decrease in these abilities. All of these
results are consistent with the symptoms of
patients after corpus callosum tumor surgery
that included speech impairment, memory
impairment, executive dysfunction, and signifi-
cant impairment in procedural learning ability
[12, 13].

As we cited in instruction, the corpus callosum
is @ major commissural fiber system in the
human brain to connect the left and right cere-
bral hemispheres. It plays a collaborative role
in the advanced neuronal activities between
the two hemispheres. It primarily connects
bilateral motor-speech areas, audiovisual
areas, and motor conditioned centers, coordi-
nates perception and cognition from bilateral
hemispheres, and plays an important role in
transferring movement, sensory information,
memory and cognition between the bilateral
cerebral hemispheres [2]. Under normal cir-
cumstances, the two hemispheres of the brain
work in cooperation. The corpus callosum,
which consists of neural fibers, is responsible
for communicating and transferring information
between corresponding parts of the cortex in
each hemisphere. If the corpus callosum is cut
off, the two cerebral hemispheres will be divid-
ed and in isolation, thus the cooperation
through the commissural fibers will be lost. As
an extreme example, notable split-brain
research has shown the dysfunction of
memory.

When corpus callosum infarction occurs, com-
munication between bilateral hemispheres is
affected which causes cognitive disorders in
learning, memory, thinking, and executive func-
tion. Current neuropsychological assessments
suggest that cognitive disorders caused by CC
infarction in early stages are primarily in memo-
ry, significant in attention, and accompanied by
declines in visuospatial and executive ability,
orientation, calculation, etc. Again, the CC is
primarily responsible for connecting bilateral
information from frontal, temporal, parietal,
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and occipital cortices. The body of the CC con-
nects the bilateral posterior regions of the fron-
tal and parietal cortices that form the top of the
body of the lateral ventricles and transfer
motion information. The splenium is the poste-
rior part of the CC which connects parietal and
occipital lobes. Specifically, the radiation fibers
of the splenium radiate from the CC and extend
into the occipital lobe. These fibers in the sple-
nium of the CC play an important role in deliver-
ing and integrating textual and pictorial infor-
mation from the bilateral occipital cortex [15,
16]. In this study, CC infarction most frequently
occurred in body and/or splenium, causing the
pathways in the body and splenium to be bro-
ken and interrupted which is linked to attention
disorder, and visuospatial and executive func-
tion damage as measured by multiple neuro-
psychological tests [12, 13, 17].

In our study, the MMSE results indicated that
there was no significant difference in the ability
of drawing replication between the case group
and the control group. On the other hand, the
MoCA results indicated that there was decline
in visuospatial and executive abilities while
naming ability was preserved in case patients.
The MMSE scale primarily reflects orientation,
memory and language abilities, while only one
item checks for visuospatial ability. Compared
to the MoCA, the MMSE scale is poorer in its
measurement of drawing replication and visuo-
spatial executive ability. Therefore, it makes up
for the shortcoming of the MMSE aforemen-
tioned by including both tests.

There are several limitations in this study.
Firstly, because of the low incidence of corpus
callosum infarction, there were only 10 cases
that were finally enrolled into this study during
the period of two years. So they were not suit-
able to be satisfied by single or multiple lesions.
This needs further research in the future.
Secondly, in this study, a brain damaged group
was not added to be as control group, since it is
not clear that the effect reported is due simply
to stoke or acute illness, as opposed to corpus
callosum damage. Previous studies had con-
firmed that cognitive impairment after cerebral
infarction was partly associated with lesion
location. This research mainly focused on the
effect of the white matter fiber on the cognitive
change. Therefore, other condition such as sub-
cortical structures, cortex (neurons) being
involved was not included minimizing the inter-
ference factors.
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In summary, our study shows that CC infarc-
tions can cause disorders in cognitive func-
tions, and that an infarction in a different region
might cause different levels of reduced cogni-
tive abilities. The infarction in the CC most fre-
quently occurs in the body and/or splenium,
and primarily causes disorders in memory
accompanied by declines in visuospatial execu-
tive abilities, attention and calculation etc.
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