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1. INTRODUCTION

The thalamus

, Aylin Aytekin Yesilgoz!

is a cerebral structure

, Eylem Ozaydin Goksu!“*, Mert Van!**, Ecem Agdak!

Objective: The thalamus is a control point that is a gateway for all sensory impulses
except smell and contributes to regulating the sleep-wake process. Therefore, infarcts of
the thalamus cause a diversity of symptoms along with a diversity of vascular anatomy.
The fact that thalamic infarcts are mostly considered lacunar infarcts seems to create
inadequacy in understanding the etiology. This study aimed to compare the etiologic,
diagnostic, and therapeutic parameters of thalamic infarction.

Materials and Methods: This retrospective study analyzed 230 patients with thalamic
infarction among 820 stroke patients admitted between January 2019 and April 2022.
Patients with hemorrhagic stroke, malignancy, or infection were excluded. Demographic
data, comorbidities, imaging results, and treatments administered were evaluated. All
these results were analyzed in two subgroups: isolated thalamic and extrathalamic
involvement.

Results: Bilateral thalamic involvement was 8.386 times more common in patients with
extrathalamic participation. Patients using dual antiaggregants had 2.207 times higher
isolated thalamic involvement, while those on oral anticoagulants had 2.378 times higher
extrathalamic involvement. Pathologies in the basilar and vertebral arteries increased the
risk of extrathalamic involvement by 2.660 times (p<0.001).

Conclusion: Thalamic infarcts cannot be considered exclusively lacunar. Extrathalamic
involvement has been associated with worse functional scores and arterial pathologies.
The protective effects of dual antiaggregants and oral anticoagulants vary depending on
whether the thalamic infarct is extrathalamic or not, emphasizing the need for
individualized therapies.
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modulation of these functions and is thus

responsible for purposeful conscious behavior.3

located in the dorsal part of the diencephalon,
between the cerebral cortex and the midbrain,
consisting of several interconnected gray matter
nuclei separated by laminae of white matter and
providing transmission between the cerebral
cortex and peripheral structures, the spinal cord
or brainstem.12 The thalamus, which is considered
a gateway for afferent signals from all systems
except the sense of smell, provides filtration of
incoming motor and sensory signals and transfers
them to the cerebral cortex. As such, it governs our
sensitivity to heat, light, and physical touch, and
controls the flow of visual, auditory, and motor
information. It plays a role in motivation and
sleep-wake processes and controls proprioceptive

sensation. The thalamus is involved in the

Thalamic infarcts are known to occur most
commonly with an etiology of small vessel disease
and may
involvement.#-¢ The thalamus is supplied by the
polar artery (posterior communicating artery),
paramedian thalamic-subthalamic arteries,
inferolateral (thalamogeniculate) arteries, and
posterior choroidal arteries (medial and lateral).
These are all branches of the posterior cerebral
artery (PCA).
supplying the thalamus are terminal arteries, it
can be assumed that thalamic infarctions are
mostly lacunar and the etiology is small vessel
disease. However, in vertebral and/or basilar
artery-related infarcts in which the PCA is also
affected, different clinical pictures may occur

show unilateral or bilateral

Considering that all arteries
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according to the characteristics of the arterial area
affected by the infarct due to extrathalamic
involvement as well
involvement.17.8 The incidence of PCA infarcts is 5-
10% of all ischemic strokes and the most common
causes
However, causes other than thrombotic processes
such
Moyamoya disease,
mitochondrial diseases,
syndrome,
dolichoectasia and vasculitis, and central nervous

as signs of thalamus

are atherosclerosis and embolism.

as dissection, hemorrhage, migraine,

dysplasia,
cerebral

fibromuscular
reversible
vasoconstriction vertebrobasilar
system infections may also be involved in the
etiology.7.9-11

Due to the differences in the localization of
the affected vessel and the differences in the
etiological causes, it is important to make an
etiological evaluation of patients with isolated
thalamic infarcts and patients with thalamic
infarcts with extrathalamic
addition to this, it is an absolute necessity for the
treatment of acute stroke to be directed towards

involvement. In

this etiologic cause for the treatment to be applied
correctly. Therefore, this study aimed to compare
the diagnostic and therapeutic parameters of
thalamic infarcted patients with isolated thalamic
involvement and thalamic infarcted patients with
extrathalamic involvement and to evaluate the
relationship with etiologic causes.

2. MATERIAL AND METHODS

In this study, patients admitted to our
hospital with a diagnosis of thalamic infarction
were retrospectively analyzed. History and
demographic data from all patients
recorded. Neurologic examination
including detailed of somatosensory
functions and motor performance were also
evaluated.

were
records
tests
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We retrospectively analyzed 820 patients
with a diagnosis of stroke who were hospitalized
and treated in our hospital between January 2019
and April 2022. Among these patients, patients
without thalamic involvement, patients whose
hospitalization and follow-up could not be
performed by us after diagnosis, patients with
malignancy, patients associated with infection,
and patients diagnosed with hemorrhagic stroke
were excluded. Ethics committee approval was
obtained for the study (The Ethics Committee of
the Antalya Education and Research Hospital
approved this study (Number: 2024-152 KN:
7/11).

230 patients with thalamic stroke were
the  study
retrospectively. Etiological factors such as age,
gender, hypertension, diabetes
mellitus, coronary and peripheral artery disease,

included in and analyzed

lateralization
history of previous cerebrovascular events,
history of dementia, history of seizures, smoking,
presence of atrial fibrillation, and family history
were evaluated and recorded. In addition,
functional assessments such as cognitive
impairment, hemoglobin (Hb), Mean Corpuscular
Volume (MCV), platelet, Mean Platelet Volume
(MPV), hemoglobin A1C (HbAlc),
hyperlipidemia (HL) results, and medication
history were recorded. In addition, the results of
imaging scoring systems Alberta Stroke Program
Early CT Score (ASPECT), Fazekas Scale and
Computed tomographic angiography (CTA), tissue
plasminogen activator (tPA) and Endovascular
thrombectomy EVT procedures and Trial of Org
10172 in Acute Stroke Treatment (TOAST) criteria

were recorded (Table-1,2).

and
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Table 1.

Identification of risk factors for isolated thalamus involvement and extrathalamic involvement
(Demographic data)

Extrathalamic
involvement Univariate
No Yes Total OR (%95 CI) p
69,1 + 70,6 £ 69,8 +
Age 13,1 13,7 13,4 1,008 (0,989-1,028) 0,399
Gender
44
Female 55 (55,6) (444) 99 (43) Reference
64
Male 67 (51,1) (489) 131(57) 1,194 (0,707-2,016) 0,507
Lateralization
101 222
Unilateral 121 (54,5) (45,5) (96,5) Reference
Bilateral 1(12,5) 7(87,5 8(3,5) 8,386 (1,015-69,301) 0,048
Hypertension
41 93
() 52 (55,9) (44,1) (40,4) Reference
67 137
(+) 70 (51,1) (48,9) (59,6) 1,214 (0,715-2,060) 0,473
Diabetes Mellitus
64 133
() 69 (51,9) (48,1) (57,8) Reference
44 97
(+) 53(54,6) (45/4) (42,2) 0,895 (0,530-1,513) 0,679
Coronary Arterial Disease
72
(-) 89 (55,3) (44,7) 161(70) Reference
36
(+) 33(47,8) (52,2) 69(30) 1,348 (0,766-2,373) 0,300
Peripheral Arterial Disease
103 222
() 119 (53,6) (46,4) (96,5) Reference
(+) 3(37,5) 5(62,5) 8(3)5) 1,926 (0,449-8,254) 0,378
Cerebrovascular Disease
89 186
(-) 97 (52,4) (47,6) (80,4) Reference
20 44
(+) 24 (54,5) (45,5) (19,1) 0,882 (0,458-1,698) 0,707
Dementia
105 221
(-) 116 (52,5) (47,5) (95,2) Reference
(+) 6(66,7) 3(333) 9(39 0,984 (0,725-1,335) 0,917
Seizure
106 227
(-) 121 (53,3) (46,7) (98,7) Reference
+) 1(33,3) 2(66,7) 3(1,3) 2,283(0,204-25,536) 0,503
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Table 1. (Continued)

Smoking
95 197
() 102 (51,8) (48,2) (85,7) Reference
13 33
(+) 20(60,6)  (394) (14,3) 0,698 (0,329-1,481) 0,349
Atrial Fibrillation
88 195
() 107 (54,9) (45,1) (84,8) Reference
20 35
(+) 15(42,9) (57,1) (15,2) 1,621 (0,784-3,352) 0,192
Family History
108 229
() 121 (52,8) (47,2) (99,6)
(+) 1(100) 0(0) 1(0,4)

Table 2.

Identification of risk factors for isolated thalamus involvement and extrathalamic involvement (Test
results, imaging results, and scoring systems)

Extrathalamic
involvement* Univariate
No Yes Total OR (%95 CI) p
Cognitive Impairment
() 106 (58,9) 74 (41,1) 180 (78,3) Reference
1,362 (0,874-
(+) 15 (31,3) 33 (68,8) 48 (20,9) 2,123) 0,172
0,960 (0,843-
Hb 12,8+1,8 12,7+2,2 12,8+2 1,093) 0,538
1,008 (0,979-
MCV 83,9+10,2 845+7,6 84,1+9,1 1,037) 0,610
1,001 (0,998-
Plt 242,7+84,1 2498+78 246+81,2 1,004) 0,510
1,038 (0,797-
MPV 108+1 10,8+ 1 108+1 1,353) 0,781
1,083 (0,947-
HbalC 69+19 7,2+2,1 7,1+2 1,238) 0,245
HL
(-) 110 (53,4) 96 (46,6) 206 (89,6) Reference
1,146 (0,492-
(+) 12 (50) 12 (50) 24 (10,4) 2,669) 0,752
Medication Use
1,716 (0,281-
No medicine 2 (40) 3(60) 5(2,2) 10,471) 0,558
1,363 (0,795-
Single antiaggregant 41 (48,2) 43 (51,8) 84 (37,3) 2,335) 0,260
2,207 (1,292-
Double antiaggregant 64 (64) 36 (36) 100 (43,5) 3,768) 0,004
2,378 (1,188-
Oral anticoagulant 15 (35,7) 26 (64,3) 41 (18,3) 4,760) 0,014
ASPECT Score
1,563 (0,792-
<6 18 (43,9) 23 (56,1) 41(17,8) 3,086) 0,198
>6 104 (55) 85 (45) 189 (82,2) Reference
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Table 2. (Continued)

Fazekas Score

0,9744 (0,541-

0-1 84 (53,5) 73 (46,5) 157 (68,3) 1,645) 0,838
2-3 38(52,1) 35 (47,9) 73 (31,7) Reference
CTA
() 83 (63,4) 48 (36,6) 131 (57,0)
2,660 (1,554-
(+) 39 (39,4) 60 (60,6) 99 (43,0) 4,553) <0,001
tPA
(-) 117 (54,2) 99 (45,8) 216 (94,7) Reference
2,364 (0,691-
(+) 4 (33,3) 8 (66,7) 12 (5,3) 8,084) 0,170
EVT
(-) 120 (53,8) 103 (46,2) 223 (97,8) Reference
4,660 (0,513-
(+) 1(20) 4 (80) 5(2,2) 42,356) 0,172
TOAST
Large-artery
atherosclerosis 9 (47,4) 10 (52,6) 19 (8,3) 1,41 (0,54 - 3,68) 0,482
Cardioembolism 16 (42,1) 22 (57,9) 38 (16,5) 1,75 (0,85 - 3,6) 0,131
Small-vessel occlusion 16 (59,3) 11 (40,7) 27 (11,7) 0,87 (0,38 -2,01) 0,750
Stroke of other
determined etiology 1(33,3) 2 (66,7) 3(1,3) 2,54 (0,23 - 28,65) 0,451
Stroke of
undetermined etiology 80 (55,9) 63 (44,1) 143 (62,2) Reference

*n (%); mean * s.deviation

Abbreviations: mRS: Modified Rankin Scale, Hb: Hemoglobin, MCV: Mean Corpuscular Volume, Plt: Platelet, MPV:
Mean Platelet Volume, HbA1lc: Hemoglobin Alc, HL: Hyperlipidemia, ASPECT: Alberta Stroke Program Early CT
Score, CTA: Computed Tomographic Angiography, tPA: tissue plasminogen activator, EVT: Endovascular
thrombectomy and TOAST Criteria: Trial of Org 10172 in Acute Stroke Treatment Criteria

Data were analyzed with IBM SPSS V23.
Mann-Whitney U test was used to compare the
chi-square and Continuity
correction tests were used to analyze categorical
data. A significance level of p<0.05 was taken.

values. Pearson

3. RESULTS

There was no difference between the two
groups according to age and gender. 8 of 230
patients had bilateral thalamic involvement. The
rate of extrathalamic involvement in unilateral
patients 45.5%, the of
extrathalamic involvement in bilateral patients
was 87.5%. Extrathalamic involvement in patients
with bilateral thalamic involvement was 8.386
(95% CI= 1.015-69.301) times higher than those
with isolated thalamic involvement (p=0.048).

was while rate

When the data in Table 2 are evaluated;
there was no significant difference between

89

isolated thalamic and extrathalamic involvement
in terms of cognitive impairment, hemoglobin,
MCV, platelet, MPV, HbAlc, and hyperlipidemia.
When evaluated according to the history of
medication (antiaggregant or anticoagulant) that
the patients were taking at the time of admission;
no medication, single antiaggregant use, dual
antiaggregant use, and oral anticoagulant use
were compared. Accordingly, isolated thalamus
involvement was 2.207 (95% CI=1.292-3.768)
times higher than extrathalamic involvement in
patients using dual antiaggregant (p=0.004). In
contrast, extrathalamic involvement was 2.378
(95% CI=1.188-4.760) times higher than isolated
thalamus involvement in patients
anticoagulants (p=0.004). There

significant difference between the two groups in
the comparison of patients with no other drug use
and patients with single antiaggregant use. There

on oral

was no
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was no difference between the two groups in
terms of ASPECT score and Fazekas score
indicating lesion burden. Again, when compared
according to TOAST criteria, there was no
significant difference in both groups according to
TOAST subgroups. In addition, isolated thalamic
and extrathalamic involvement was compared
according to the treatments applied to the patients
and the results of both groups were similar in
terms of tissue plasminogen activator therapy and
endovascular thrombectomy. Finally, the risk of
pathology in the basilar artery and vertebral
arteries on CTA was 2.660 (95% CI=1.554-4.553)
times higher in extrathalamic involvement than in
isolated thalamic involvement (p<0.001).

4. DISCUSSION

The thalamus is a structure with important
roles in the sleep-wake cycle, mediating cortical
stimulus responses, emotions, sensory (gustatory,
somatosensory, visual, and auditory) information
processing and connection to the cortex, and many
other cognitive functions.12 Thalamic ischemia is a
stroke localization that can be frequently seen
both in isolation and in association with infarcts
involving other
complexity of the nuclei of the thalamus and the
potential for different variations in the arteries

structures.’3 The functional

supplying the thalamus result in wide variations in
the clinical presentation of thalamic infarcts.*

There are many studies in the literature on
the relationship between the different arterial
anatomy of the thalamus and stroke. Especially
publications on Percheron artery infarcts have
started to appear frequently in the literature.
However, there are no studies on the etiology of
isolated thalamic infarcts.14-16

In our study, involvement outside the
thalamus was observed in a total of 108 patients.
These patients were compared with patients with
isolated thalamus involvement. Bilateral thalamus
involvement was approximately 8 times more

common in patients with extrathalamic
involvement than in patients with isolated
thalamus involvement. Although subgroup

analysis could not be performed in this group due
to the small number of patients, it was thought
that the presence of bilateral thalamus and

90

simultaneous extrathalamic involvement may be
associated with percheron artery infarcts. There
are articles supporting this in the literature.1516
The view that thalamic infarcts are predominantly
lacunar infarcts does not fit the data of this
study.17.18

The most important data of the study is the
estimation of the risk related to the protective
effect of the medical treatment (antiaggregant or
anticoagulants) used by the patients before stroke.
In the study, patients without medication, patients
using single or dual antiaggregants, and patients
using oral
Accordingly, the results of single antiaggregant
use were similar in terms of isolated thalamic

anticoagulants were compared.

stroke or stroke with extrathalamic involvement.
However,
approximately 2.2 times higher than stroke with
extrathalamic involvement in patients on dual
antiaggregants. On the contrary, stroke with
extrathalamic involvement was 2.3 times higher
than isolated thalamic stroke in patients using oral
anticoagulants. Accordingly, dual antiaggregant
use was found to be a protective factor in terms of
extrathalamic In addition,
anticoagulant use was found to be a protective
factor for isolated thalamic involvement. When

isolated thalamic stroke was

involvement. oral

these statistically significant differences obtained
in terms of medical treatments are considered
from an etiologic point of view, it was concluded
that single antiaggregants used in the treatment of
small vessel disease in the etiology of thalamic
infarction did not make a significant difference in
terms of isolated thalamic involvement and
extrathalamic involvement. As a result, the choice
of medications used for secondary prophylaxis
due to previous cerebrovascular disease and/or
coronary disease affected the infarct area in these
patients with  extrathalamic
involvement, conditions such as stenosis, plaque,
or large
extrathalamic involvement significantly.19.20

patients. In

dissection in vessels increase

The study has some limitations. First, it is
a retrospective study. Controlled prospective
studies will be necessary to form a more definite
opinion. Secondly, the areas of involvement of
patients with extrathalamic participation are

quite large and show differences. Finally, the
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sample numbers in some subgroups are
quantitatively  low, although statistically
significant.

In conclusion, it has been shown in this
patient group that thalamic infarcts cannot be
explained only by lacunar infarction etiology.
Therefore, the etiology of thalamic infarcts should
be investigated in more detail. In our study, results
that were contrary to what is known in terms of
medical treatment of thromboembolic processes
were shown. Prospective studies with large
samples are needed for more precise information.
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