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Anterior Choroidal Artery Occlusions:
Clinical and Laboratory Features

Anterior Koroidal Arter Okliizyonlari: Klinik ve Laboratuvar Ozellikleri
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Summary

Objective: It is very well known that the anterior choroidal artery (AChA) irrigation area has a high incidence rate for infractions and that their clinical features
vary drasticaly. We aimed to investigate the clinical characteristics of the patients with infacrts whose lesions are confined to the irrigation areas of AChA.
Materials and Methods: The patient group consisted of people who had lesions confined to AChA irrigation areas as shown in magnetic resonance imaging.
In this study, 41 patients were included. People who had lesions in addition to the AChA area, lesions extending to the areas of other arteries, those with other
lesions, those with a history of ischemic attack that is not associated with an AChA area infact, those with residual neurological symptoms as a result of a past brain
vascular disease and/or people with past lesions that might cause neurological deficits were excluded from the study. When deciding if the lesion resides within
AChA irrigation area, the typical pattern outlining thalamus and medial globus pallidus created by lesions involving the deep branch is taken into consideration.
As for the surface branch, lesions that start from amygdala and hippocampus and extend to lateral ventricle posterior horn adjacency in a way that is incompatible
with lenticulostriate arteries occlusions are taken into consideration.

Results: Hypertension was the most common risk factor with a significantly high difference. Except for 1 patient, all patients showed pure motor and sensorimotor
stroke findings. Those with small vessel disease according to TOAST etiological classification were under higher risk compared to other etiologies. When risk
factors were compared between etiological groups, those with hypertension and hyperlipidemia was higher for small vessel disease, and atrial fibrillation (AF) was
higher in cardioemboly group. NIHSS during the admission was between 1-15 (6+3.2). At the discharge, mRS was between 0-4 (1.83=1.22). Whether the infarct
area was within the irrigation areas of a branch or all the branches of AChA did not have additional significance for risk factors, etiology and prognosis.
Conclusion: It is possible to detect the ischemic lesions in the AChA irrigation areas with magnetic resonance imaging. Ischemic lesions in the typical locations
for AChA are seen in homogenous patient groups who show similarities in risk factors, etiology, and prognosis. Identification of these lesions carries importance in
terms of prognosis and directing the treatment. (Turkish Journal of Neurology 2014; 20:105-111)
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Ozet

Amac: Anterior koroidal arter (AChA) sulama alaninda enfarkt siklig: ve enfarktlarin klinik 6zelliklerinin ¢ok degisken oldugu klasik bir bilgidir. Caligmamizda,
lezyonu AChA sulama alanina sinirls enfarkti olan hastalarin klinik ve laboratuvar 6zelliklerinin belirlenmesi amaglanmistir.

Gerec ve Yontem: Hasta grubu, manyetik rezonans goriintiilemelerinde, AChA alanina sinirli lezyonu olan hastalar secilerek olusturuldu. Caligmaya 41 hasta
dahil edildi. Akut lezyonu AChA alanina ek olarak, diger arterlerin alanlarina da yayilan hastalar, ek lezyonu olanlar, AChA alaninda enfarke ile iligkilendirilemeyen
gegici iskemik atak tanimlananlar, bagvuru 6ncesinde gegirilmis beyin damar hastali31 nedeniyle sekel nérolojik bulgusu olanlar ve/veya nérolojik defisit yapabilecek
eski lezyonu goriilenler diglandi. Lezyonun AChA sulama alaninda olduguna karar verilirken, derin dalin sulama alani olan talamus lateralinde talamusun sinirini
gizen ve medial globus pallidusu da tutan lezyonun olusturdugu tipik goriintii dikkate alindi. Yiizeyel dal icin ise lentikiilo-striat arterlerin okliizyonlarinda
goriilmeyen sekilde amigdala ve hippokampustan baglayip lateral ventrikiil posterior horn komguluguna kadar ¢ikan lezyon varligi dikkate alindi.

Bulgular: Hipertansiyon ileri derecede anlamli fark ile en yiiksek oranda rastlanan degistirilebilir risk faktdriiydii. Bir hasta disinda tiim hastalarin muayenelerinde
piir motor veya sensorimotor inme bulgulari mevcuttu. TOAST etiyolojik siniflamasina gore kiigiik damar hastaliZ1 olanlar, diger etiyolojilere oranla anlamli olarak
yiiksek orandaydi. Etiyolojik gruplarda risk faktorleri karsilagtirildiginda, hipertansiyon ve hiperlipidemi kiiciik damar hastalig1 olanlarda, atrial fibrillasyon (AF)
ise kardioemboli grubunda anlamli derecede yiiksekti. Hastalarin girig NIHSS 1-15 arasindayd: (6+3,2). Taburculuklarinda mRS 0-4 arasindaydi (1,83+1,22).
Enfarkt alaninin, AChA dallarindan birinin veya tamaminin sulama alaninda olmasi, gerek risk faktorleri, gerekse etiyoloji ve prognoz agisindan fark géstermiyordu.
Sonug: Anterior koroidal arter sulama alanindaki iskemik lezyonlarin, MR goriintiileme yontemleri ile taninmas: miimkiindiir. Anterior koroidal arter igin
tipik lokalizasyondaki iskemik lezyonlar, risk fakeorleri, etiyoloji ve prognoz agisindan benzer 6zellikler gosteren homojen hasta gruplarinda goriilmektedir. Bu
lezyonlarin taninmasi, prognoz ve tedavi belirleme agisindan nem tagimaktadir. (Tiirk Noroloji Dergisi 2014; 20:105-111)
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Introduction

Anterior choroidal artery (AChA) originates from supraclinoid
segment of internal carotid artery and it is often the first branch
of internal carotid artery. However, AChA may also originate
from middle cerebral artery or posterior communicating artery
(1,2). Anatomical studies show that the deep branch of AChA
irrigates two thirds of the posterior leg of internal capsule, medial
globus pallidus, optic and auditory radiations, tail section of
caudate nucleus; its superficial irrigates uncus, head segment of
hippocampus, amygdala, piriform cortex and lateral section of
lateral geniculate nucleus, with some variation being possible in
this list of areas (3). First defined by Kolisko in 1891 and Foix et
al. in 1925, the classic triad of AChA infarcts that is hemiplegia,
hemianesthesia and homonym hemianopsia, has been confirmed in
the limited number of studies in the following years (1,3,4). The
prevalence of ischemic lesions confined to AChA irrigation areas
among other supratentorial ischemic lesions have been reported
to be between 3% and 30% in different studies (3,5). Studies
investigating the irrigation areas of AChA and ischemic lesions in
these areas reported that both the areas and the lesion frequencies
on these areas, as well as the clinical manifestations of such lesions
show great variance, and thus reinforced the notion as textbook
knowledge that AChA occlusions cannot be delineated (6). After
the prevalent use of magnetic resonance imaging (MRI), more
studies showing AChA infarcts have been published (2,3). Among
the ischemic stroke patients being followed in our clinic, those
who had lesions confined to regions that could be described as
AChA irrigation areas in MRI have drawn our attention.

Our study aims to identify the clinical properties of cases who
have ischemic lesions confined to AChA and the distribution of
these lesions.

Mterials and Method

In this retrospective study, 1216 patient files in Sigli Etfal
Training and Research Hospital between the dates January 2010
and December 2012 with the diagnosis of acute ischemic stroke
have been reviewed. Patients who had ischemic lesions in AChA
regions were determined. Ethical approval, number 387, was
obtained from Ethical Board of Sigli Etfal Training and Research
Hospital on the date 05.14.2013.

Patient group were created by selecting patients with lesions
confined to deep and/or superficial branch areas (AChAD; AChAS).
The patients whose acute lesions extend to areas of other arteries
in addition to AChA, those with additional lesions, those with
transient ischemic attacks that cannot be associated with AChA
infacts, those with residual neurological findings due to a previous
vascular brain disease and/or with previous lesions that could cause
neurological deficits were excluded from the study. If the patient
suffered from a vascular brain disease other than those, however, it
was recorded in the data. One patient who came to ER with lung
infection, high fever, breathing difficulty, consciousness disorders
among other conditions was excluded from the study even though
their lesion was consistent with AChA area, for the reason that their
clinical symptoms were dominated by systemic disease findings.

All patients except one had diffusion and apparent diffusion
coefficient (ADC) sequences and other cranial MRI studies

106

conducted at the time of their first ER visit. One patient had
a metal heart prosthetic which required cranial computerized
tomography (CT) to detect the lesion. All cranial MRI studies
were conducted using a 1.5T magnet (Excite 2.0, GE Medical
Systems) and standard acquisition methods. When determining if
a lesion resides in AChA irrigation area, the typical look outlining
thalamus from the thalamus lateral also involving globus pallidus
was taken into consideration for deep branch’s irrigation area
(Figure 1). For superficial branch, the presence of a lesion in
the area starting from amygdala and hippocampus ascending to
lateral ventricle posterior horn adjacency, excluding the outlook
seen in lenticulo-striate artery occlusions (Figure 1) was taken
into consideration. Forty one patients were determined as the
patient group using these criteria. The patient group was further
divided into 2 subgroups as those with infarcts on only deep or
only superficial branch areas of AChA (“AChAD or AChAS”),
and those with involvement on both branches at the same time
(“AChAD+AChAS”).

Ages, sex, vascular risk factors such as hypertension, diabetes
mellitus, hyperlipidemia, heart disease, history of stroke, atrial
fibrillation (AF), smoking and alcohol use of the patients were
recorded. Reasons for visitation for all patients, their symptoms,
neurological findings at the time of admission and the drugs they
used were investigated. Routine biochemical studies, serological
tests (VDRL, TPHA), electrocardiogram (ECG), transthoracic
echocardiogram and/or transesophageal echocardiogram, bilateral
carotid vertebral artery Doppler ultrasonography, cranial MR
angiography were evaluated. For young patients (age <45: 3
patients) we made sure that vasculitis studies were conducted.
In one case, Doppler ultrasonography was not performed but
the presence of symptomatic or asymptomatic constriction was
determined based on cervical CT-angiography findings. The
clinical statuses of the patients were determined according to
Oxfordshire Community Stroke Project (OCSP) classification, and
etiological classification was determined using Trial of ORG in
Acute Stroke Treatment (TOAST) criteria (7,8). For the prognosis
evaluation, we used National Institute of Health Stroke Scale
(NIHSS) and modified Rankin Scale (mRS) were used for their
admission and discharge (approximately on the 10th day) (9,10).
NIHSS score <8 had mRS score 1; NIHSS score between 8-14
had mRS score 1 or 2; NIHSS score >14 had mRS score 1-3 were
determined as patients with good prognosis. Others (NIHSS score
>14 and mRS score 4-6) were determined as bad prognosis (9,10).

For statistical analyses, SPSS 16.0 for Windows Evaluation
Version was used. The two groups “AChAD or AChAD” and
“AChAD+AChAD” were compared for etiology, risk factors and
prognosis using Chi-square (or Fisher test, when necessary).

Results

Among 1216 patients with ischemic stroke diagnosis, 41
patients had lesions on the AChA irrigation area. Twenty three
of these 41 patients were male and 18 of them were female
(56.1% and 43.9%) between the ages 37 and 90 (65.93+13.05).
Their hospital stay lasted between 5 and 22 days (11.15+3.95).
Lesion was located on the left for 19 patients and right in 22.
Twenty (48.8%) patients had AChA-deep/superficial, 21 (51.2%)
patients had AChA-deep+superficial area infarcts and there
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were statistically significant difference in terms of lateralization
(p=0.87) (Table 1).

Changeable risk factors are shown on Tables 2 and 3.
Hypertension significantly was the most frequently seen risk factor
by a large margin (p<0.001). In 11 patients, AChA occlusion
developed during prophylactic treatment: 8 of them during
antiaggregant treatment and 3 of them during anticoagulant use.

All patients but one showed pure motor or sensory stroke
symptoms (OCSP classification: “Lacunar syndrome”). One patient
(OCSP classification: “partial anterior circulation syndrome”) had
head-eye deviation and homonymous hemianopsia in addition
to hemiparesis and hemihypoesthesia. This patient with partial
anterior circulation syndrome was in “AChAD+AChAS” group and
the infarct site coincided with the entirety of the irrigation area of
deep and superficial branches (Figure 2). However, the lesions of
the patients in “AChAD+AChAS” group did not involve the whole
irrigation area of AChA, even though they involved the areas of
both branches (Figure 3). The distribution of the clinical conditions
of 21 patients in “AChAD or AChAS” and “AChAD+AChAS”
subgroups according to OCSP classification was the same.

The distribution of the entire patient group, and “AChAD
or AChAS” and “AChAD+AChAS” subgroups according to
TOAST etiological classification is given in Tables 4 and 5, and
the risk factors of the entire patient group according to TOAST
classification is given in Table 6. People with small vessel disease
were significantly more common compared to other etiologies
(p<0.001) (Table 4). For all TOAST classification groups, “AChAD
or AChAS” and “AChAD+AChAS” patients were equal (Table
5). When the risk factors for etiological groups were compared,
hypertension and hyperlipidemia was significantly more common
in small vessel disease; atrial fibrillation (AF) was more common in
cardioembolism group (p=0.035; p=0.011; p=0.005 respectively).
Results of laboratory and other studies that the etiology in TOAST
classification is based on are shown in Table 7.

The entrance NIHSS scores of the participants were between
1-15 (median= 6). In only one of the patients NIHSS score was
>14 (NIHSS= 15). This patient had partial anterior circulation
syndrome and was in “AChAD+AChAS”. In exit examinations,
NIHSS scores for all patients were lower (between 0-12; median=
4). The decline in NIHSS scores between entrance and exit was
found to be statistically significant (p<0.001). One patient
showed worsened clinical findings at the time of admittance.
Repeated diffusion MRI study showed that the lesion got bigger
but were still limited to AChA region (Figure 4 a, b). Despite
the worsening examination findings at the time of admittance, the
symptoms improved before discharge. Table 8 shows NIHSS at
entrance and exit for “AChAD or AChAS” and “AChAD+AChAS”.
During discharge mRS scores of the patients were between 0-4.
For six patients, exit mRS score were above 3, meaning mRS= 4.

Discussion

In our study, the ratio of patients whose ischemic lesions were
confined to AChA irrigation area to the ischemic stroke group
was found to be 3.4%. The infarcts of AChA were first reported
by Kolisko et al. in 1891 and Foix et al. in 1925 (1,3,4). Until
1983, there have been only 25 reported cases (1). After his date,
two studies with Ct and a limited number of studies using newer

Table 1. Lateralization in “AChAD or AChAS” and AChA-
deep+superficial occlusions*®

Lateralization Localization Total
“AChAD or @ —
e AChAD+AChAS
Right 9 10 19
Left 11 11 22
Total 20 21 41

* p=0.87, **: Anterior choroidal artery branch occlusion , ***: Anterior
choroidal artery total occlusion

Table 2. Changeable risk factors for all patients

Risk factors n* %**
Hypertension 33 80.5
Hyperlipidemia 17 41.5
Smoking 16 39

Diabetes mellitus 15 36.6
Heart disease 8 19.5
Atrial fibrillation 8 19.5
Past brain vascular disease 7 17.1

*: Number of patients with risk factors, **: Ratio of the patients affected with
that risk factor to total number.

Table 3. Changeable risk factors for ““AChAD or AChAS”
and “AChAD+AChAS” subgroups

Risk factors “AChAp or “AChAp+
AChAy” (n) AChAy” (n)

Hypertension 17 16

Hyperlipidemia 9 8

Smoking 8 8

Diabetes mellitus 7 8

Past brain vascular 5 2

disease

Heart disease 4 4

Atrial fibrillation 3

Table 4. TOAST etiological classification

Etiology n %*

Large artery atherosclerosis (thrombosisor

embolism) 5 =

Cardioembolism 5 12.2

Small vessel disease 20  48.8*

Other etiologies 1 2.4

Unknown (or multiple) etiologies 12 29.3

n: Number of patients, *: Ratio of the patients affected with that etiology to
total number, **: Statistically significant difference from the etiologies found in
the group (p<0.001)
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Table 5. Etiologies in “AChAD or AChAS” and “AChAD+AChAS” occlusions

Etiology

Lesion location

“AChAD or AChAy” “AChAD+AChAY” Total
Large artery atherosclerosis 2 1 3
Cardioembolism 2 3 5
Small artery atherosclerosis 10 10 20
Other known etiologies 1
Unknown etiologies 6 12
Total 20 21 41
Table 6. Distributions of patient group risk factors over TOAST classification
Risk factor Etiology Total
T1 T2 T3 T4 TS5
Hypertension Present 3 3 19* 0 33
Absent 0 2 1 1 8
Total 3 5 20 1 12 41
Hyperlipidemia Present 0 0 13 1 17
Absent 3 5 7 0 24
Total 3 5 20 1 12 41
AF+** 0 3* 0 0 8
ECG NSR 3 2 20 1 7 33
Total 3 5 20 1 12 41

*: Etiological group and risk factor according to TOAST classification that show statistically significant difference, p=0.035 for hypertension, p=0.011 for hyperlipidemia,

p=0.005 for atrial fibrillation, **: atrial fibrillation

Table 7. Etiological distribution of anterior choroidal artery patients according to clinical and laboratory findings

Etiology Study Count Total
TOAST 1 Symptomatic side CI* narrowness >50% 3 3
TOAST 2 Atrial fibrillation 3
Akinetic segment 1 5
Interatrial septal aneurism+SEKY 1
TOAST 3 Minimal atherosclerotic changes. fibrocalcific plaques 16 "
Symptomatic side CI* narrowness <50% 4
TOAST 4 Hyperhomocysteinemia+smoking+ hyperlipidemia 1 1
TOAST 5 Multiple etiological causes Large v+AF (+metal valve) 11D
Small 1
v+hypokinesis 1
Small v +AF 3 12
o ) Echo missing 3
Missing studies o
Doppler USG missing 2

*Carotis interna, tfSpontaneous echo contrast
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Table 8. NIHSS scores of the patients

Entrance NIHSS Exit NIHSS
Descriptive statistics
“AChAD or AChAy” “AChAD+AChAy” “AChAD or AChAy” “AChAD+AChAy”
(n=20) (n=21) (n=20) (n=21)
Medyan b) 7 3 5
Minimum 1 3 0 0
Maksimum 13 15 12 11

Figure 1. Anterior choroidal artery irrigation areas (highlighted). a, b)
surface branch area; c-f) deep branch area ( Adapted from Bruno A. Et al:
Anterior choroidal artery territory infarction: a small vessel disease. Stroke

1989; 20:616-619)

imaging techniques suggested AChA infarcts as the second most
common infarcts of the deep perforation of carotid system (1).
The capability of the newer imaging techniques such as MR
angiography in detecting AChA are still a matter of debate (11).
This situation can be explained by the special anatomy of AChA
and the rich anastomoses that it develops.

The frequency of ischemic lesions on the AChA irrigation area
was reported as 2.9% by Sterbini et al. and 5.13% by Palomeras et
al. (3,12). Due to the fact that both studies had to exclude patients
with systemic diseases or residual findings from older lesions,
it is possible that the reported ratios can vary a little. Based on

Figure 2. Anterior choroidal artery deep and superficial branch joint
involvement, an infarct covering the entire irrigation area

Figure 3. Anterior choroidal artery deep and superficial branches joint
involvement, partial coverage of the irrigation area by the infarct

the literature, however, it is possible to say that the frequency of
ischemic lesions on the AChA irrigation area is 3-5%, much like it
is confirmed by our study.

In our study, hypertension was significantly the most
commonly seen risk factor. Atrial fibrillation and heart disease
were less common. In a study by Bruno et al. using patients with
AChA infarcts as shown by CT, it was found that , much like our
study, the most important risk factor was hypertension and that
carotid artery stenosis and potential cardiac embolism sources can
be coincidental (13). Similarly in other studies, findings that could
suggest cardiac embolism are much less common (12,14,15).
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Figure 4. a) First imaging study of the patient upon admission; b)
MRI study repeated after the clinical progression; enlarged lesion
on anterior choroidal artery deep and superficial branches area

All but three of our patients showed pure motor or sensorymotor
stroke findings. Much like in our study, the most common finding
in AChA infarcts is hemiparesis. It can be at moderate or high
severity. It is often accompanied by sensory symptoms but it may
also present as pure motor disorder (5,16).

The clinical picture of the AChA irrigation area ischemic
lesions was first reported in 1891 as hemiplegia, hemianesthesia
and homonymous hemianopia (1). After 1983, however, two
CT studies showed the large diversity in AChA irrigation area
infarcts and their clinical manifestations due to the entanglement
of AChA and smaller arteries in that neighborhood (6,14). With
the advancement of newer techniques, AChA infarcts became more
defined and partial clinical patterns such as lacunar syndrome was
seen to be more common (1). Sensory symptoms occur due to the
involvement of sensory pathways going through the posterior leg
of internal capsule or the involvement of thalamus. In addition
to the evidence of pure sensory findings in AChA infarct patient
series, there are also studies suggesting that sensory findings are
not seen in isolation but only in conjunction with motor findings
(5,16).

One of our patients had cortical findings (head-eye deviation
and/or aphasia, homonymous hemianopia) in addition to
hemiparesis and hemihyposthesia. The most commonly seen visual
field disorders in AChA occlusions are homonymous hemianopia
and upper quadrant defect (16). In our study, small vessel disease
according to TOAST etiological classification was more common
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than other etiologies. When the risk factors of the etiological
groups were compared, hypertension and hyperlipidemia was more
frequently seen in people with small vessel disease and AF was more
common in cardioembolism group. Among the reasons for AChA
occlusions, the most emphasized one is small vessel disease. This
mechanism is thought to be responsible especially for the dorsal
leg of internal capsule and medial globus pallidus infarcts. If AChA
infarcts reach to medial temporal lobe and if ipsilateral carotid
artery disease (stenosis, atherosclerotic plaque) is detected, artery-
to-artery embolism should be considered as the infarct mechanism
(1,16). Other causes such as cardioembolism and hyperviscosity
have also received attention (12,14,16,17). Helgason et al. reported
potential cardiac embolism sources in 2 patients with AChA out of
11 (one AF, other ischemic cardiomyopathy), and they suggested
small vessel occlusions as the most common cause of AChA
irrigation area infarcts (15). Bruno et al. investigated the cause of
infarcts in 31 patients with AChA infarcts and reported that those
were caused by small vessel disorder with chronic hypertension
being the most important risk factor. However, only half of the
patients went through echocardiography to evaluate their carotid
arteries (13). It is clear that different studies originating from
different centers report very different results for AChA occlusions
(18). The reason for this variation is probably the number of missing
measurements and the lack of exclusion of patients whose lesions
lay outside of AChA regions. The notion that small vessel disease is
the leading cause of AChA infarctions, however, has gained traction
and the most common risk factor has been accepted as hypertension
much like in our study (4,6,19).

In our study, we differentiated and evaluated the infarcts in
“AChAD or AChAS” and “AChAD+AChAS” and arrived at the
same conclusions with the anatomical studies and only one other
non-anatomical study. In Palomeras et al. study as well, like in our
study, there were no differences in etiological clinical classification
between only deep branch occlusion, and deep and superficial
branch involvement together (3).

Median NIHSS score at the time of entry was found to be
6 in out patient group while the exit score was found to be 4.
Exit NIHSS was lower for all patients and the mRS values were
between 0-4. Only 19.4% of our cases had mRS>3. These findings
suggested that AChA area lesions may have good prognosis. There
is little information available on the prognosis and severity of
deficit in patients with AChA area infarcts (20). Also in Palomeras
et al. study, median NIHSS score was 3, and the mean score during
discharge was 2 (3). In other studies that took mRS as the criterion,
31% of the cases required walking assistance (5).

In conclusion, it is possible to detect AChA irrigation area
lesions with MRI methods. Ischemic lesions located in typical
AChA areas can be seen in homogenous patient groups with similar
risk factors, etiologies and prognoses. Recognition of such lesions
carry importance in terms of prognosis and treatment planning.
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