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Abstract
Since the 1950s, amnesia or memory impairment has been repeatedly reported in patients following surgical repair of anterior 
communicating artery (ACoA) aneurysms. Postoperative infarctions following surgical repair of ACoA aneurysms are clas-
sified as involvement of the subcallosal artery (the largest unpaired perforator of the ACoA), the recurrent artery of Heubner 
(RAH), or a combination of both. Postoperative amnesia can seriously affect the patient’s quality of life, thus prompting 
physicians to discuss the symptomatology of the three infarction patterns. We made the following speculations regarding 
the causal relationship between the infarction pattern and postoperative amnesia. First, postoperative amnesia is most likely 
caused by an infarction in the territory of the subcallosal artery, particularly in the column of the fornix, a constituent of 
the Papez neuronal circuit. Second, infarction in the RAH territory alone is unlikely to cause significant amnesia. Third, 
infarcted foci in the RAH territory, when associated with a subcallosal artery infarction, can cause considerable frontal 
dysfunction due to impaired frontostriatal circuits in patients with postoperative amnesia, with resultant worsening of the 
long-term outcome or quality of life.
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Introduction

Postoperative infarctions following surgical repair of ante-
rior communicating artery (ACoA) aneurysms are classified 
as involvement of the subcallosal artery (the largest unpaired 
perforator of the ACoA), the recurrent artery of Heubner 
(RAH), or a combination of both (Fig. 1). The subcallosal 
artery and its neighboring perforator, the RAH, are the ves-
sels most commonly affected during treatment of ACoA 

aneurysms (Fig. 1c). The territory of the subcallosal artery 
includes the anterior cingulate gyrus, the anterior com-
missure, the column of the fornix, the paraterminal gyrus 
(including part of the septum pellucidum), the preoptic area, 
the rostrum and genu of the corpus callosum, and the subcal-
losal area (Fig. 2) [1]. The territory of the RAH includes the 
anterior limb of the internal capsule, the caudate nucleus, 
the globus pallidus, the nucleus accumbens, and the puta-
men (Fig. 2) [2].

Postoperative amnesia, which has been reported to occur 
in patients after the surgical clipping or coiling of ACoA 
aneurysms [1, 3], can seriously affect the patient’s quality of 
life, thus prompting physicians to discuss the symptomatol-
ogy of the three infarction patterns. We made the following 
speculations regarding the causal relationship between the 
infarction pattern and postoperative amnesia in patients fol-
lowing surgical repair of ACoA aneurysms.
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Subcallosal artery infarction

First, postoperative amnesia is most likely caused by an 
infarction in the territory of the subcallosal artery, particu-
larly in the column of the fornix, a constituent of the Papez 
neuronal circuit (Fig. 3) [1]. We previously evaluated three-
dimensional (3D) T2-weighted magnetic resonance (MR) 
images for the presence of infarcted foci in ten consecutive 
patients with postoperative amnesia. All patients had infarcts 
in the subcallosal artery, and most lesions were present bilat-
erally; five patients had additional infarcted foci in the RAH 
territory, all of which were present unilaterally (right side, 
4; left side, 1).

Specifically, two MR signs appeared characteristic. 
The first, the bowtie-like appearance of infarcts that may 
be seen on both axial and coronal MR images, repre-
sents bilateral involvement of the anterior commissure 

associated with infarcted foci in the column of the fornix 
(Fig. 3).

The second sign, a sagittally elongated infarction along 
the medial aspect of the brain on axial or sagittal MR planes 
that involves the anterior cingulate gyrus, genu, and/or ros-
trum of the corpus callosum, should represent the sagit-
tally elongated vascular distribution along the characteristic 
S-shaped course of the subcallosal artery (Fig. 5a, b and d). 
We believe that both signs could prove useful as MR indica-
tors of amnesia associated with ACoA aneurysm treatment.

RAH territory infarction

Second, infarction in the RAH territory alone is unlikely to 
cause significant amnesia. Mizuta et al. reported the neu-
ropsychological findings of five patients with computed 

Fig. 1a–c   Anatomy of the subcallosal artery and recurrent artery of 
Heubner and their supplying basal forebrain region. a Illustration of 
the subcallosal artery supplying the basal forebrain (reproduced from 
Mugikura et al. [1]). The subcallosal artery originates from the pos-
terosuperior aspect of the anterior communicating artery (ACoA), 
ascends dorsally into the lamina terminalis (LT) cistern, and sup-
plies the basal forebrain—the preoptic area (POpA), the paratermi-
nal gyrus including part of the septum pellucidum (PTG), the sub-
callosal area (SbA), the anterior commissure (AC), and the column 
of the fornix (FxCo)—and then curves forward and upward to sup-
ply the rostrum (CCr) and genu (CCg) of the corpus callosum and 
the anterior cingulate gyrus (CGa). Thus, the artery exhibits a char-
acteristic S-shaped curve and supplies these eight regions. FM fora-
men of Monro, MB mammillary body, OC optic chiasm, SP septum 
pellucidum, A2 A2 segment of the anterior cerebral artery, 3V third 

ventricle. b Specimen of the anterior cerebral artery and ACoA com-
plex injected with methacrylic resin and viewed from posterior side 
(reproduced from Mugikura et al. [1]). The subcallosal artery (large 
arrowheads) is seen arising from the ACoA. A1 and A2, right and 
left A1 and right and left A2 segments, respectively, of the anterior 
cerebral arteries; RAH right and left recurrent arteries of Heubner. c 
Coronal microangiogram of the RAH on both sides and the unpaired 
subcallosal artery (reproduced from Takahashi et al. [2]). Both inter-
nal carotid arteries have been retracted inferiorly to demonstrate the 
cisternal course of the RAH (red arrows), which follows a curved or 
tortuous course along the A1 segment of the ACA (white arrows). 
The branches of the RAH are distributed to a part of the basal fore-
brain. The subcallosal artery (blue arrow) is also seen arising from 
the ACoA (yellow arrow)
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tomography (CT)-documented infarction in the caudate 
nucleus, presumably in the RAH territory (left, 3; right, 2), 
following an operation for ACoA aneurysm. In their study, 
neurosurgeons confirmed vasospasm of the RAH intraop-
eratively in all patients; no patients showed a significant 
decrease in the memory quotient (MQ) < 85 as measured 
using the Wechsler Memory Scale, or reached significant 
amnesia, defined as the intelligence quotient measured using 
the Wechsler Adult Intelligence Scale (WAIS) minus the 
MQ > 15, although mild memory disturbance was noted in 
three patients with left caudate infarction [4]. In the study 

by Fukamachi et al. [5], two patients with bilateral RAH 
infarctions after an operation for ACoA aneurysm did not 
develop amnesia. We suppose that the subcallosal artery was 
intact in these patients, which explains why postoperative 
amnesia did not manifest. Among 14 patients with postop-
erative amnesia, including four with mild memory distur-
bance in our previous study [1], none had infarcted foci in 
the territory of the RAH alone without foci in the territory 
of the subcallosal artery. We also experienced a patient with 
unilaterally infarcted foci in the RAH territory but no foci in 

Fig. 2a–b   Identification of the regions of the basal forebrain on 
magnetic resonance (MR) imaging using multiplanar reconstruction 
(MPR). All multiplanar reconstruction (MPR) images were generated 
from three-dimensional (3D) magnetization-prepared rapid gradient-
echo (MPRAGE) images (reproduced from Mugikura et al. [1]). The 
abbreviations used in the figure are summarized in Table 1. a MPR 
sections passing through the anterior commissure (AC). The coronal 
image (middle) corresponds to the green line in the left panel (mid-

sagittal), and the axial image (right) corresponds to the red line in 
the left panel, so that both images pass through the midline part of 
the anterior commissure (AC). b MPR sections passing through the 
paraterminal gyrus (PTG). The coronal image (middle) corresponds 
to the green line in the left panel (paramedian sagittal), and the axial 
image (right) corresponds to the red line in the left panel, so that 
both images pass through the superior part of the paraterminal gyrus 
(PTG)
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the subcallosal artery territory; she did not develop postop-
erative amnesia (Fig. 4).

RAH infarction associated with subcallosal 
artery infarction

Third, infarcted foci in the RAH territory, when associated 
with a subcallosal artery infarction (Figs. 5, 6), can con-
siderably worsen the long-term outcome of patients with 
postoperative amnesia. Our patients with involvement in 
both territories had worse outcomes than those with a sub-
callosal artery infarction alone and no involvement in the 
RAH territory [6]. When we re-examined the data from 
patients in our previous study, the processing speed meas-
ured using the WAIS representing frontal function decreased 
(> 15:1, standard deviation = 15, mean 100) in four of five 
patients with subcallosal artery and RAH involvement; all 

four patients abandoned their job or worked under full-
time supervision ≥ 12 months following ACoA aneurysm 
repair (unfavorable long-term outcome), presumably due to 
frontal dysfunction associated with amnesia. Conversely, 
the processing speed decreased in only one of five patients 
with subcallosal artery involvement alone; all five patients 
returned to work or continued working in different or down-
graded jobs ≥ 12 months following ACoA aneurysm repair 
(favorable long-term outcome), although they had persistent 
amnesia.

Some amnesic patients often show persistent frontal dys-
function, including executive dysfunction and reduced pro-
cessing speed, after ACoA aneurysm repair [7, 8]. In another 
study of patients who received ACoA aneurysm clipping, 
postoperative amnesia and frontal dysfunction or reduced 
processing speed developed in those who had infarcts in the 
caudate nucleus, presumably representing the RAH terri-
tory, and in the basal forebrain, presumably representing the 
subcallosal artery territory [9]. We suspect that the associa-
tion between RAH territory infarction and subcallosal artery 
involvement could cause considerable frontal dysfunction 
due to impaired frontostriatal circuits in patients with post-
operative amnesia, leading to a worsening of the patient’s 
long-term outcome or quality of life.

Perspectives

To clarify the clinical significance of such infarction pat-
terns, further studies are needed that focus on a large num-
ber of consecutive patients treated surgically or interven-
tionally for ACoA aneurysms. Formal neuropsychological 
examinations of the patients should be performed after the 
acute stage of illness, during which they show a state of 
confusion, disorientation, and intellectual disturbance. The 
long-term outcome should be evaluated. CT or two-dimen-
sional thick-slice MR imaging, even diffusion-weighted, is 
likely to be insufficient to visualize small lesions [3]. We 
suggest that diffusion-weighted imaging should be used in 
the acute phase and 3D MR imaging in the chronic or stable 
phase.

Table 1   Abbreviations used in Figs. 1 and 2 for the anatomy of the 
basal forebrain

Abbreviation Anatomical structure

AC Anterior commissure
ACoA Anterior communicating artery
BNST Bed nucleus of the stria terminalis
CCg Genu of the corpus callosum
CCr Rostrum of the corpus callosum
Cd Caudate nucleus (anteroinferior part)
CGa Anterior cingulate gyrus
DBB Diagonal band of Broca
FxCo Column of the fornix
ICa Anterior limb of the internal capsule
POpA Preoptic area
PTG Paraterminal gyrus including a part 

of the septum pellucidum
SbA Subcallosal area
GP Globus pallidus
NAc Nucleus accumbens
Pt Putamen (anteroinferior part)
SI Substantia innominata
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Fig. 3a–d   A case of subcallosal artery infarction with persistent 
amnesia with a favorable long-term outcome. A 39-year-old man 
presented with amnesia immediately after the second clipping of 
a remnant of a ruptured aneurysm of the ACoA. Neuropsycho-
logical examination four months after the aneurysm clipping con-
firmed the amnesia (intelligence quotient (111) minus memory quo-
tient (68)  =  43  >  2 SD, 1 standard deviation [SD]  =  15, delayed 
recall < 50) along with preserved frontal function (processing speed: 
105). He continued to work in downgraded jobs ≥ 12 months follow-
ing ACoA aneurysm repair (favorable long-term outcome), although 
he had persistent amnesia after 5  years (intelligence quotient (115) 
minus memory quotient (70) = 45 > 2 SD, delayed recall: 58) along 

with preserved frontal function (processing speed: 102). Axial (a 
and b) MPRAGE and coronal (c and d) T2WI-VISTA images taken 
4  months after the second clipping bilaterally show infarcted foci 
in the column of fornix (red arrows) and anterior commissure (blue 
arrows). In axial image b, the central portion of the pars libera that 
is located at the posterior end of the paraterminal gyrus or septum 
pellucidum is missing, with only a circular margin remaining (red 
arrows). Note that on a and c, infarcted foci in the bilateral anterior 
commissure show a characteristic bowtie-like appearance, and are 
associated with the infarcted foci in the adjoining bilateral column of 
fornix. No infarcted lesions in the RAH were seen in this patient
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Fig. 4a–d   A case of recurrent artery of Heubner (RAH) infarction 
without amnesia. After operative treatment (titanium clipping) of 
the unruptured ACoA aneurysm, a 69-year-old woman had no evi-
dent neurological symptoms. Neuropsychological examination after 
the aneurysm clipping showed no evidence of amnesia and normal 
intellectual function (intelligence quotient: 102, memory quotient: 
92). Coronal (a) preoperative MR angiogram shows the multiple 
unruptured aneurysms located in the ACoA (arrows), bifurcation of 
the middle cerebral artery on the right, the distal part of the inter-
nal carotid artery, and the middle cerebral artery on the left. Surgi-
cal clipping of the aneurysms of the ACoA and the bifurcation of 
the right middle cerebral artery was successfully performed. Post-
operative computed tomography scan (b), and axial (c) and coronal 

(d) multiplanar reconstruction images of T2-weighted VISTA imag-
ing show infarcts in the nucleus accumbens, anteroinferior part of the 
head of the caudate nucleus, and anterior limb of the internal capsule, 
which presumably represent the RAH distribution (c and d, aster-
isks). The midline part of the basal forebrain, including the parater-
minal gyrus (c and d, red arrows) and column of the fornix (c, white 
arrow) on both sides perfused by the unpaired subcallosal artery, is 
preserved from infarction. Regarding the caudate nucleus (Fig.  1c), 
its inferior part perfused by the RAH is infarcted while its superior 
part, perfused by the lateral striate arteries, is not infarcted (Fig. 4d, 
#)[2]. The neuropsychological findings including memory may vary 
depending on the site involved with the head of the caudate nucleus
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Fig. 5a–d   A case of subcallosal artery plus RAH infarction with per-
sistent amnesia with an unfavorable long-term outcome. A 58-year-
old man had a ruptured aneurysm of the anterior communicating 
artery. Surgical clipping was performed on the day after onset. Neu-
ropsychological examination four months after the aneurysm clip-
ping confirmed mild amnesia (intelligence quotient (80) minus mem-
ory quotient (68)  =  12, delayed recall  <  50) and decreased frontal 
function (processing speed: 81, score below −  1 SD of the norma-
tive data). He changed his job and worked under full-time supervi-
sion  ≥  12  months following ACoA aneurysm repair (unfavorable 
long-term outcome). Neuropsychological examination for 15 months 
after the aneurysm clipping confirmed persistent amnesia (intel-
ligence quotient (94) minus memory quotient (67)  =  27, delayed 
recall  <  50) and persistent mildly decreased frontal function (pro-
cessing speed: 84, score below − 1 SD of the normative data). The 

diffusion-weighted imaging scan on the day after clipping demon-
strates acute infarction in the column of the fornix (a, blue arrows), 
paraterminal gyrus (white arrow), anterior commissure (yellow 
arrow), and the rostrum and genu of the corpus callosum (a and b, 
black arrows) on both sides. Axial MPRAGE imaging (c) and sagittal 
multiplanar reconstruction images from T2-weighted VISTA imag-
ing (d) four months after clipping show infarcted foci in the column 
of fornix (blue arrows), anterior commissure (yellow arrows), para-
terminal gyrus (white arrows), subcallosal area (white arrows), and 
the rostrum and genu of the corpus callosum (black arrows) on both 
sides. Infarction in the nucleus accumbens representing RAH terri-
tory infarction is seen on the right (c, red arrow). The entire extent of 
the lesions shows sagittally elongated bandlike infarctions along the 
medial aspect of the brain, which probably represent the distribution 
of the characteristic S-shaped course of the subcallosal artery (d)
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Conclusion

The subcallosal artery, RAH, and a combination of the ter-
ritories of these arteries are the three key infarction patterns 
following an operation for ACoA aneurysm. Postoperative 
amnesia is most likely caused by an infarction in the territory 
of the subcallosal artery, particularly in the column of the 
fornix. Infarction in the RAH territory alone is unlikely to 
cause significant amnesia. However, RAH territory infarc-
tion, when associated with a subcallosal artery infarction, 

can considerably worsen the long-term outcome or quality 
of life of patients with postoperative amnesia.
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Fig. 6a–d   A case of subcallosal plus RAH infarction with persistent 
amnesia with an unfavorable long-term outcome. A 52-year-old man 
presented with a ruptured anterior communicating artery (ACoA) 
aneurysm. Surgical trapping of the ruptured ACoA aneurysm was 
performed on the day of onset. Neuropsychological examination 
2 months after rupture confirmed amnesia (intelligence quotient (82) 
minus memory quotient (58) = 24 > 15: delayed recall < 50, 1 stand-
ard deviation [SD] = 15) and impairment of the frontal function (pro-
cessing speed: 63, score below − 2 SD of the normative data). Even 
after 2 years postoperatively, he could not return to work as a man-
ager; his family supervised his full-time work as a physical laborer, 
although he often did his job poorly or ceased halfway through (unfa-
vorable long-term outcome). Neuropsychological examination for 
3  years after the aneurysm clipping confirmed persistent amnesia 

(intelligence quotient (93) minus memory quotient (61) = 32 > 2SD, 
delayed recall  <  50) and persistent impairment of frontal function 
(processing speed: 72, score below −  1 SD of the normative data). 
Axial T1-weighted (a) and T2-weighted (b) images and axial multi-
planar reconstruction images from T2-weighted VISTA imaging (c 
and d) showing the infarcted foci involving the anteroinferior part of 
the caudate nucleus on the right side, which presumably represents 
involvement of the recurrent artery of Heubner (a, b, and c, white 
arrows) and the basal forebrain on both sides (a and b, black arrows). 
The anterior commissure (c, black arrow), paraterminal gyrus and 
subcallosal area (c, asterisks), column of the fornix (d, black arrows), 
and genu of the corpus callosum on both sides (d, white arrow) are 
infarcted, all of which presumably represent involvement of the 
unpaired subcallosal artery
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