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All patients with ruptured aneurysms admitted to
neurosurgical departments in Denmark after April, 1978,
are the subjects in a prospective study that includes
neuropsychological examinations. Data from 48 patients
with aneurysms of the anterior communicating artery
have been analyzed. Trapping of the aneurysm was done
in 11 patients and resulted in an amnesic syndrome in 9.
Thirty-seven patients were operated upon by ligation of
the neck of the aneurysm or similar procedures, resulting
in 6 cases of amnesia. Trapping invariably disrupts blood
supply through newly described dorsal perforating
branches from the anterior communicating artery. These
perforating branches may supply areas of vital importance
to memory function.
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The six neurosurgical departments in Denmark have
entered a collaborative study of intracranial ruptured an-
eurysms. Clinical data are recorded prospectively, and
both preoperative and postoperative computerized tomo-
graphic (CT) scans and angiographic studies are available
in most cases. The study includes neuropsychological ex-
aminations done three months and two years following op-
eration.

The purpose of this paper is to discuss our finding of an
amnesic syndrome in some patients operated on for
aneurysms of the anterior communicating artery, and to
present a possible explanation for its occurrence.

Materials, Methods, and Results

The present investigation comprises 48 consecutive
patients operated on for aneurysms of the anterior com-
municating artery in four facilities during two years. Four
additional patients were not available for neuropsychologi-
cal examination.
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Based on the results from the examination done three
months following operation, 15 of the 48 patients were
judged as suffering from an amnesic syndrome, e.g., severe
and relatively isolated defects of memory. This assessment
was done without knowledge of the neurosurgical tech-
nique. The criteria for the diagnosis of amnesia were based
on objective tests and included: (1) a normal or only
slightly narrowed memory span; (2) defective verbal and/or
visual learning capacity and memory; and (3) absolutely or
relatively intact general level of intellectual function.
Faulty orientation was considered typical but not manda-
tory for the diagnosis. The incidence of postoperative am-
nesia differed among the departments, ranging from 1 case
of 12 from one department to 5 of 10 from another.

The surgical technique consisted of either ligation of the
aneurysmal neck or trapping of the aneurysm (Fig. 1).
Trapping was used in 11 cases and resulted in 9 cases of
amnesic syndrome, whereas among the remaining 37
patients operated upon with ligation of the aneurysmal
neck and similar procedures, only 6 cases of amnesia were
encountered.

The 15 amnesic patients were extensively reexamined
two years following operation. On formal testing, no im-
provement was seen, although some of the patients ap-
peared better oriented and some obviously had better mem-
ory of personal affairs. Only 2 of 3 patients who were
considered only mildly amnesic (memory impairment not
incompatible with working capacity) had been able to return
to gainful employment; 6 were moderately amnesic (very
little learning in formal testing, variable orientation); and 6
were severely affected (unable to retain sufficient informa-
tion for orientation in time and place).

Signs of more generalized intellectual impairment, in-
cluding some reduction in abstract reasoning, were present
in most patients, but usually to a mild degree. Among other
deficits, lack of drive and initiative were common. Two
patients showed signs of hypothalamic involvement. In 2
other patients a slight hemiparesis was present, whereas in
the remaining 13 the neurological examination was essen-
tially normal.

Discussion

The introduction of the operating microscope and mi-
crosurgical techniques to the treatment of intracranial
aneurysms has reduced the associated mortality and mor-
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Fig. 1. Anterior part of the circle of Willis. Both drawings show the
internal carotid arteries (ICA), the anterior cerebral arteries (ACA),
and an aneurysm located on the anterior communicating artery
(ACoA). In the upper picture a ligature of the aneurysmal neck has
been performed, sparing perforating branches from the anterior com-
municating artery. The lower picture shows trapping of the aneurysm
and of the perforating branches from the anterior communicating artery.
Nine of 11 patients operated upon by trapping developed the amnesic
syndrome.

bidity [25]. However, permanent cerebral damage due to
bleeding, arterial spasm, or the surgical intervention, is
common, and ruptured aneurysms remain a major challenge
to neurosurgeons [18].

Roughly 30% of ruptured intracranial aneurysms origi-
nate from the anterior communicating artery [10, 18]. In a
recent clinical analysis of a large series of patients,
psychological symptoms were recorded as the most fre-
quently observed postoperative complication. Such symp-
toms occurred almost three times more frequently with
these aneurysms than with aneurysms of the internal
carotid or middle cerebral arteries. Disorientation and am-
nesia accounted for the majority of the psychological
symptoms [20]. .

An amnesic syndrome may occasionally follow a spon-
taneous subarachnoid hemorrhage, with a recorded inci-
dence of 2 to 3% [15, 23]. The association between an
amnesic syndrome and surgical treatment of anterior
communicating artery aneurysms was first noted by Swedish
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neurosurgeons [14]. Lindqvist and Norlén [9] found in a
later analysis of a consecutive series of 33 patients with such
aneurysms that 17 were amnesic after the operation, in 5
cases with a chronically severe course. A similarly high in-
cidence of postoperative amnesia was reported by Okawa
and co-workers [16].

No comprehensive study of the nature or cause of this
condition has been carried out. Talland and associates [21]
followed 2 cases, with experimental studies of memory
functions carried out for two to three years, and noted the
similarity of the condition with the Wernicke-Korsakoff
syndrome. These authors suspected that the damage in the
2 patients extended to the circuit of Papez, and argued that
the lesions might result from bilateral ischemia involving
tissue in the posterior inferior medial frontal areas. Luria
[11] also reported 2 cases of severe amnesia after operations
on anterior communicating artery aneurysms. The results
from experimental neuropsychological studies of these
patients indicated that the amnesia was global in nature.
Although unclear concerning possible causes, Luria seemed
to favor an explanation in terms of either arterial spasm or,
in patients with permanently severe amnesia, hemorrhage
spreading to the region of the floor of the third ventricle.

Other authors have implicated damage to frontal and
cingulate cortical structures, either due to resection of the
gyrus recti [13] or, more commonly, due to a circulatory
deficiency in the territory supplied by the two anterior
cerebral arteries [1, 2, 7]. However, in view of the known
neuropathology of amnesia with other etiologies [12, 22]
involving mesial temporal and periventricular structures, it
is difficult to accept the suggestion that lesions of the pre-
frontal and cingulate cortices are responsible for amnesia
after operations on aneurysms of the anterior communicat-
ing artery.

Older anatomical studies seem to indicate that the an-
terior communicating artery has no or only a single variable
branch [3, 6]. Yasargil and colleagues [25], however, using
the operating microscope, found several branches, and this
has been confirmed by anatomical studies [4, 5, 17, 24].
The majority of these branches originate from the dorsal
surface of the anterior communicating artery, and thus are
difficult to see during surgery, even when a microscope is
used. Most of them enter the brain in the anterior perfo-
rated substance and in the suprachiasmatic area. The
branches are shown in Figure 1 and further illustrations may
be found in works from Rhoton’s laboratory [19, 24]. Be-
tween 3 and 13 branches were found in each of 10 autopsy
cases. Most branches were small, 50 to 250 w, but at least 1
larger branch of 250 to 1,000 u was present in every case
[4]. It is important to note that the areas of supply seem to
be structures along the anterior wall of the third ventricle
(as shown in Figure 2), probably including the lamina ter-
minalis, the anterior hypothalamus, the optic chiasm, the
mesial part of the anterior commissure, the septal area, col-
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Fig. 2. Coronal sections of the brain at the level of the anterior com-
missure (above) and septal nuclei (below). The areas of supply from
perforating branches of the anterior communicating artery, as deter-
mined by infusion of contrast agent [22], are indicated by crosshatching
and are identified by numbers: (1) lamina terminalis; (2) mesial an-
terior commissure; (3) optic chiasm; (4) columns of the fornix; (5)
septum; (6) corpus callosum; (7) cingulum; (8) subcdllosal area; and
(9) anterior hypothalamus. The supply is limited to midline structures.

umns of the fornix, the subcallosal areas, and possibly even
parts of the corpus callosum and the cingulum [4, 5].

On the basis of this new anatomical evidence, I suspect
that disruption of the blood supply through the perforating
branches of the anterior communicating artery may cause
the amnesic syndrome. Such disruption invariably occurs
with the trapping procedure. Regrettably, previous pub-
lished accounts of amnesia after operations on aneurysms
of the anterior communicating artery contain no infor-
mation on the surgical procedures [9, 16]. Yasargil, how-
ever, reported 8 cases (of a series of 203 such aneurysms) of
permanent psychoorganic brain syndrome, with confusion,
disorientation, dementia, and lethargy, 4 of which had
been treated by trapping [25]. In the series reported by
Lindqvist and Norlén [9], 14 patients had been treated by

trapping, resulting in 12 cases of amnesia, which was severe
and permanent in 5 patients [8].

It is conceivable that the observed association between
trapping and amnesia might be spurious. In the present se-
ries, arterial spasm appeared to be slightly more common in
the 15 amnesic patients than in the 33 nonamnesic, yet
the association was not close. Basal medial frontal areas
showing low absorption on CT scans are equally common
in amnesic and nonamnesic patients. These and other
clinical and neuroradiological parameters of potential
significance will be reported in later publications. So far, I
have not been able to see or conceive of any other possible
cause of amnesia in these patients than lack of blood supply
through the branches of the anterior communicating artery.
Obviously, it is of great theoretical interest to determine
the nature of the lesion causing amnesia in these patients.
Perforating atteries from other parts of the circle of Willis to
the optic chiasm and anterior hypothalamus are numerous
[5, 6], but little is known about possible alternative supply
to other structures supplied by branches of the anterior
communicating artery. The determination of which areas
are critical in the development of amnesia after operations
on aneurysms of the anterior communicating artery may re-
quire neuropathological studies.

The evidence for an association between damage to the
perforating branches from the anterior communicating ar-
tery and disabling amnesia appears sufficiently strong to
indicate that the procedure of trapping such aneurysms
should be avoided when possible, and care must be taken
when dissecting around the aneurysm to spare these im-
portant branches.

This paper was presented in part at the Fourth European Meeting of the
International Neuropsychological Society, Bergen, Norway, June 28 to
July 1, 1981.

I thank the surgeons and psychologists of the Danish neurosurgical de-
partments for permission and support to study their patients.

References

1. Barbizet J: Human Memory and its Pathology. San Francisco:
Freeman & Co, 1970, pp 50-52

2. Brion S, Derome P, Guiot G, Teitgen M: Syndrome de Korsakoff par
anéurysme de l'artére communicante antérieure: le probleme des syn-
dromes Korsakoff par hémorragie méningée. Rev Neurol (Paris)
118:293-299, 1968

3. Critchley M: The anterior cerebral artery, and its syndromes. Brain
53:120-165, 1930

4. Crowell RM, Morawetz RB: The anterior communicating artery has
significant branches. Stroke 8:272-273, 1977

5. Dunker RO, Harris B: Surgical anatomy of the proximal anterior
cerebral artery. J Neurosurg 44:359-367, 1976

6. Gillilan LA: The arterial and venous blood supplies to the forebrain
(including the internal capsule) of primates. Neurology 18:653-670,
1968

7. Lhermitte F, Signoret JL: The amnesic syndrome and the
hippocampal-mamillary system, in Rosenzweig MR, Bennett EL



10.

11.

12.

13.
14.
15.

16.

(eds): Neural Mechanisms of Learning and Memory. Cambridge, MA:
MIT Press, 1976, pp 49-56

. Lindqvist G: Personal communication, 1981.
. Lindqvist G, Norlén G: Korsakoff’s syndrome after operation on rup-

tured aneurysm of the anterior communicating artery. Acta Psychiatr
Scand 42:24-34, 1966

Locksley HB: Report on the Cooperative Study of Intracranial
Aneurysms and Subarachnoid Hemorrhage. Section V, Part 2: Natural
history of subarachnoid hemorrhage, intracranial aneurysms and ar-
teriovenous malformations based on 6368 cases in the Cooperative
Study. ] Neurosurg 25:321-368, 1966

Luria AR: The Neuropsychology of Memory. Washington, DC: VH
Winston & Sons, 1976, pp 255-297

Mair WGP, Warrington EK, Weiskrantz L: Memory disorder in
Korsakoff's psychosis. A neuropathological and neuropsychological
investigation of two cases. Brain 102:749-783, 1979

Norlén G, Lindqvist G: The anatomy of memory. Lancet 1:335,
1964

Norlén G, Olivecrona H: The treatment of aneurysms of the circle of
Willis. ] Neurosurg 10:404—415, 1953

Nysttém SHM: Psychodynamics in Subarachnoid Hemorrhage: a
study based on 1183 patients. Helsinki: TA Sahalan Kirjapaino OY,
1973, pp 39-47

Okawa K, Maeda S, Nukui H, Kawafuchi J: Psychiatric symptoms in
ruptured anterior communicating aneurysms: social prognosis. Acta
Psychiatr Scand 61:306-312, 1980

17.

18.

19.

20.

21.

22.

24.
25.

49

Gade: Amnesia and Aneurysms

Perlmutter D, Rhoton AL Jr: Microsurgical anatomy of the anterior
cerebral-anterior communicating-recurrent artery complex. J
Neurosurg 45:259-272, 1976

Rasmussen P, Busch H, Haase J, Hansen ], Harmsen A, Knudsen A,
Marcussen E, Midholm S, Olsen RB, Rosengrn J, Schmidt K, Voldby
B: Intracranial saccular aneurysms. Results of treatment in 851 pa-
tients. Acta Neurochir (Wien) 53:1-17, 1980

Rhoton AL Jr, Jackson FE, Gleave ], Rumbaugh CT: Congenital and
Traumatic Intracranial Aneurysms (a Ciba Foundation Symposium).
Edinburgh, London: Churchill/Livingstone, 1978

Takaku A, Tanaka S, Teruaki M, Suzuki J: Postoperative complica-
tions in 1,000 cases of intracranial aneurysms. Surg Neurol 12:137—
144, 1979

Talland GA, Sweet WH, Ballantine HT: Amnesic syndrome with
anterior communicating artery aneurysms. ] Nerv Ment Dis
145:179-192, 1967

Victor M, Adams R, Collins GH: The Wernicke-Korsakoff Syn-
drome. Oxford: Blackwell, 1971, pp 71-136

. Walton JN: The Korsakov syndrome in spontaneous subarachnoid

haemorrhage. ] Ment Sci 99:521-530, 1953

Yamamoto I, Rhoton AL Jr, Peace DA: Microsurgery of the third
ventricle. Neurosurgery 8:334-356, 1981

Yagargil MG, Fox JL, Ray MW: The operative approach to aneurysms
of the anterior communicating artery, in Krayenbiithl H (ed): Ad-
vances and Technical Standards in Neurosurgery. Vienna, New York:
Springer-Verlag, 1975, Vol 2, pp 115-128



