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Dear Sir,

Fornix is a principal tract of the Papez
circuit, interconnecting the hippocampus
with the anterior thalamic nuclei directly
or via the mammillary body. A fornix le-
sion disconnects the memory circuit that
runs from the temporal to the frontal lobe,
causing severe anterograde amnesia [1-3].
Memory impairment in those patients was
characterized by anterograde amnesia,
recognition better than recall and pre-
served procedural memory.

To our knowledge, of 4 reported cases
with a localized fornix lesion [1-4], only 1
patient was described having memory def-
icits for a retrograde event [4]. However,
the patient retained the ability to recall
past events, while only confusing their
temporal order.

We evaluated a patient who suddenly
developed a profound retrograde amnesia
and anterograde memory impairment as-
sociated with an isolated fornix lesion.

Case Report

A 65-year-old right-handed man with
6 years of education developed abrupt
memory loss and personality changes,
such as apathy and indifference, 2 weeks
before visiting our memory disorder clin-
ic. He had worked as a miller for 25 years
and had no history of cognitive impair-
ment. Two weeks prior to his visit, he sud-
denly began to ask the same questions re-

petitively, often forgetting orders from
customers, and would have his employees
to roast sesame too much without consid-
ering the size of the order. The family
thought he seemed strange because he
showed no anger when one of his employ-
ees, who had worked for him for more than
10 years, moved to a neighboring mill
without telling him. His medical history
was remarkable for a small infarction of
the posterior limb of the right internal
capsule with consequent mild left lower
extremity weakness 17 years previously as
well as for medication-controlled diabetes
mellitus arising 3 years earlier.

On examination, the patient appeared
alert and cooperative but unaware of his
memory deficits. He correctly answered
questions on personal information, such
as his social security number, telephone
number, and home address. However, he
could not remember recent events, such as
how he had visited the clinic and what he
had eaten for lunch 1 h before. On Mini-
Mental Status examination, he could not
recall 3 words that he had registered only
a few minutes before, scoring 20/30 due to
additional problems with orientation in
time and place and the last step of the Se-
rial Seven Test.

The severity and content of cognitive
decline were investigated by detailed neu-
ropsychological tests using a standardized
battery called the Seoul Neuropsycholo-
gical Screening Battery [5]. The patient’s

scores are given in table 1. He was able to
repeat 6 digits forward but only 2 digits
backward. His performances on spoken
and written language were normal as were
those on 10 items of praxis and on tasks
for the Gerstmann syndrome. However,
the patient was impaired at confrontation
naming as assessed by the Korean version
of the Boston Naming Test. Copying abil-
ity tested with the Rey-Osterrieth Com-
plex Figure was intact, but immediate re-
calland delayed recall were impaired. Ver-
bal memory, as assessed by the Seoul
Verbal Learning Test, was also impaired,
showing defective new learning and de-
layed recall. We could not perform the
recognition section of the Seoul Verbal
Learning Test because he did not even re-
member he had done its learning section.
On the free recall concerning the presi-
dents of Korea, he responded to only 2 of 9
(he could not recall the name of the cur-
rent president). Frontal/executive func-
tions, including controlled oral word as-
sociation and Stroop Color-Word Interfer-
ence Test, were severely impaired.

We suspected that the patient’s remote
memory was compromised, since he could
not recall the previous and current presi-
dents. Questions about significant events
in his personal history were formulated to
evaluate the retrograde amnesia in further
detail. Whereas he remembered experi-
ences from his twenties to forties, such as
the year of his marriage and places of resi-
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Table 1. Neuropsychological test results

Neuropsychological tests

Patient’s scores

Attention

Digit span
Forward
Backward

Letter cancellation

6 (66th percentile)
2 (4th percentile)
normal

Language and related function

Fluency normal
Comprehension normal
Repetition normal
Korean version of Boston Naming Test (60) 36 (15th percentile)
Reading/writing normal
Praxis normal
Finger naming normal
Right-left orientation normal
Calculation normal
Body part identification normal
Visuospatial function

Interlocking pentagon normal

Copy of Rey-Osterrieth Complex
Figure (36)

31 (36th percentile)

Memory

Seoul Verbal Learning Test
1st, 2nd, 3rd free recall (12, 12, 12)
20-min delayed recall (12)
Recognition

Rey-Osterrieth Complex Figure
Immediate recall (36)
20-min delayed recall (36)
Recognition

2, 3, 4 (3rd percentile)
0 (<1st percentile)
not done

0 (<1st percentile)
0 (<1st percentile)
not done

Frontal executive function
Alternating square and triangle
Luria loop
Controlled Oral Word Association Test
Animal
Supermarket
Letter (" 717, 07, A7)
Stroop Interference Test
Correct word reading (112)
Correct color reading (112)

normal
normal

7 (<1st percentile)
2 (<1st percentile)
0, 1, 1 (<1st percentile)

111 (>16th percentile)
26 (<1st percentile)

Figures in parentheses represent maximum scores.

dence and his occupations during that pe-
riod, he incorrectly answered questions
about personal experiences over the past
10 years, such as whether his son had fin-
ished his 18 months of service in the army
and graduated from university. Although
his son had already finished army duty 10
years before and graduated from univer-
sity more than 5 years previously, the pa-

tient confabulated that his son was serving
in the army and was presently going to
university. In fact, his son had got married
30 months before and the granddaughter
had been born 20 months previously. How-
ever, he said that his son had got married
10 months before and the granddaughter
had been born 20 months earlier.
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In order to investigate the semantic as-
pect of remote events, we administered the
previously published Korean Public Event
Recall Test that consists of 10 famous pub-
lic events per decade from 1966 to 1997 in
Korea [6]. When asked to answer questions
with a single word or a short phrase, the
patient showed correct responses only
once in 30 questions. Subsequently, when
forced to choose 1 of 4 choices, he replied
correctly to 11 of 30 questions (3 in 1966—
1975, 4 in 1976-1985, 4 in 1986-1997).
Fourteen age- and education-matched
controls with no history of neurological
and psychiatric illness were also tested.
The average performance scores were 13.7
+ 3.7 in free recall and 21.2 * 3.1 (7.5 *
1.2in 1966-1975, 6.9 = 1.4 in 1976-1985,
6.9 £ 1.6 in 1986-1997) in the multiple-
choice paradigm.

A gadolinium-enhanced MRI taken 15
days after symptom onset revealed a mass
involving the hippocampal commissure,
the body, and the anterior column of the
bilateral fornices (fig. 1) [7]. An endoscopic
biopsy performed 22 days after the onset
proved the mass to be a diffuse, large B cell
lymphoma. Chemotherapy and radiother-
apy were performed based on the result of
the biopsy. A detailed neuropsychological
test was not assessed again, but his son re-
ported that the characteristics of the amne-
sia were unchanged 3 months after onset.

Discussion

Our patient differed from previously
reported cases with localized fornix le-
sions [1-3], showing severe retrograde am-
nesia. As stated in the introduction, there
has been 1 case report where the patient
showed difficulty tagging the order of past
events chronologically, while retaining the
ability to recall the contents of past events
[4]. Unlike these patients, ours failed to re-
call personal events of at least the past 10
years with a temporal gradient. This retro-
grade amnesia was not limited to the epi-
sodic component of events but also ex-
tended to the semantic aspect of events.
That is, our patient had decreased knowl-
edge of public events that had happened in
the past 30 years and also decreased se-
mantic knowledge of words as demon-
strated in impaired naming on the Boston
Naming Test.

The underlying mechanisms of retro-
grade amnesia associated with fornix le-
sion remain to be elucidated. In the previ-

Yoon/Na/Park

%202 Iudy z1 uo 3sanb Aq Jpd-yEESY1L000/L568 | L2/SS L/E/09/4Ppd-ajo1e/aus/Wwod 1ab.e//:d)y woly papeojumoq



GP

]
A
@4\
Fornix

11l Vent

\S

<5

=005

(column)

Fig. 1. Gadolinium-enhanced MRI axial (a), sagittal (b) and coro-
nal (c) images of the patient show that lymphoma invades the for-
nix selectively and completely along the long axis and the septum
pallucidum only partly. The top of the coronal sections is at the
anterior commissure and the lower is 6 mm caudal from the an-

terior commissure. The minor parts of the subcortical septal nu-  cle.
clei were involved, in addition to the fornix and the septum.

ous report on temporal order retrograde
memory deficit [4], the authors suggested
that it was probably due to the disconnec-
tion between the frontal lobe and the hip-
pocampus by disruption of the fornix. The
fornix has dense connections with the me-
dial region of the frontal lobe including the
septal area and diagonal bands as well as
anterior thalamus and mammillary body.
Thus, the mechanism of retrograde amne-
sia associated with the fornix lesion might
be attributable to the failure of the frontal
lobe to retrieve the past memory stored in
medial temporal areas because of the dis-
connection of the frontal lobe from the
hippocampus [8]. Our observation that the
patient was better at the recognition part
than the free recall part of past public

Retrograde Amnesia Associated with
Fornix Lymphoma

events may partly support this hypothesis.
Alternatively, we cannot completely ex-
clude the possibility that the lymphoma in
our patient invaded structures adjacent to
the fornix. Retrograde amnesia has been
reported in patients with a lesion in the
subcortical septal nuclei in the basal fore-
brain, such as the diagonal band of Broca
and the nucleus accumbens [9, 10]. How-
ever, we considered that these structures
were not involved after mapping of the
gadolinium-enhanced MRI of the lesion
by superimposing on 2 schematic coronal
sections from the neuroanatomical atlas
[11].

One of the characteristics of our pa-
tient was frontal behavior such as apathy
and indifference. Personality changes with

d Anatomical scheme of the lesion, corresponding to the MRI
coronal images, showing that the diagonal band is not invaded.
Dashed line indicates the lesion. AC = Anterior commissure;
CN = caudate nucleus; DB = diagonal band of Broca; GP = globus
pallidus; IC = internal capsule; OT = optic tract; Vent. = ventri-

a fornix lesion have been reported in only
1 case study in which the patient showed
impulsiveness, aggressiveness, binge eat-
ing and hypersomnia [3]. The patient,
however, had injuries not only to the for-
nix but also to the hypothalamus. It has
been reported that lesions in frontal-basal
areas of the brain, such as the septal nucle-
us, the accumbens nucleus, the innomi-
nated substance, and the anterior and me-
dial thalamus, are associated with person-
ality changes [12, 13]. It is also well known
that branches of the fornix send informa-
tion to the septal area and the anterior and
medial thalamus. Thus, we posit that apa-
thy and indifference in our patient might
be partly related to the disruption of the
circuit connecting these structures.
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The extent of the fornix lesion in our
patient was different from that of previous
studies. The fornix consists of the crus, the
commissure, the body, and the anterior
columns [7]. Lesions of previous fornix
cases were mainly confined to the anterior
part of the fornix (anterior column or the
body of the fornix) [1-4], whereas the le-
sion in our patient was more extensive,
involving not only the anterior part as in
previous cases (anterior column and the
body) but the posterior part of the fornix
(the commissure). It has been known that,
as the fornix proceeds from the body to the
anterior column, it sends out several branch
fibers, terminating in different target sites
such as the septal area, the anterior and lat-
eral dorsal thalamic nuclei, the mammil-
lary body, and the medial nucleus of the
thalamus [7]. Thus, it may be almost im-
possible to completely disconnect the Pa-
pez circuit with a lesion at the level of the
anterior columns. The injury to both ante-
rior and posterior parts of the fornix in our
patient may explain why he had severer
amnesia involving both anterograde and
retrograde events than previous cases.
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