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Summary
A series of twelve cases, all of whom had received surgery of recognition and concurrent discriminations that closely

matched tests given to non-human primates. Clearfor the removal of a colloid cyst in the third ventricle,
was examined on a series of memory tests. The only parallels were found between the apparent effects of

fornix damage in these clinical cases and those observedconsistent predictor of poor memory performance that
could be detected from MRIs was the presence of bilateral following more selective surgery in non-human primates.

These findings not only indicate that fornix damage isinterruption of the fornix, which occurred in three of the
subjects. Although these three cases were poor on tests sufficient to induce anterograde amnesia but also support

the validity of recent animal tests that are thought toof learning and recall, there was evidence that recognition
was less impaired. The subjects were also tested on a set capture aspects of episodic memory.
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Abbreviations: CONC � recognition/concurrent discrimination of objects in scene; MATCH � delayed matching to sample;
NART � National Adult Reading Test; RMT � Recognition Memory Test; SPGR � spoiled grass; WAIS-R � Wechsler
Adult Intelligence Test (Scale)—Revised; WMS-R � Wechsler Memory Test (Scale)—Revised

Introduction
It has long been known that pathology in the region of the association with episodic memory. This tract is the principal

efferent pathway between the hippocampus and thethird ventricle can result in anterograde amnesia. One cause
of periventricular damage leading to amnesia is the presence diencephalon, linking sites associated with temporal lobe and

diencephalic amnesia. As a consequence, it has been proposedof a colloid cyst within the ventricle. Although rare, the
consequences of such cysts may prove especially informative that this tract provides a key link in a unified system

underlying episodic memory and that damage to this tract isas some patients appear to make a full recovery following
surgical removal of the cyst while others display a persistent sufficient to induce amnesia (Delay and Brion, 1969; Aggleton

and Saunders, 1997). Other researchers have stressed theloss of memory. The differences between these two groups
should offer valuable insights into the pathology responsible separate importance of the temporal lobe and diencephalon,

and have not regarded the fornical pathway as being criticallyfor anterograde amnesia.
The present study examined a series of twelve cases, all involved in anterograde amnesia (Squire and Zola-Morgan,

1991; Squire and Knowlton, 1995). Associated with theseof whom had received surgery for the removal of a colloid
cyst. Of especial interest was the status of the fornix and its latter views are a number of studies that have failed to find
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an evident link between fornix damage and amnesia in position in a unique background or ‘scene’ (Gaffan, 1994a).
Likewise, the recognition of complex scenes is disruptedhumans (Cairns and Mosberg, 1951; Woolsey and Nelson,

1975; Garcia-Bengochea and Friedman, 1987). (Gaffan, 1994b). It has been argued that the performance of
such tasks taxes attributes of episodic memory, as the animalIn spite of these exceptions, a growing number of reports

appear to link fornix damage with loss of episodic memory is aided by the memory of not just the stimulus but also by
its placement in its individual background or scene (Gaffan,(Sweet et al., 1959; Heilman and Sypert 1977; Geffen et al.,

1980; Cameron and Archibald, 1981; Tucker et al., 1988; 1994a). For this reason it might be predicted that humans with
fornix damage will display similar, selective impairments.Gaffan et al., 1991; Hodges and Carpenter 1991; Botez-

Marquard and Botez, 1992; Calabrese et al., 1995; D’Esposito
et al., 1995). Unfortunately, it has consistently proved difficult
to separate the effects of ventricular enlargement, direct Methods

The study involved 12 subjects who had received surgerydiencephalic damage or damage of other tracts from those
of fornix pathology. Of especial interest, therefore, was a for colloid cysts in the third ventricle. All patients received

MRI scans following surgery. Particular attention was givendescription of the outcome of surgical removal of third
ventricular cysts in six patients (McMackin et al., 1995). The to the appearance of the medial diencephalon, the fornix,

the third ventricle and the lateral ventricles. Some detailsstatus of the fornix appeared to predict the presence of verbal
and non-verbal memory losses, while ventricular enlargement concerning one of the subjects (case 7) have been published

(McMackin et al., 1995; case 5), but none of the other casesdid not (McMackin et al., 1995). This study could not,
however, provide unequivocal answers as only the case who has been reported. Of the twelve subjects, two (cases 11 and

12) were unavailable for some of the tasks, but they aremade no complaint of memory loss and was able to resume
a normal life had a transfrontal rather than a transcallosal included as they show the generality of some of the key

results. The present study was approved by the ethicssurgical approach. Furthermore, the study lacked a
comparison group of people who had received the same committees covering the various institutions, and all subjects

gave informed, written consent. For two tests, data from eightsurgery but in whom the fornix appeared intact.
The present study sought to extend that initial study in normal control subjects (four men/women) were included.

three ways. First, a larger set of subjects was used in order
to explore the possible link between fornix damage and
memory loss. This made it feasible to examine cases with Brain scan images

For cases 1–7, the MRI scans were compiled at the Beaumontdifferent surgical approaches and to compare cases with and
without fornix damage. To test the generality of the finding Hospital, Dublin. These scans included T2-weighted coronal

SPGR (spoiled grass) volumes with 1.5 mm contiguousby McMackin and colleagues (McMackin et al., 1995), we
sought new cases, and so only one of the present cases has slices. The MRI scans for cases 8–10 were compiled at the

College of Medicine, University of Wales, Cardiff. The scansbeen described previously. Secondly, the relationship between
recall and recognition deficits was examined. This is were T2-weighted high-resolution coronal FSE (fast spin

echo), SPGR T1-weighted volumes reformatted in the coronaltheoretically an important issue as, according to some models,
recognition is an integral part of declarative memory (Haist plane, and axial T2 and spin density images. For cases 11

and 12 (Radcliffe Infirmary, Oxford) the scans comprisedet al., 1992; Knowlton and Squire, 1995), as people can
evaluate their memory subjectively and either retrieve items sagittal T1, axial T2, coronal proton density and T2, coronal

SPGR. The scans of all 12 subjects were then assessed by a(recall) or make judgements as to their previous occurrence
(recognition). This view links the two processes tightly and single radiologist (S.H.), who was unaware of the findings

from the psychological tests. A numerical estimate of theso predicts that anterograde amnesia will impair both recall
and recognition, and that the deficits will be closely related. extent of persistent ventricular dilation close to the site of

the cyst was derived by dividing the maximum width of theThe finding that sectioning the fornix in animals may have
little or no apparent effect on object recognition (Gaffan cerebrum at the level of the foramen of Munro by the

maximum width of the lateral ventricles at the same level.et al., 1984; Bachevalier et al., 1985a, b; Zola-Morgan et al.,
1989; Shaw and Aggleton, 1993) has therefore been used as The lower this index, the greater the dilation.
evidence that fornix damage does not result in amnesia.

The third goal was to assess the outcome of tests known
to be sensitive to selective fornix transection in non-human Subjects

Subjects 1–7 were from Ireland and all had had surgery toprimates. It has been found that fornix lesions in monkeys
can spare performance on concurrent discriminations of remove a colloid cyst of the third ventricle at the Beaumont

Hospital, Dublin. Subjects 8–10 were from South Wales andobjects (Moss et al., 1981) and forced-choice recognition of
single, discrete stimuli (Gaffan et al., 1984; Bachevalier their colloid cysts were removed at the College of Medicine,

University of Wales, Cardiff. Subject 11 was from Oxfordet al., 1985a, b; Zola-Morgan et al., 1989). The same lesions
can, however, impair concurrent discriminations when each and subject 12 from Southampton.

Case 1 was a secretary who started to suffer from severepair of items to be discriminated is placed in a consistent
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headaches and dizziness about 8 months prior to her surgery. (Fig. 1). Apart from frontal damage resulting from the
surgical approach, no other pathology could be discerned.A colloid cyst was identified and removed via a transcallosal

approach in August 1993, when she was 41 years of age. Testing occurred 10 months after the colloid cyst surgery.
Case 5 was a 27-year-old farmer who suffered from severePostoperative recovery was uneventful; she was discharged

6 days after surgery and resumed her work. An MRI 3 years headaches and nausea. Following admittance to hospital in
Dublin he received a ventriculoperitoneal shunt. Six daysafter surgery, at the time of testing, confirmed the surgical

approach and revealed that the middle one-third of the corpus later he had surgery (July 1992) for the removal of a third
ventricular colloid cyst, the approach being through the rightcallosum (~20 mm) was now absent (Fig. 1). While the

fornix appeared intact, there was evidence of a limited zone frontal cortex. Five months later he had an epileptic seizure,
but had not suffered a seizure during the months precedingof pathology confined to the region of the left medial pulvinar.

The rest of the thalamus and the mammillary bodies appeared the current study. Fifteen months after his original surgery
the ventriculoperitoneal shunt was replaced. Following thenormal. There was evidence of mild ventricular enlargement

in the left hemisphere that was confined to the frontal horn surgery for a cyst, he returned to work as a labourer. An
MRI scan 4 years after surgery, at the time of testing, revealedand body of the left lateral ventricle (Table 1).

Case 2 was a self-employed driver. At the age of 38 years complete bilateral interruption of the fornix at the anterior
aspect of the tract (Fig. 1). There was also moderate, bilateralhe was admitted to hospital with symptoms of headaches

and fainting. A week later a cyst was removed from the third dilation of the lateral ventricles and the third ventricle. This
dilation extended to the right temporal horn, and bothventricle via a right frontal approach (January 1995). His

recovery was uneventful and he has resumed work as a hippocampi appeared slightly smaller than normal The
thalamus, cingulate cortices and corpus callosum appeareddriver. The MRI scans for this study were taken 32 months

after surgery and revealed evidence of gliotic changes in the intact, although there was significant damage in the right
frontal cortex at the site of the surgical tract. The mammillaryanterior aspect of the frontal horn of the right lateral ventricle,

as a result of the surgical approach. The fornix was intact, bodies appeared shrunken.
Case 6 was a marketing executive. Following a combinationbut the ventricles appeared slightly larger than normal for

his age (Fig. 1). All other regions, including the mammillary of severe headaches and right facial numbness at the age of
24 years, she was admitted to hospital and 3 days later abodies, appeared normal. Testing occurred 18 months after

surgery. cyst was removed via a transcallosal approach (December
1995). Recovery was uneventful and she was able to returnCase 3 was a driver who, when aged 46 years, suffered

from bouts of dizziness, headaches and nausea. CT scans to her previous work. An MRI scan 10 months after surgery,
at the time of testing, revealed the loss of the middle thirdrevealed the presence of a cyst in the third ventricle which

was removed via a right frontal approach (April 1994). He (20 mm) of the corpus callosum, with restricted damage to
the right cingulum. The left lateral ventricle was of normalmade an uneventful recovery and was later able to resume

his job as a driver. An MRI scan 28 months after surgery, at size but the right lateral ventricle showed mild dilation
associated with the surgery. The thalamus and mammillarythe time of testing, revealed evidence of gliotic changes in

the right frontal lobe corresponding to the region of approach, bodies appeared normal (Fig. 1). Although the fornix was
intact, there were signs of thinning of the right fornix. Inbut the fornix, thalamus and mammillary bodies all appeared

normal (Fig. 1). There was, however, modest ventricular addition, the right hippocampus appeared slightly smaller
than the left.enlargement in the right lateral ventricle associated with the

region of surgical approach. The left lateral ventricle and third Case 7 was a qualified fitter who was operated upon in
Dublin in September 1988. He had complained of headachesventricles appeared normal, although the left hippocampus

appeared slightly smaller than the right hippocampus. and diplopia in 1984, but a scan at that date showed no
colloid cyst. A diagnosis of aqueductal stenosis was confirmedCase 4 was a banker who suffered symptoms of acute

hydrocephalus at the age of 50. He was admitted to hospital and a ventriculoperitoneal shunt was installed, which was
later removed. In 1988, at the age of 30 years, he againand a right ventriculoperitoneal shunt was inserted. He

recovered successfully, but 6 months later symptoms of complained of headaches, and a scan now revealed the colloid
cyst. The cyst was removed via a transcallosal approach theheadaches and unsteadiness recurred. An MRI scan indicated

a colloid cyst in the third ventricle; this was then removed following week. Postoperatively he complained of memory
impairments. An MRI scan 4 years after surgery showed thatin September 1995 via a right frontal approach. He made a

good physical recovery but significant and persistent memory the middle third of the corpus callosum was now absent and
that there was restricted damage to the adjacent cingulumproblems were noted from that period. A series of MRI scans

3 weeks and then 4 months after surgery revealed moderate (Fig. 2). It also showed that the fornix was completely
interrupted. The lateral ventricles and the third ventriclebilateral ventricular enlargement but no signs of damage or

shrinkage in the thalamus, apart from a small indentation in appeared normal, as did the thalamus (Fig. 2). Both the
mammillary bodies and the hippocampus appeared slightlythe left anterior thalamus at the site of the cyst. Both the

hippocampus and the mammillary bodies appeared normal. shrunken. Testing occurred 8 years after his surgery.
Case 8 was a retired fireman. He complained initially ofThe left and right fornices were, however, both absent
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Fig. 1 MRI scans from cases 1–6 showing the status of the fornix. The MRI scan for case 1 shows a sagittal view; all other views are
coronal. The fornix is present in cases 1, 2, 3 and 6, but is absent bilaterally in cases 4 and 5.

dizziness and headaches prior to surgery (February 1991) for after surgery, he still complains of forgetfulness. An MRI 7
years after surgery, at the time of testing, confirmed the leftthe removal of a colloid cyst (aged 56 years). His symptoms

included some memory difficulties. Although these improved transfrontal approach and the associated loss of a restricted



804 J. P. Aggleton et al.

Table 1 Pathology associated with colloid cysts of the third ventricle as revealed by MRI

Case Left Right Ventricular Thalamus Right Left Other
fornix fornix enlargement hippocampus hippocampus

1 Normal Normal Normal R L medial Normal Normal Mid 1/2 corpus
mild L pulvinar callosum absent

2 Normal Normal Moderate L and R Normal Normal Normal R frontal approach
3 Normal Normal Moderate R, Normal Normal Small relative R frontal approach

normal L to R Callosum thinning
6 Normal Shrinkage Focal on R, Normal R smaller Normal Transcallosal

normal on L than L
8 Thinning Thinning Moderate L and R Normal Small Small L frontal approach
9 Normal Normal Normal Normal Normal Normal R frontal approach

10 Normal Normal Severe L and R Normal Temporal horn Transcallosal
enlarged but
hippocampus seems
normal

11 Normal Normal Normal Normal Normal Normal Transcallosal
12 Normal but Moderate L, Normal Normal Normal R frontal approach

displaced normal R
4 Absent Absent Moderate L and R Normal Normal Normal R frontal approach
5 Absent Absent Moderate L and R Normal Small Small R frontal approach

MB shrunken
7 Absent Absent Normal Normal Small Small Transcallosal mid 1/3

MB shrunken

For purposes of comparison, the three cases with interruption of the fornix are included at the bottom of the table. MB � mammillary
bodies.

portion of the left cingulate cortex. The right and left lateral temporal horn also showed signs of bilateral enlargement,
although the hippocampi appeared normal. There was noventricles were slightly enlarged, as was the third ventricle

(Fig. 2). There was also evidence of cortical thinning. The evidence of cingulate involvement and, in spite of the severe
ventricular dilation, the fornix, thalamus and mammillaryfornix was intact, but there was evidence of bilateral thinning.

This thinning of the fornix appeared slightly greater on the bodies appeared intact.
Case 11 was a 32-year-old estate agent who was admittedleft. The thalamus and mammillary bodies appeared normal,

but the hippocampi appeared slightly smaller than normal. to the Radcliffe Infirmary, Oxford in November 1995 with a
3-day history of intermittent postural headaches relieved byCase 9 held an administrative post in a college of higher

education. At the age of 48 years she suffered from symptoms lying down. A CT scan showed marked acute hydrocephalus
secondary to a third ventricular colloid cyst, and he wasof headaches and nausea, and a colloid cyst was identified.

The cyst was removed via a right transfrontal approach in operated upon the same evening. The surgical approach was
transcallosal. Postoperatively he recovered well, and althoughJuly 1986. An MRI (1998) confirmed that the surgical

approach had resulted in loss of tissue in the right frontal he described having had a few memory lapses, by the time
of testing he was back at work full-time and reported nocortex, but no other abnormalities could be observed (Fig. 2).

The fornix was intact bilaterally. The ventricles, hippocampus, problems. An MRI brain scan 18 months after surgery, at
the time of testing, revealed that the fornix was still intactthalamus and mammillary bodies all appeared of normal size.

She made a good recovery and was able to return to work. and appeared undamaged (Fig. 3). The ventricles did not
appear enlarged, and the remainder of the diencephalon asCase 10 was a physiotherapist. At the age of 44 years she

suffered symptoms of headaches and dizziness, as well as well as the hippocampi appeared normal. There was a
restricted region of right cingulate gyrus damage associatedweakness in a her left leg. A third ventricular colloid cyst

was removed (July 1996) via a transcallosal approach that with the surgical approach.
Case 12 was a 27-year-old hairdresser who was admittedfirst entered the right lateral ventricle and then the third

ventricle. The septum pellucidum had been perforated as a to hospital with a 5-week history of severe headaches. She
had developed numbness over the left side of her face andresult of the cyst. Her recovery was uneventful and she has

resumed her work as a physiotherapist. An MRI 16 months had become unable to speak. She had a grand mal seizure
and was taken to the Accident and Emergency Department,after surgery, at the time of testing, confirmed the surgical

approach but also revealed severe, bilateral ventricular where she had a respiratory arrest and was intubated and
ventilated. A CT and MRI scan showed hydrocephalus andenlargement (Fig. 2). This was most evident in the lateral

ventricles, especially in the trigone area/occipital horn. The both suggested a third ventricular colloid cyst. Removal of
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Fig. 2 MRI scans from cases 7–10 showing the status of the fornix. For cases 7 and 10, both sagittal and coronal sections are provided.
In case 7 the fornix is absent yet the degree of ventricular enlargement is minimal. In case 10, the fornix is present yet there is severe
ventricular enlargement.

the cyst (April 1995) was by a transfrontal approach, during appeared intact. She resumed working as a hairdresser part-
time. An MRI brain scan 7 months after surgery, at the timewhich a small volume of the right middle frontal gyrus was

removed to provide access to the ventricle. Postoperatively of testing, revealed that, although the fornix was thin and
slightly displaced at the level of the septum, it was notthe patient had an unremarkable recovery and her memory
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Fig. 3 Coronal MRI scans from cases 11 and 12, in which the fornix was present bilaterally.

interrupted (Fig. 3) The hippocampus, thalamus and (vi) Delayed matching to sample (MATCH). This test of
recognition used monochrome fractal patterns as samples andmammillary bodies were all of normal size, while the left

lateral ventricles remained moderately enlarged. foils. These were displayed on a touch-sensitive 19 inch
Philips monitor (MicroTouch, MicroTouch Systems Inc.,
Methuen, Mass., USA). Each trial was initiated by touching
an arrow displayed on the screen. This brought up a compositePsychometric tests

Subjects were tested on a sequence of psychometric tests. pattern (sample) in the centre of the screen which was
displayed for 2.5 s (Fig. 4). Three test conditions, each ofSome of the memory tests were devised specifically for this

study. The following tests were used. 20 trials, were administered. In the ‘simultaneous’ condition
the sample remained displayed in the centre of the screen(i) Wechsler Adult Intelligence test (Scale)—Revised (WAIS-

R) (Wechsler, 1981), providing a measure of IQ. for 2.5 s, but after this period 14 other fractal images
(monochrome) were displayed around this central pattern(ii) National Adult Reading Test (NART) (Nelson, 1982),

providing a measure of premorbid IQ. (forming three lines, each of five images, with the sample in
the centre). One of these fractals was identical to that in the(iii) Wechsler Memory Test—Revised (WMS-R) (Wechsler,

1987). centre (i.e. there were 13 foils), and the subject’s task was
to touch the pattern that matched the fractal in the centre.(iv) Recognition Memory Test (RMT) (Warrington, 1984).

All subjects received the standard version of this forced- All of the patterns (sample and foils) were composed of two
overlaid fractal patterns, one white and the other grey. Achoice test of face and word recognition. The only minor

modification was that for 10 subjects the recognition test was high-pitched tone was sounded when a correct choice was
made and a low-pitched tone when an incorrect choice wasrepeated immediately after the subject had been tested for

the first time. Thus, after completing the test the subject was made. There was an intertrial interval of 15 s. For the
simultaneous condition, which served as a training condition,instructed to identify once again the face or word that they

had seen on the very first presentation, i.e. when just a single a correction procedure was implemented so that if the subject
made an error that stimulus was removed and the trialitem had been shown. The order of stimulus presentation

was the same as that in the first test. The samples (50 words repeated with one less foil. This was continued until the
subject made a correct choice.and 50 faces) were not reshown on their own. For the word

recognition test, the test pairs of words were presented (and After 20 ‘simultaneous’ trials, each subject received two
further sets of 20 trials, the first with a delay of 2 s after there-presented) in a booklet that resembled the booklet used to

show the sample words. The sizes of the words and the font offset of the central sample and the second with a delay of
20 s. For both of these delay conditions, the central samplematched those used in the sample booklet.

(v) Doors and People test (Baddeley et al., 1994). This test was not displayed on the test trial, but as before a copy was
randomly placed among the 13 foils (Fig. 4). No correctionwas given in the standard manner. In this test subjects are

tested on their ability to recognize 24 doors and 24 names trials were given, but the remainder of the procedure was
identical to that used in the ‘simultaneous’ condition. Casesof fictitious people. In both cases, testing involves a forced-

choice condition in which three foils are presented with the 11 and 12 were given slightly different variants of this task
and their data are not presented.sample face or name. Subjects are also tested on their ability

to learn and recall the names of four people and four abstract (vii) Recognition/concurrent discrimination of objects in
scene (CONC). In this task the subjects were shown 20shapes. For both of these tasks there is both an immediate

and a delayed recall condition different stimuli (‘objects’), each set in a unique background
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Fig. 4 The upper row shows a sample stimulus (1) and a test array (2) for the MATCH task. In the test
array the sample is located second from the right in the bottom row. All trials consisted of new stimuli.
The lower row shows a sample stimulus (3) and test stimulus (4) used for the CONC task. The subjects
were required to touch the fractal pattern that reappeared (bottom middle in this trial). The stimuli and
the background scene are composed of different colours and these formed a unique combination for
each stimulus.

scene. The objects consisted of coloured fractal patterns (each exactly the same pairings of correct and incorrect objects.
As a consequence, the first test series could be solved onlywas composed of a pair of overlaid or adjacent fractals

of the same colour) while the scenes comprised unique by using recognition/familiarity but the three subsequent
repeats could be regarded as concurrent discriminations ascombinations of coloured regions and shapes. In the initial

‘sample’ phase the subjects saw the objects one at a time well as tests of recognition, i.e. they could be solved by
remembering which of the two stimuli had been correct on(Fig. 4). To make the object stand out it first flashed for

1.5 s, was then on constantly for 8 s and then flashed previous trials as well as by recognizing the sample.
again for 1.5 s (total duration 11 s). Immediately following
presentation of the last (20th) object the stimuli were repeated,
but this time each scene contained two objects, one familiar Results

The 12 subjects were initially divided into those with andand the other novel (Fig. 4). If the subject touched the
familiar object (correct) the object flashed on and off for those without fornix loss as revealed by MRI (Table 1). This

distinction created a group of three cases (cases 4, 5 and 7)1.5 s. If the subject touched the incorrect (novel) object it
was replaced for 1 s by a black square with the word ‘wrong’ with bilateral breaks in the fornix. Although two of these

showed chronic ventricular enlargement, comparable degreeswhile the correct object flashed (6 s). A new trial was begun
once a choice had been made, following an intertrial interval of ventricular enlargement were present in the fornix-intact

group (Table 1). This is supported by the index of ventricularof 3 s. The familiar object was always set in the same scene
and in the same position as that used in the initial sample dilation (see Methods), which did not separate the two groups

(low scores reflect greater dilation; mean of fornix loss group,presentation (Fig. 4).
The test procedure was repeated three further times with 3.44; mean of fornix-intact group, 3.23). While evidence of
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Table 2 Performance of subjects with intact fornix or loss of fornix on intelligence tests

Case Age at Surg Vent NART Verbal Visual General Attn Delayed RMT RMT WAISR
testing memory memory memory conc recall word faces

VIQ PIQ FSIQWMS-R WMS-R WMS-R WMS-R WMS-R

1 41 C 3.4 116 95 91 92 96 79 44 41 97 86 92
2 40 RF 2.7 109 119 91 109 – 97 47 39 99 90 96
3 48 RF 3.2 96 112 88 111 100 116 45 43 96 91 93
6 25 C 3.3 113 96 104 98 75 98 49 48 101 104 102
8 63 LF 3.2 98 91 113 98 92 75 39 40 88 93 90
9 59 RF 3.7 115 105 117 111 96 99 45 46 97 108 101

10 45 C 2.4 120 111 132 121 102 113 49 45 111 112 111
11 34 C 4.0 113 – – – – – 46 48 107 104 105
12 29 RF 3.1 98 – – – – – 48 40 – – –
Mean score 3.2 108.7 104.1 105.1 105.7 93.5 96.7 45.8 43.3 99.5 98.5 98.8
SD 0.5 9.0 10.4 16.4 10.1 9.7 15.4 3.1 3.5 7.1 9.6 7.2

4 48 RF 2.9 120 53 100 77 100 58 35 48 102 102 101
5 30 RF 2.7 90 78 �50 71 80 �50 44 39 79 67 73
7 38 C 4.8 115 88 99 91 81 61 48 34 108 93 100

Mean score 3.5 108.3 73.0 83.0 79.7 87.0 56.3 42.3 40.3 96.3 87.3 91.3
SD 1.2 16.0 18.0 25.6 10.3 11.3 5.7 6.7 7.1 15.3 18.2 15.9

The first nine rows in the table show the performance of subjects with an intact fornix and the lower three rows show subjects with loss
of the fornix, on tests of intelligence (WAIS-R and NART) and memory (WMS-R and Warrington RMT). Other columns indicate the
surgical approach (Surg) used to reach the cyst (C � transcallosal; LF � left frontal; RF � right frontal) and the extent of ventricular
enlargement (Vent) at the level of the foramen of Munro (width of cerebrum divided by width of ventricles).

slight hippocampal shrinkage was found in several cases, it tasks in the present study were self-paced. The eight normal
control subjects scored a mean of 113 on the NART (compareddid not consistently distinguish the group with fornix damage

(Table 1). The mammillary bodies appeared shrunken in two with 109 and 108 for the two colloid cyst groups), and the
three groups did not differ (F � 1). Similarly, the mean agesof the three cases with fornix loss, but the dorsal thalamus

appeared intact in all three cases. Among the remaining nine of the three groups were comparable (colloid cyst/fornix loss
39.7, colloid cyst/fornix intact 42.8, normal controls 39.2)cases, the fornix appeared normal in six but showed evidence

of bilateral thinning in case 8, unilateral shrinkage in case 6 and they did not differ (F � 1).
and displacement in case 12. These two groups did not differ
as regards age, surgical approach used to reach the third
ventricle, or time elapsed since surgery (Tables 1 and 2). WMS-R

This test revealed clear differences between the two groupsTo analyse the effects of the colloid cysts upon standard
memory tests, the scores of individual subjects were compared (cases 1–10; Table 2). Comparisons using the age-scaled

index scores showed that the subgroup with fornix damagewith age-matched normative data. Other statistical analyses
involved comparing the two groups of colloid cyst subjects performed worse than the intact subgroup on subscores for

Verbal Memory [t(8) � 3.54, P � 0.004], General Memory(those with and those without fornix damage). Wherever
possible, these comparisons were based on Z scores derived [t(8) � 3.73, P � 0.003] and Delayed Recall [t(8) � 4.28,

P � 0.0013]. There was no difference, however, for Attention/from age-banded normative data. All such comparisons were
one-tailed, unless otherwise specified. It was not possible to Concentration (t � 1) or for Visual Memory (0.1 � P � 0.05).
test all subjects on all of the tasks, and for this reason the
subjects are specified for each test.

Warrington RMT
The raw performance scores of all 12 cases are shown in
Table 2. The statistical comparisons used Z scores for thePsychometric tests

A summary of the scores of the individual cases on standard appropriate age band (Warrington, 1984). There was no
evidence that the scores of the two subgroups differed forpsychometric tests of intelligence and premorbid intelligence

is provided in Table 2. The table also provides the index the Faces (t � 1) subtest. A similar comparison for the
Words subtest did find evidence for a group differencescores of the same subjects for the different components of

the WMS-R. It can be seen that the IQ scores, as measured [t(10) � 1.83, P � 0.048, one-tailed]. It should be noted
that one of the subjects with fornix damage (case 7), whoby WAIS-R (cases 1–11) and NART, did not distinguish the

subgroups with and without fornix involvement. Although performed poorly on the Faces subtest (34/50, P � 0.05
from norms), had been tested on the RMT 4 years prior tothe WAIS-R scores of one subject (case 7) were low, it

should be noted that he had especial difficulties with timed the present series of tests (4 years after surgery). At that time
his scores (Faces, 40/50; Words, 47/50) were both above thetasks, and this may explain the apparent discrepancy with

his NART score (which is self-paced). Most of the memory 5th percentile for his age.
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with intact fornix for both the verbal and non-verbal material
(both U � 0, P � 0.008).

One of the subjects (case 1) performed very poorly on the
learning of shapes (1st percentile), even though her fornix
was intact. Her pattern of performance on this one test was
very anomalous as her scores decreased with each successive
learning trial, and she repeatedly claimed that she could not
draw. Her score was over 2 SD below the mean score of that
group. While her scores on the immediate visual reproduction
task from the WMS-R were within the normal range (40th
percentile), her delayed recall was in the 2nd percentile.
These scores are in contrast to all other tests, in which she
performed at normal levels.

The Doors and People test includes the delayed recall of
a set of names and shapes. The resulting forgetting scores

Fig. 5 Mean combined scores (� SE) for the RMT (Words and were, however, invalid as the subjects with fornix damage
Faces subtests) on the first test (test 1) and the repeat test (test 2) often failed to learn the stimuli initially, and so subsequent
for subjects with and without fornix interruption. forgetting could not be measured. These scores were

therefore ignored.
A final series of comparisons compared the severity of theCases 1–10 were tested twice on the RMT, the second test

recognition and learning/recall deficits. For this, the Z scoresimmediately after the first. The effects of retesting were
for the appropriate age band were calculated for the twoexamined using an ANOVA (analysis of variance) in which
recognition tests and for the two learning tests (names andthe total RMT scores for the first and second tests were
shapes). Analysis of variance using the Z scores for namecompared between the two groups (Fig. 5). This analysis
recognition and name learning revealed highly significantrevealed a marginal group effect [F(1,8) � 4.80, P � 0.060]
effects of group [F(1, 8) � 35.9, P � 0.0003] and ofand a large effect of retesting [F(1,8) � 47.70, P � 0.0001],
group � type of test [F(1,8) � 23.1, P � 0.001]. Thisreflecting the fact that the retest was more difficult, as all of
interaction reflected the relatively poor scores of the fornix-the items had now been seen by the subjects. There was also
damaged group on the learning task. A similar analysis fora significant group � test interaction [F(1,8) � 7.18, P �
the door-recognition and shape-learning tasks again revealed0.028], and analysis of the simple effects using the pooled
a group effect [F(1,8) � 9.01, P � 0.017] but no group � typeerror term (Winer, 1971) revealed no group difference at test
of test interaction [F(1,8) � 1.29]. This second analysis was,1 (P � 0.21) but a difference at test 2 (P � 0.019). This
however, heavily influenced by case 1, who performed in aninteraction showed that the subjects with fornix damage
anomalous manner (see above). Removal of this casewere more affected by the requirement to repeat the task
produced a significant interaction [F(1,7) � 5.61, P � 0.049],immediately after the first attempt.
once again reflecting disproportionately poorer performance
on the learning tasks.

Doors and People
This test is composed of two forced-choice tests of recognition
(names and doors) and two tests of learning and subsequent Touchscreen tests of recognition and concurrent
recall (people and shapes). The performances of cases 1–10

discriminationare shown in Table 3. The subjects with fornix damage were
Delayed matching to sampleseverely impaired on both of the tests of learning and recall,
Cases 1–10 were tested on this condition, as well as the eightand were more mildly impaired on the tests of recognition.
normal controls. The task involved a forced-choice test ofComparisons between the two groups used the respective
visual recognition (delayed matching to sample) in whichage-scaled scores. Non-parametric statistics were used as the
the sample stimulus was presented in the test phase with 13scales are truncated. These analyses confirmed that the group
foils. The delays were 0 s (simultaneous), 2 s or 20 s. Fromwith fornix damage performed significantly worse on the
the mean scores (Fig. 6) it can be seen that there was nolearning of both shapes (U � 2.5, P � 0.033) and names of
evidence of a group difference and that the task did notpeople (U � 0, P � 0.008). The same group were also
suffer from ceiling effects for the two delays. The lack ofimpaired on the recognition of doors (U � 1, P � 0.017)
any overall group effect was confirmed by ANOVAand the recognition of names (U � 1, P � 0.017).
[F(2,15) � 0.06], and there was no evidence of a groupThe delayed recall (after ~10 min) of the people and the
difference at any of the delays or of a group � delayshapes was also compared using age-scaled scores. The

subgroup with fornix damage were impaired relative to those interaction (F � 1).
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Table 3 Performance of subjects with intact fornix (upper seven rows) or loss of fornix
(lower three rows) on the Doors and People test

Case Recognition Learning Total age-
scaled score

Doors Names Shapes People

1 18 20 6† 30 30
2 19 20 35 32 44
3 21 21 30 30 49
6 23 22 36 32 53
8 14 16 30 16* 25*
9 23 17 24* 33 44

10 19 21 28 30 38
Mean 19.6 19.6 27.0 29.0 40.4
SD 3.2 2.2 10.1 5.9 10.1

4 15 15 13† 4† 21†

5 13* 17 15† 11† 15†

7 15* 15 14† 7† 14†

Mean 14.3 15.7 14.0 7.3 16.7
SD 1.2 1.2 1.0 3.5 3.8

*Scores in the 5th percentile; †scores in the 1st percentile. The learning scores refer to the initial test of
stimulus learning and not the delayed recall. The scores in the first four columns are raw scores while
the final column shows the total age-scaled score, which is derived from the sum of the learning and
recognition scores.

Fig. 7 Mean performance (� SE) of subjects with and without
fornix interruption and normal controls on the recognition and

Fig. 6 Mean performance (� SE) of subjects with and without then concurrent discrimination of 20 object-in-place stimuli
fornix interruption and normal controls on the recognition of (CONC-concurrent).
abstract visual patterns for three delay conditions (MATCH).

Recognition/concurrent discrimination of objects (Fig. 7) revealed a group difference [F(2,17) � 4.22, P �
0.032]. There was an effect of trial [F(3,51) � 4.58,in scene

All subjects were tested on this task, which involved visual P � 0.007], but no group � trial interaction (F � 1). Post
hoc analyses (Newman–Keuls test) showed that the fornix-items similar to those in the matching-to-sample condition

except that each one was now coloured and positioned on a damaged group performed significantly worse overall than
the fornix-intact group (P � 0.05). An examination of theunique background. Initial recognition (matching) was

followed by a series of concurrent discriminations in which simple effects using the pooled error term (Winer, 1971)
revealed a group difference on the initial recognition testthe subject had to touch the correct stimulus (the initial

sample item). Feedback was provided to distinguish correct (P � 0.05) as the fornix-damaged group performed
significantly worse than the fornix-intact and the normaland incorrect choices.

Comparisons over the initial recognition test and the three control groups. The group differences on the remaining three
trials failed to reach significance.subsequent concurrent learning trials with the 20 stimuli
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performance of case 10 was of especial note. Although theDiscussion
fornix was intact, the extent of lateral ventricular enlargementThe present study describes the largest reported series of
was greater than in any other case (Fig. 2). In spite of this,subjects who have undergone surgical removal of a colloid
her performance on all of the standard memory tests wecyst in the third ventricle and then had their mnemonic status
administered was in the normal range and was typically wellassessed. In order to preclude bias, no subject was excluded
above the normal mean levels. Thus the only pathologyonce psychometric testing had begun. The first goal was to
that was confined to the three amnesic cases was bilateralexamine the possible association between fornix damage and
interruption of the fornix.memory loss, and for this reason comparisons focused on

It can be difficult to assess the severity of an amnesia ascases with or without interruption of the fornix as determined
floor effects limit the sensitivity of standard tasks. With thisby MRI. Care was taken to consider other factors, such as
in mind, the WMS-R would indicate that the severity of thethe degree of ventricular dilation, the surgical approach and
memory loss in the three cases with fornix damage wasthe presence of damage to other structures within the limits
similar to that observed in other groups labelled as sufferingof MRI resolution. These were assessed blind to individual
from anterograde amnesia. This can be seen by comparingperformance. Three cases showed severe memory loss, and
the mean scores of these three cases with those of a groupbilateral fornix interruption was the only factor that predicted
of 16 amnesics tested for the purpose of assessing theall three.
sensitivity of the WMS-R and its subscales (Butters et al.,The most pronounced differences between the two groups
1988). The relative mean scores of the two groups (scoreswere found on tests of learning and recall. This was clearly
from Butters et al., 1988 in parentheses) were as follows;demonstrated by the WMS-R scores, as the performance of
Verbal Memory, 73 (72); Visual Memory, 83 (78); Generalthose cases with an intact fornix on the various subscales
Memory, 80 (69); Delayed Recall, 56 (56). The onlywas typically within the normal range. In contrast, the cases
discrepancy concerns the General Memory score, and thiswith an interrupted fornix performed especially poorly on
probably reflects the fact that 11 of the 16 amnesics were

the tests of delayed recall, and differed from the intact group
alcoholic Korsakoff amnesics, and this aetiology is associated

on this subscale as well as those for Verbal Memory and
with especially low General Memory scores (Butters et al.,

General Memory. The lack of a group difference on the
1988). While it seems appropriate to label these fornix-

Attention/Concentration subscale helps to show that these
damaged cases as suffering from amnesia, it is also evident

subjects were not suffering from more global cognitive
that they are not as impaired as the most severe amnesic cases.

deficits. More support came from the Doors and People test, It might be argued that the present study included only
as all three subjects with bilateral fornix damage were three cases of fornix damage associated with anterograde
severely impaired on learning the names of people and amnesia, and thus more cases are required to establish a
learning various shapes (all scores were in the 1st percentile), causal link. In fact, the pattern of results from the 12 subjects
and as a group they performed significantly worse than those in the present study is consistent with previous reports of
with an intact fornix. A clear implication of the findings smaller groups of colloid cyst cases with or without fornix
from both tests is that fornix damage is sufficient to induce damage (Geffen et al., 1980; McMackin et al., 1995). These
anterograde amnesia. findings can be further integrated with single case studies of

Before arriving at this conclusion it is necessary to bilateral fornix damage associated with other aetiologies,
determine whether any other sites of pathology were including tumours (Heilman and Sypert, 1977; Calabrese
predictive of amnesia. Although two of the amnesic cases et al., 1995), traumatic injury (D’Esposito et al., 1995) and
showed evidence of bilateral hippocampal shrinkage, the vascular accidents (Botez-Marquard and Botez, 1992). In
hippocampi in the third case were of normal size (case 4). addition, some reports indicate that unilateral damage to the
Conversely, one of the cases that was not amnesic also left fornix is sufficient to induce a loss of verbal memory
showed bilateral hippocampal shrinkage (case 8). While (Cameron and Archibald, 1981; Tucker et al., 1988; Gaffan
mammillary body atrophy occurred in two of the three et al., 1991). It is only when all these cases are viewed
amnesic cases, this structure appeared normal in the third. It together that it becomes difficult not to conclude that the
should also be noted that mammillary body shrinkage is common pathology, i.e. fornix damage, is sufficient to induce
likely to occur as a consequence of fornix transection, as persistent and marked loss of episodic memory.
evidence from studies with rhesus monkeys shows that cells This conclusion appears to contradict a review on the
in the medial mammillary nucleus pack closer together after effects of surgical transection of the fornix (Garcia-Bengochea
fornix transection, although there are no obvious signs of and Friedman, 1987) which argued that this surgery is not
cell loss or gliosis (Saunders, 1983). Indeed, all of the cases associated with permanent loss of memory. There were,
with fornix damage described by McMackin and colleagues however, a number of key shortcomings in this review, as
who showed clear memory loss also had mammillary bodies noted by Gaffan and Gaffan; the principal criticisms were
that were shrunken or not visible on MRIs (McMackin et al., that the large majority of surgical cases had only partial
1995). Finally, there was no evidence that ventricular dilation fornix damage and that there was a consistent lack of

appropriate psychometric information (Gaffan and Gaffan,predicted amnesia in this series of cases. In this regard the
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1991). A very limited number of single case reports have While the present results suggest a relative sparing of
recognition, direct comparisons between recall and recogni-also failed to find a link between fornix damage produced

by tumours or cysts and amnesia (Cairns and Mosberg, 1951; tion are often difficult. This is typically because tests of
recognition are usually easier and, hence, prone to ceilingWoolsey and Nelson, 1975). Once again, the psychometric

data, when presented, are difficult to interpret and do not effects. Furthermore, recognition was not normal in those
amnesic subjects with fornix damage. Group impairmentsconfirm intact memory (Gaffan and Gaffan, 1991). The case

described by Woolsey and Nelson is of note as there was were found on the Doors and People test, and a recognition
deficit was revealed by repeating the RMT twice. This secondpost-mortem verification of bilateral fornix damage, which

was a result of a lung carcinoma metastasis. Although the RMT test proved to be disproportionately more difficult for
those cases with fornix damage, and a parallel result haspatient was reported as having intact memory, no formal

testing was carried out and there is the possibility that most been found in monkeys with selective fornix lesions (Owen
and Butler, 1984). The rationale behind repeating the RMTof the pathology occurred in the final stages of the disease

when the patient became confused and lethargic. was that the first (standard) test can be solved simply by
comparing the familiarity of the stimuli, but the value of thisThe second goal of the present study was to examine the

relationship between recall and recognition deficits in colloid familiarity difference diminishes on the second test series
when both target and foil are familiar and the subject maycyst cases. The results of the Doors and People test are

especially pertinent as this test assesses both forms of now need to recall which stimulus had originally been
presented on its own, i.e. the original sample. This accountmemory. While the cases with fornix loss showed clear and

consistent individual and group deficits on the learning and derives from ‘two-process’ models of recognition (Mandler,
1980; Gardiner, 1988; Gardiner and Parkin, 1990; Jacoby,recall components of the Doors and People test, the results

for the recognition tests were somewhat different. Although 1991), which argue that recognition is based not only on
recall (‘remembering’) but also on an additional signal ofthe fornix-damaged cases were still impaired when considered

as a group, their individual scores as measured by task norms familiarity (‘knowing’). This latter process is regarded as
being additive to and separate from the explicit memorywere less clearly impaired, most scores falling above the

5th percentile. This discrepancy resulted in a significant of an event (Mandler, 1980; Yonelinas, 1994, 1997), and
corresponds to feelings of familiarity rather than explicitinteraction between the type of task (recall versus recognition)

and the degree of impairment, indicating less impairment of recall of the event (Gardiner, 1988; Gardiner and Parkin,
1990). This feeling of familiarity is not, however, the samerecognition.

The results from the RMT appear to fit this general pattern. as perceptual fluency (Wagner and Gabrieli, 1998; Aggleton
and Brown, 1999) and can thus be used to guide explicitThe two groups did not differ significantly on the Faces

subtest and showed a difference that was only just significant memory choices. Accordingly, failure to recall episodic
memory need not be accompanied by a comparable loss ofon the Words test. Furthermore, individual subjects performed

in the normal range in spite of very impaired performance recognition as familiarity judgements may be preserved.
Nevertheless, recognition would not be normal as one com-on tests of recall. This pattern of performance is consistent

with a previous survey on the effects of colloid cyst surgery ponent is lost. While the present data readily fit such a model,
it may be the case that repeating the RMT introduces other(McMackin et al., 1995), as cases with fornix damage

performed within the normal ranges on the RMT but were factors, such as an increased retention delay and an increase
in the value of accurate temporal tagging. As a consequence,consistently impaired on tests of recall. This pattern also

supports a meta-analysis of the recognition performance of the use of familiarity information by amnesics needs to be
examined using more targeted means (Yonelinas et al., 1998).112 amnesics with different aetiologies on the RMT (Aggleton

and Shaw, 1996). The large majority of the 112 amnesic The third goal was to assess the outcome of tests that are
analogous to tasks used with non-human primates. Thesubjects were severely impaired on the RMT, but a small

subset with relatively circumscribed limbic damage MATCH task was of interest as the single-item recognition
test shares many features with tests of matching given to(involving the hippocampus, fornix or mammillary bodies)

showed relative sparing on the RMT. One apparent exception animals (Aggleton et al., 1988; Squire et al., 1988). The
human subjects with fornix damage performed normally onto this pattern is a subject with traumatic fornix injury

who showed quite severe deficits on both RMT subtests this task, and this can be compared with studies showing
that fornix lesions in non-human primates can spare object(D’Esposito et al., 1995). The fornix damage in this case

resulted from a gunshot wound which CT scans indicated matching and non-matching in tasks using single, discrete
items (Gaffan et al., 1984; Bachevalier et al., 1985a, b;had avoided other key structures (e.g. the hippocampus,

thalamus and basal forebrain). The presence of gunshot Zola-Morgan et al., 1989). Although the delay used in the
MATCH task was considerably shorter than that often usedfragments unfortunately made it impossible to use MRI, and

in view of the marked ventricular enlargement and the with monkeys, the present test was not confounded by ceiling
effects. This is presumably due to the large number ofrelatively poor resolution of the imaging it is possible that

other diencephalic damage may have contributed to the similar foils. Furthermore, other groups of amnesics (e.g.
postencephalitic, alcoholic Korsakoff) are severely impairedrecognition deficit.
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on similar matching tasks after delays as short as 20 s and D. Rawluk, J. Toland, J.A. Vafidis and S. Young. The work
was supported by The Royal Society.with only two foils at test (Holdstock et al., 1995). An
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