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BACKGROUND AND PURPOSE: Patients who have had a colloid cyst removed from the third ventricle
sometimes experience some difficulty with day-to-day memory. This study provided quantitative MR
imaging volume measures of 1 structure potentially responsible for mnemonic problems, the mam-
millary bodies. Additional volume estimates in structures connected to the mammillary bodies sought
to determine the specificity of any atrophy.

MATERIALS AND METHODS: Volume estimates of the mammillary bodies were performed on 38
patients after surgical removal of colloid cysts and 20 control subjects by the application of stereologic
volume-estimation techniques. For the mammillary body measures, 2 groups of MR images were
assessed (0.8- and 1.0-mm section thickness) to compare the sensitivity of each imaging sequence for
detecting any atrophy. Other structures associated with memory processes, such as the hippocampus
and fornix, were also assessed quantitatively to determine whether there was a correlation between
mammillary body damage and atrophy in connecting structures.

RESULTS: Our investigations established the superiority of 0.8-mm-volume scans over standard iso-
tropic 1.0-mm-thick-volume scans for mammillary body assessments. Comparisons with 20 age-
matched controls revealed that patients with colloid cysts frequently showed significant mammillary
body atrophy (mean volume of colloid cysts, 0.037 cm3 right and 0.038 cm3 left; control subjects, 0.069
cm3 right and 0.067 cm3 left). In fact, every patient had a mammillary body volume below the control
mean, and the majority of patients had a volume decrease of �1 SD (82% right, 74% left). Mammillary
body volumes correlated with fornix volumes in the same patient group.

CONCLUSIONS: Our results reveal the frequent presence of mammillary body atrophy in patients with
surgical removal of colloid cysts and indicate that this atrophy is partly due to a loss of temporal lobe
projections in the fornix.

The mammillary bodies form a vital link in a putative memory
system comprising the projections from the hippocampus to

the mammillary bodies and thence to the anterior thalamic nu-
clei.1-3 Unfortunately, neuropathologic evidence concerning
mammillary body function has often been difficult to interpret
because it typically occurs in conditions in which additional pa-
thology is present in other sites. Examples are the amnesic Kor-
sakoff syndrome and tumors in the posterior hypothalamic re-
gion.4-12 Consequently, there remains much uncertainty about
the importance of the mammillary bodies for memory.13 Addi-
tional interest in the integrity of the mammillary bodies arises
from evidence that in schizophrenia, there are cellular and vol-
ume changes in this structure.14,15 The principal goal of the
present study was, therefore, to determine the extent of mammil-
lary body shrinkage in a condition often associated with memory
loss, colloid cysts of the third ventricle.16,17 Although some pre-
vious descriptions of this condition have noted mammillary body
shrinkage,18-20 to our knowledge, there are no quantitative re-
ports on the extent and frequency of mammillary body change.

Addressing the principal goal required assembling a cohort
of patients showing stable recovery after surgical removal of
colloid cysts in the third ventricle. A subsidiary goal was to
examine correlations between fornix volume and mammillary
body volume. This correlational analysis was extended to in-
clude a number of temporal lobe regions, particularly the hip-
pocampus (including the subiculum) and the entorhinal cor-
tex, because these areas provide almost all of the fornical input
to the mammillary bodies.21-25

These 2 aims led to the need to develop an MR imaging
sequence that would improve the reliability of volume esti-
mates for the mammillary bodies—a second subsidiary goal.
We, therefore, developed an 0.8-mm-thick-section scan for
the measurement of these small structures, which we com-
pared with the standard 1-mm-volume scans. This was a chal-
lenge because the mammillary bodies are positioned at the
base of the brain and are small, with an estimated volume of
approximately 50 mm.3,26,27 Unlike previous MR imaging
studies of the mammillary bodies,28,29 the volume estimates
were based on stereology, which uses a randomly generated
start section and randomly generated grids for the measure-
ment procedure, therefore ensuring that the volume estimates
were unbiased, (ie, sections and grids were not chosen by the
observer) and ensuring predictable precision.

Materials and Methods

Participants
Volumetric MR imaging was performed on 38 patients who had un-

dergone surgical removal of a colloid cyst located in the third ventricle
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of the brain (18 men, 20 women; average age, 47.4 years; range, 22–71

years). The patients were drawn from 14 neurologic centers across

England, Scotland, and Wales. A variety of surgical approaches had

been used to visualize and access the cyst before its removal (trans-

frontal, n � 4; transcallosal, n � 13; endoscopic aspiration and exci-

sion, n � 21). Patients were excluded from the study if they had

additional neurologic disorders or MR imaging�noncompatible

shunts (eg, magnetic or programmable shunts) or were younger than

18 years of age. These exclusion criteria included known alcoholism

and Korsakoff disease, both of which are likely to affect mammillary

body volume. In addition, 4 patients included in the study had non-

magnetic shunts present. No patients had to be removed from the

study due to known surgical complications.

The interval between the colloid cyst surgery and subsequent MR

imaging ranged from 12 to 240 months (mean, 79.9 months; SD, 66.7

months). Of the initial 71 patients identified from hospital records, 38

agreed to be scanned. The remaining 33 patients did not respond to

written requests for participation in the study. With the exception of

1 patient who developed epilepsy before scanning, all other patients

were thought to be free from other neurologic or psychiatric disor-

ders. Comparisons were made with 20 age-matched control subjects

(10 men, 10 women; average age, 48.1 years; range, 25– 62 years). All

participants gave fully informed written consent to the study, which

had UK Multi-Centre Research Ethics Committee ethics approval in

accordance with the Declaration of Helsinki 1964.

Image Acquisition
All MR images of the brain were acquired by using the same 3T Mag-

netom Trio whole-body imaging system (Siemens Medical Solutions,

Erlangen, Germany). A block of 72 contiguous coronal T1-weighted

image sections of 0.8-mm thickness were obtained by using a 3D

thin-section magnetization-prepared rapid acquisition of gradient

echo (MPRAGE) pulse sequence (TR, 2040 ms; TE, 5.57 ms; TI, 1100

ms; flip angle [FA], 8°; acquisition time, 11 minutes 47 seconds). The

FOV of the images was 256 � 256 mm. Section prescription was

performed coronally along the length of the fornix. In addition, an

isotropic MPRAGE volume scan (TR, 1960 ms; TE, 4.43 ms; TI, 1100

ms; FA, 8°; acquisition time, 8 minutes 23 seconds) was acquired

providing 172 contiguous coronal sections having a section thickness

of 1.0 mm, which was used for the measurement of the temporal lobe

structures, prefrontal cortices, and whole hemispheres. It was antici-

pated that the MPRAGE volume scans having 0.8-mm-thick sections

would provide increased visualization of the mammillary body

boundary landmarks, without loss of the signal intensity–to-noise

ratio when compared with the standard 1-mm isotropic MPRAGE

volume scans.

Previous studies have used scans with section thicknesses ranging

from 1.0 to 3.0 mm.27-32 An additional MR imaging sequence was

used to acquire intracranial volume data for normalizing the data for

differences in head size across patients and controls. This sequence

was a T2-weighted intracranial volume scan; parameters were TR,

3000 ms; TE, 102 ms; FA, 150°; 3-mm section thickness; 10-mm sec-

tion gap; acquisition time, 2 minutes. The FOV of the images was

220 � 220 mm.

Anatomic Landmarks: Mammillary Bodies
The mammillary bodies are spheric structures, approximately 5 mm

in diameter, located inferiorly in the brain at the posterior limit of the

hypothalamus.33,34 They are composed of 2 nuclei (medial and lat-

eral), with the medial mammillary nucleus composing �90% of the

volume of the structure.34,35 Demarcation of the medial mammillary

nucleus is relatively straightforward by using thin-section MR images,

because this nucleus is surrounded by an attenuated fiber capsule (Fig

1). Also, the inferior limit of the mammillary bodies is marked by the

Fig 1. The stereologic procedure for measuring the mammillary bodies. A and B, Mammillary body location and detailed structure. C, Placement of the stereologic grid. D, Method of
stereologic point counting. The mammillary body volume estimate is contained within the area indicated by the white arrows.
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CSF signal intensity arising from the interpeduncular fossa, with the

lateral landmark being the substantia nigra.35 The location of the

much smaller lateral mammillary nucleus, sitting adjacent to the ven-

tral and lateral aspects of the medial nucleus,35 ensures that this part

of the structure was included in the volumetric measures, despite the

lack of its visualization on MR imaging.

Stereologic Volume Estimation
Unbiased estimates of the mammillary body and medial temporal

volumes were obtained by using the Cavalieri method of modern

design stereology combined with point-counting techniques,36-38

with EasyMeasure Software (easymeasure.co.uk), which is freely

available. Volume estimation was achieved by sampling a series of

equally spaced MR images by means of a random starting position.

Each image was randomly overlaid with a square grid (a regular array

of test points). The number of points lying within each transect

through the structure of interest was recorded (Fig 1). Test-point

separation on the grid was 0.234 cm (ie, 3 pixels relating to a 3 � 3 grid

size) for all structures measured. Grid size and section interval varied

between structures according to the area of the structure of interest.

Five to 6 MR imaging sections from the 0.8-mm-volume sequence

passed through the mammillary body structure, and points were

counted on every section (Fig 1). The points were summated in

EasyMeasure software to provide an unbiased volume estimate of the

mammillary bodies, which also included the associated coefficient of

error. This measure takes into account the error introduced into the

measurement procedure by slicing the structure of interest and by

point counting.

Fornix measures were acquired by manually segmenting out the

structure from surrounding tissue according to prescribed land-

marks. Two measures were taken for each hemisphere, total volume

of tract, and smallest cross-sectional (coronal) area. Details of the

adopted landmarks and measurement procedures have been pre-

sented elsewhere.39 Stereologic volume estimates were also obtained

for the hippocampus (including the subiculum) and the entorhinal

cortex, because these structures project to the mammillary bodies.23

For comparison, the perirhinal cortex, parahippocampal cortex,

amygdala, lateral ventricles, the entire temporal lobe, and the hemi-

spheres were also measured. Measurement of all regions, apart from

the mammillary bodies, used the 1.0-mm-volume scan. The perirhi-

nal cortex, parahippocampal cortex, and the amygdala were included

because they lie adjacent to the hippocampus and entorhinal cortex

but do not project to the mammillary bodies.23,25 Detailed anatomic

delineations for these structures have been published elsewhere.39-44

The anatomic boundary definitions for the medial temporal lobe cor-

tices followed those of Insausti et al.42

An intrarater study was performed for all brain structures mea-

sured. This involved the remeasurement of structures after 4 weeks.

Reliability was assessed by using intraclass correlations (ICCs).

Results
The intrarater reliability of the estimates for mammillary body
volume was considered first to indicate the reproducibility of
the volume estimates and to explore quantitative advantages
of 0.8-mm-volume scans. Estimates of mammillary body vol-
ume were then compared for the 2 subject groups (colloid cyst
and healthy control) and for the 2 volume scan types (1.0 mm
and 0.8 mm). The frequency and extent of mammillary body
shrinkage following surgery for colloid cysts was then ex-
plored. Finally, volume correlations of mammillary body, for-

nix, and medial temporal lobe structures were examined be-
cause they may help determine the cause of mammillary body
shrinkage.

Intrarater Reliability
The intrarater reliability study was performed on the 0.8- and
1.0-mm scans in 10 randomly selected patients with colloid
cyst and 10 healthy age-matched control subjects. Right and
left mammillary body volumes were measured by the rater
(C.E.D.). The procedure was then repeated 4 weeks later by
using identical stereologic parameters.

ICC of the mammillary body volumes for the 0.8-mm scans
in the controls provided values of 0.99 (right) and 0.99 (left).
In contrast, the corresponding ICC scores for the 1-mm scans
were appreciably lower (0.68 right, 0.53 left). Likewise in the
patient group, the 0.8-mm scans gave ICCs of 0.99 (both right
and left), whereas the 1.0-mm scans produced lower ICC
scores (0.91 right, 0.41 left). A level of intrarater reproducibil-
ity �0.8 is considered “good.”45 Figure 2 illustrates the differ-
ence in resolution between 1.0- and 0.8-mm scans.

Volume Data: Mammillary Bodies
Table 1 presents the absolute right and left mammillary body
volume estimates in the 38 patients with colloid cysts and the
20 healthy control subjects for the 0.8- and 1.0-mm-volume
scans. The intracranial volume normalized data (Table 2) were
calculated by dividing the absolute volume estimate for that
structure by the total intracranial volume for each subject to
provide a volume ratio. This may be the most valid measure
for group comparisons because it controls for variation in cra-
nial size while avoiding the effects of cortical atrophy poten-
tially accompanying hemisphere normalization procedures.
Additionally, the patient group was divided up according to
the number of SDs below the control mean volume (Table 3),
to examine the spread of atrophy within the group. Figure 3
illustrates the spread of intracranial volume-normalized val-
ues for the patients and controls. The volume estimates
(0.8-mm scans) of the patient and control groups were then
compared to determine whether patients with colloid cysts
had atrophied mammillary bodies.

Group comparisons (0.8-mm scans) indicated a highly sig-
nificant reduction in absolute mammillary body volume in the
patient group in both right (t56 � 6.63) and left (t56 � 5.58)
hemispheres (both, P � .0001) compared with controls. The
variance in the patient group, as measured by the SD, was
approximately double that of the control group. The intracra-
nial volume normalized data gave exactly the same overall
picture as the absolute volumes (both left and right, P � .0001;
Fig 3).

Comparison of scan types showed that the absolute (Table
1) and the intracranial normalized (Table 2) volume ratios
appeared larger in the control group with the 0.8-mm scans
than with the 1.0-mm scans. Within-subject comparisons of
the volumes derived from the 0.8- and 1.00-mm scans con-
firmed this difference for both hemispheres (right, t19 � 4.43,
P � .001; left, t19 � 3.71, P � .001). However, in the patient
group, no significant differences were found (right, t37 � 0.91,
P � .37; left, t37 � 1.71, P � .09).

Finally, Pearson correlation tests assessed the agreement
between the 0.8- and 1.0-mm scan mammillary body volumes
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in the control and patient groups independently. In controls,
volume estimates from the right (r � 0.12, P � .62) and left
(r � 0.05, P � .85) hemispheres failed to show a significant
correlation. In contrast, volume estimates from the 0.8- and
1.0-mm scans showed significant correlations in the patient
group for both the right (r � 0.76, P � .001) and left (r � 0.79,
P � .001) mammillary bodies. The finding of a significant

correlation for patients, but not controls, presumably reflects
much greater volume ranges in the patients, along with a larger
sample size.

The Extent of Mammillary Body Shrinkage in Patients
with Surgical Removal of Colloid Cysts
The individual left and right 0.8-mm-scan intracranial nor-
malized mammillary body volumes estimated for the patient
group were classified according to z-scores (SD above or below
the control mean, n � 20) (Fig 4).

Every patient showed both right and left mammillary body
volumes that were less than the corresponding mean control
values (Fig 3). For 31/38 (right) and 28/38 (left), these vol-
umes were �1 SD below that of the control means. More than
50% of the patients had mammillary body volumes that were
significantly smaller than the control means (P � .05, 1-sam-
ple t test, 1-tailed; Fig 4). There were no significant correla-
tions between mammillary body volume and time since sur-
gery for the right or left mammillary body (r � �0.229, P �
.168; r � �0.278, P � .091, respectively).

Fig 2. Comparison of the resolution of the 1 � 1 � 1 mm isotropic volume scan (A) with the 0.8-mm thin-section volume scan (B) in a patient with relatively normal mammillary body
volumes. The 2 sections are taken from neighboring sections around the central region of the patient’s mammillary bodies and show the higher resolution of the 0.8-mm scan and the
resultant benefit for the identification of the mammillary body landmarks.

Table 1: Mean absolute volume estimates, SDs, and volume ranges
for the right and left mammillary bodies in the patients with colloid
cysts and control subjects

Cyst

Patients (n � 38) Controls (n � 20)

Mean (SD)
(mm3) Range

Mean (SD)
(mm3) Range

0.8 mm
Right 38 (20) 4–67 69 (11) 44–86
Left 39 (22) 3–73 67 (10) 44–80

1.0 mm
Right 38 (16) 5–72 56 (9) 41–83
Left 42 (19) 7–72 55 (16) 38–75

Table 2: Mean intracranial-volume normalized ratios, SDs, and
volume ranges for the right and left mammillary bodies in patients
with colloid cysts and controls

Cyst

Patients (n � 38) Controls (n � 20)

Mean (SD) Range Mean (SD) Range
.08 mm

Right 0.030 (0.015) 0.038–0.053 0.060 (0.014) 0.034–0.098
Left 0.031 (0.018) 0.020–0.057 0.057 (0.013) 0.042–0.09

1.0 mm
Right 0.032 (0.016) 0.007–0.048 0.047 (0.080) 0.037–0.064
Left 0.035 (0.015) 0.007–0.059 0.047 (0.050) 0.038–0.054

Table 3: Number of patients and SDs below the control mean for
the normalized mammillary body

SD below the
Control Mean

Normalized Mammillary
Body Volume

Right Left
0 to �1 7 10
�1 to �2 14 11
�2 to �3 9 7
�3 to �4 8 4
�4 to �5 0 6
Total 38 38
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Fornix Volume and the Presence of Shunts
Four of the 38 patients examined had a postsurgical shunt
present. There was a difference between raw volume estimates
in the right fornix for patients with shunts (0.24 cm3; SD, 0.14)
compared with patients without shunts (0.38 cm3; SD, 0.80).
This result was statistically significant (t � 3.43, P � .002). No
significant volume change was reported in the left fornix when
comparing raw volume in the patients with and without
shunts (0.39 cm3; SD, 0.15 and 0.40 cm3; SD, 0.11, respec-
tively; t � 0.20, P � .84).

Relationship between Mammillary Body Volume and
Other Key Structural Volumes within the Colloid Cyst
Group
To assess possible causes of the mammillary body atrophy, we
calculated correlations between intracranial normalized vol-
umes of the mammillary bodies and of the fornix and various
medial temporal lobe structures in the patients with colloid
cysts for each hemisphere separately. The volumes of the right
and left mammillary bodies were highly significantly corre-
lated with each other (r � 0.65, P � .001). For the right mam-
millary body, the only other significant correlations were with
the smallest cross-sectional area of the right fornix (r � 0.42,

P � .008) and the entire right hemisphere volume (r � 0.35,
P � .03). For the left mammillary body, the only other signif-
icant positive correlations were with the smallest cross-sec-
tional area of the left fornix (r � 0.45, P � .005) and the entire
volume of the left fornix (r � 0.47, P � .003). In addition, the
left mammillary body volume was negatively correlated with
the lateral ventricle volume (r � �0.42, P � .009), and there
was a trend for the same relationship on the right (r � �0.30,
P � .07).

In addition to the decreases in mammillary body volume,
patients with colloid cysts showed reductions in the total vol-
ume in the right and left fornix (t � 4.67 and t � 4.18, P � .001
for both), though there were no differences between the con-
trols and patients for the smallest cross-sectional fornix area
for either right or left hemispheres (t � 1.75, P � .09 and t �
1.11, P � .27, respectively). To establish whether there were
significant changes in the integrity of medial temporal lobe
structures in the patients with colloid cysts, we compared their
intracranial normalized volume ratios with those of controls
by using independent t tests (all df56). The patients showed
decreased volumes in the right hippocampus (t � 3.10, P �
.003), left hippocampus (t � 3.24, P � .002), right and left
parahippocampal gyri (t � 2.18, P � .033 and t � 4.37, P �
.001), right and left hemispheres (t � 4.80, P � .001 and t �
3.52, P � .001), and right and left entorhinal cortex (t � 3.68,
P � .001 and t � 2.82, P � .007, respectively).

Although fornix shrinkage was frequent, only 3 patients
showed bilateral severance of the tract, with another 2 patients
having unilateral severance (1 left, 1 right). All 3 patients with
bilateral fornix loss had very atrophic mammillary bodies
(mean normalized volume ratios of 0.0050 right, 0.0041 left).
However, in the patients having a unilateral severance, only
the left-sided patient displayed severe mammillary body
asymmetry with intracranial normalized right and left mam-
millary body volumes of 0.043 and 0.0023, respectively. In the
patient with right fornix severance, an asymmetry was not
obvious; the intracranial normalized volumes were 0.012 and
0.019, respectively. Figure 5 displays the range of mammillary
body atrophy found in our patient group.

Fig 3. Distribution of intracranial normalized control and patient mammillary body volumes.

Fig 4. Cumulative classification of intracranial normalized patient mammillary body vol-
umes according to the percentage of cases with atrophy below the control mean by using
z-scores (1-sample t tests, 1-tailed).
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Discussion
The present study shows that mammillary body shrinkage is a
very common feature in patients with colloid cysts following
surgery and seemingly much more frequent than had previ-
ously been occasionally noted. Indeed, more than half of the
patients showed abnormally (P � .05) small mammillary bod-
ies, and all patients had smaller intracranial normalized mam-
millary volumes than the control mean volume. Mammillary
body volume correlated with fornix volume, suggesting that a
common cause contributes to the atrophy in these structures.
In considering these findings, we will first briefly discuss the
advantage of the 0.8-mm-volume scan because it directly af-
fects the principal goal of the study.

The 0.8-mm volume scan was developed to optimize visu-
alization of the mammillary body landmarks. Although the
present study used a 1.0-mm-volume scan for comparison
purposes, previous MR imaging studies of the mammillary
bodies have used a variety of section thicknesses (1.0 mm,31 1.1
mm,28 1.5 mm,29,30,32, and 3.0 mm26,27). Other differences in-
cluded the use of a 3T imaging system because previous MR
imaging�based measurements of mammillary body volume
have used 1.5T systems. The increased resolution with the
0.8-mm scans (Fig 2), as well as the increased section number,
should reduce the problem of partial voluming, which limits
the accurate delineation of the structure of interest. Consistent
with these expectations was the appreciably higher intrarater
reliability for the 0.8-mm scan (in patients and controls), with
the ICC for the 0.8-mm scans sometimes being twice that of
the 1.0-mm series. Furthermore, the control estimates of
mammillary body volume were significantly larger for the
0.8-mm scan, presumably reflecting the increased likelihood
of sampling the rostral and caudal limits of the structure.

The principal goal of this study was to determine the fre-
quency and extent of mammillary body atrophy associated
with surgical removal of colloid cysts. A stereologic technique
was used to derive mammillary body volume, whereas other
studies have used planimetric techniques with patients pre-
senting with cognitive impairment30 and temporal lobe epi-
lepsy.28 Stereology is associated with high levels of reproduc-
ibility; and before measurement of the entire cohort, good45

intrarater reliability values of 0.99 for right and left structures,
by using the 0.8-mm scans, were obtained, demonstrating that
our technique was reproducible, even when applied to patients
having significant mammillary body atrophy.

Estimates of mammillary body volume from the 0.8-mm-
volume scans gave volume means for the control group of 69
mm3 (right) and 67 mm3 (left). These volumes appear com-
parable with those reported in a number of MR imaging stud-
ies using healthy subjects of approximately similar age ranges
(eg, 51.7 mm3 27; 51.4 mm3 28; right, 61 mm3; left, 55 mm3;
67.5 mm3 32) and from a postmortem study (63.5 mm3 46).
The fact that the volumes in the present study were typically
slightly higher than those in these other studies is presumably
related to the use of 0.8-mm volume scans, as discussed above.
Next, by using intracranial volume normalized data, we found
that 82% and 74% of patients with colloid cysts had volume
reductions in the right and left mammillary bodies, respec-
tively, of at least 1 SD below the control mean. It is evident that
marked mammillary body shrinkage is far more frequent than
complete severance of the fornix (unilateral or bilateral). The
precise incidence of mammillary body volume loss cannot,
however, be determined from this study because 46% of those
initially contacted did not have MR images. It is possible that
the loss of some subjects introduced a sampling bias (eg, those

Fig 5. The range of atrophy across our study population. A, Healthy mammillary bodies from a control subject. B, Mild asymmetry in a patient with a colloid cyst. C and D, Severe mammillary
body atrophy in the patient group. R indicates right; L, left.
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with the best postoperative status may have been too busy to
be scanned and/or those with the greatest cognitive deficits
may have had difficulty in responding to the invitation). Even
so, the mammillary bodies are very often atrophied in this
condition.

A subsidiary goal was to explore possible causes of mam-
millary body shrinkage. Several factors might contribute, in-
cluding the loss of fornical fibers innervating the mammillary
bodies (due to stretching by the tumor or by the surgical ap-
proach), damage to the anterior thalamic nuclei resulting in
retrograde degeneration in the mammillary bodies, and the
direct impact of the cyst or its associated raised intracranial
pressure. One informative approach to distinguish between
these possibilities would be to compare the status of structures
immediately before and after cyst-removal surgery. This ap-
proach was not, however, feasible with the current cohort be-
cause it was assembled from different centers across the
United Kingdom so that the scanning before surgery was very
variable and, in many cases, consisted of CT rather than MR
imaging.

Although the present study relied heavily on correlations,
the evidence strongly points to multiple causes of mammillary
body atrophy. First, fornix damage remains a very likely can-
didate. Previous experimental studies have shown that com-
plete unilateral fornix transection in monkeys and radical uni-
lateral hippocampal/subicular loss in a single person both
result in an approximately 50% reduction of mammillary
body volume.21 The postmortem measurements revealed that
the mammillary atrophy was principally due to the loss of
neuropil.21 Consistent with the view that fornix fiber loss con-
tributes to the atrophy in patients with colloid cysts, the pa-
tients in the present study had reduced fornix volumes39 as
well as significant correlations between the smallest fornical
cross-sectional area and the degree of mammillary body
shrinkage. Whether these effects are due to direct damage to
the fornix or the loss of temporal lobe projections cannot be
resolved here. Although the lack of significant correlations be-
tween mammillary volume and hippocampal or entorhinal
cortex volumes support the former view, there was evidence
that both the hippocampus and the entorhinal cortex were
reduced in volume. Thus, a contribution from temporal lobe
pathology cannot be excluded.

Only 3 of the 38 patients showed a complete loss of the
fornix in both hemispheres. Even so, 14 patients had right
mammillary body volumes, and 15 patients had left mammil-
lary body volumes less than half that of the control mean. In
some of these patients, the mammillary body volumes were
�25% of the control mean (7 left and 8 right). It seems, there-
fore, unlikely that these more extreme changes could reflect
the loss of fornix fibers alone, which would be expected to
produce only �50% volume reduction.21 The finding of sig-
nificant, negative correlations with ventricular volume sug-
gests that this factor, either directly or indirectly, also contrib-
utes to mammillary atrophy. One potential indirect
ventricular effect is via anterior thalamic damage (caused
more directly by the cyst). The anterior thalamic nuclei are the
principal efferent targets of the mammillary bodies,47 and
damage to these nuclei results in gliosis and neuronal death in
the mammillary bodies. Thalamic volume was not, however,
measured in the present study because this region is made up

of numerous nuclei that cannot be reliably distinguished on
MR images.

Although the present study cannot determine the precise
incidence of mammillary body shrinkage in all patients who
undergo surgery for colloid cysts, it is evident that this is a
common occurrence. Recent evidence pointing to the impor-
tance of the mammillary bodies for everyday memory13,48

highlights the need to anticipate memory problems in such
patients and to accommodate such problems. The findings
also underscore the value of developing surgical treatments
that are least likely to disrupt the fornix when removing these
tumors.

Conclusions
In summary, we found that patients with removal of a colloid
cyst from the third ventricle very commonly show mammill-
ary body shrinkage, in addition to previously recognized pa-
thology in other structures, most notably the fornix. These
mammillary body changes were not isolated to a few patients;
and unlike in other studies, the sample studied here was not
selected for known memory problems and was, therefore, not
heavily biased. Thin-sectioned MR imaging scans provided
more reliable volume estimates, due to the increased visualiza-
tion of the anatomic landmarks and the increased number of
measurements from which the volume estimate was derived.
Finally, significant correlations were found between mammil-
lary body volume and fornix volume. Although these correla-
tions point to a direct relationship between mammillary body
volume and its deafferentation, these data do not appear to
provide a full explanation of the extent of mammillary body
atrophy in all cases. It is, therefore, assumed that other factors,
including raised ventricular pressure, in this condition may
also impact the mammillary bodies, either directly or indi-
rectly. Our study shows that mammillary body atrophy is a
very common feature of this condition and needs to be con-
sidered when trying to understand how colloid cysts alter
cognition.
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