Retrograde Amnesia: Possible Role of

Mesencephalic Reticular Activation in Long-Term Memory

Abstract. A patient with cerebral trauma recovered considerably from the resul!-
ing anterograde but not retrograde amnesia. The persistence af retrograde amnesia
iv attributed o a lesion in the ventral tegmental region, which suggests a role for

mesencephalic reticular activation in long-term retrieval,

Two types of memory deficits are
commenly identified: anterograde amne-
sia (AA), an inability to learn and retain
new information after the onset of pa-
thology; and retrograde amnesia (RA),
an inability to retrieve information ac-
quired prior to the onset of pathology,
usually involving loss of remote memory
(1), Parallel recovery from AA and RA is
a common clinical finding (2), as is RA
recovering first with AA recovering later
or not at all (3).

Double dissociation between the two
types of amnesia and the presence of RA
without AA have been described ([, 4),
but cases are rare and sparsely docu-
mented. We now report a case of consid-
erable recovery from AA but not BA,
which may offer insights into mecha-
nisms of long-term retrieval.

A 36-year-old, right-handed, college-
educated male had an open skull fracture
in the right parieto-occipital and tempo-
ral areas and herniation of the right hemi-
sphere with compression of the left mes-
encephalon at the tentorial notch. In
surgery, a small portion of macerated
brain was removed, the dural laceration
was sewn over, and the bone-plate re-
placed. Six weeks later, a ventriculoatri-
al shunt was performed. There was he-
miparesis with spasticity of the distal
upper right extremity, a right Babinski’s

sign, and a left superior guadrantanop-
sidg. The patient was disoriented, his

speech anomic and agrammatic. There
was profound AA: his recall of seeing a
person did not exceed 2 to 3 minutes,
and his ability to retain names was still
shorter. There was also profound RA.
The patient maintained that he was 16 to
18 years old and mentioned his parents’
address as his residence. He revealed no
knowledge of his subsequent life history,
his marriage, children, or past employ-
ment. His command of general informa-
tion was equally impaired.

During the 2-year course of recovery
the patient became fully oriented; lin-
guistic and motor deficits virtually disap-
peared, but the quadrantanopsia re-
mained. Recent memory was improving.
A continuity of experience became pos-
sible; he could keep track of weekly and
monthly events and retain information
from newspapers and television. There
was no parallel recovery from the 20-
year deep RA. The patient’s past history
was reconstructed for him, but lacked a
sense of authenticity. Command of gen-
eral information did not improve beyond
what he had been taught during this time;
he could not answer questions like,
“Who wrote Hamlet?" or “"What is the
capital of France?"'

Table 1 summarizes the patient’s per-

formance on tests of memoryover a 1.5-
year period, Tasks.of recent memory—
the Wechsler Memory Scale (5), and the
Buschke Sclective Reminding Test (6)—

Fiz. 1. Computerized tomographic scan images of the mesencephalic lesion. Transverse
sections, each 5 mm thick, demonstrating the lesion extending from (a) the ventral tegmental
portion of the upper mesencephalon to (b) the ventral portion of the pontomesencephalic
junction. The patient’s left is to the reader’s left.

showed significant improvement, while
tests of remote memory—the Boston
Retrograde Amnesia Battery (7), and the
general knowledge battery (8)—did not
{except the “‘recall’” part of BRA, where
the scores were lowest). The Wechsler
memory quotient changed from 86 to
106, and the Wechsler Adult Intelligence
Scale 1Q from 86 to 105 (verbal, %0 to
112; performance, 82 to 95). Both memo-
ry and IQ are now within the normal
range and mutually consistent (9). Per-
formance on the other tests remains defi-
cient.

The patient’s performance on verbal
recognition subsections of the general
knowledge battery was inversely related
to the degree of categorical proximity
between correct and alternate choices,
Pairwise comparisons of adjacent steps
were significant ([() (Closest, 43 percent
correct;  intermediate, 58  percent;
z = 1.70, P < .05. Intermediate, 58 per-
cent: distant, 77 percent; z = 2.47,
P = .01). Such dissociation has been in-
terpreted as related to retrieval rather
than to storage (/7).

A series of computerized tomographic
(CT) examinations was performed during
the early course of recovery (in 1977 and
1978), through the use of sections § mm
thick and supplemental coronal and
overlapping sections. Findings included
moderate ventricular enlargement, a re-
gion of rarefaction in the right middle
and posterior temporal areas, and a small
region of rarefaction along the left mid-
temporal convexity. The ventricular
shunt tip was in place within the lateral
ventricle. The findings were consistent
with atrophic changes within the tempo-
ral lobes, as a result of both trauma and
SUTEEry.

Ventricular dilation (thus probable in-
creased intracranial pressure, periven-
tricular atrophy, or both) and bilateral
temporal damage (both convexital and
mesial) have been implicated in memory
deficits, but not with RA as the predomi-
pant and relatively isolated component
(127, It was concluded that the CT find-
ings could not fully account for our pa-
tient’s condition.

Since relative recovery from AA in the
presence of persistent severe RA has not
been interpreted neuroanatomically,
some speculation was necessary. Rever-
beration in cortico-thalamic-limbic loops
may constitute a crucial stage in consoli-
dation (13). It is possible that long-term
retrieval involves similar stages, but in a
reverse order. It could be hypothesized
further that, whereas in the process of
consolidation the reverberation can be
initiated by external stimulation, for re-
trieval some intrinsic reticular activation
is necessary. These ¢ -atiderations led to



Tahle 1. Performances on standardized tests
at beginning (7)) and end (T3) of a 1.5-year
interval. Scores are expressed as percentages
of maximum possible scores. One-tailed tests
of difference between two proportions with
correction for chance in the case of multiple-
choice tasks were used.

Task i T z
Wechsler Memory
Total score 537 694 T8
Buschke Selective Reminding
Total recall 3.1 915 4,67t
Long-term storage 6.0 800 555t
Long-term retrieval 2000 74.6 7.511
Consistent retrieval ] 56.2 925t
Boston Refrograde Amnesia
Recognilion 367 433 .75
Recall 1.7 30.0 2.47%
Famous faces 74 397 1.58
General knowledge battery
Verbal recall 58.3 66,7 .84
Yerbal recognition 648 593 —0.69
Wisual recognition E 285 008

P 2, P = 0001,

the decision to repeat CT studies (in May
197%) with particular attention to the
mesencephalic tegmentum, and with sec-
tions 5 mm thick.

In addition to confirming the earlier
findings, these studies revealed a narrow
band of hypodensity in the median and
left paramedian zones, extending from
the ventral tegmental portion of the up-
per mesencephalon (where the midline
was reached and crossed) caudally to the
ventral portion of the ponto-mesence-
phalic junction (Fig. 1). This was con-
firmed by coronal reconstruction.

Further analysis revealed changes in
average density within the region where
the ventral tegmental nucleus is found
and a component of the medial forebrain
bundle originates. In its caudal exten-
sion, the hypodense region probably
overlapped with the trajectory of locus
coeruleus projections into the medial
forebrain bundle. There were no abnor-
malities in dorsomedial or anterior tha-
lamic nuclei, mammillary bodies, or the
temporal stem.

The ventral tegmental area is identi-
fied with the wventral tegmental path-
way—a subdivision of the cholinergic
reticular formation projecting into limbic
structures (/4). It constitutes a major
source of the ascending portion of the
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medial forebrain bundle, which in turn
projects into the hippocampi via the me-
dial septum {/4) and into the mammillary
bodies via the mammillary peduncle (13).
The locus coeruleus projections into the
medial forebrain bundle are the major
sources of noradrenergic influences on
the septum, hippocampi, and other lim-
bic structures (/6).

In our patient, ascending reticular pro-
jections into limbic structures most often
implicated in memory (hippocampi and
mammillary bodies) seem to have been
severed, while those into the thalamus
and neoccortex were spared. That this
was the apparent cause of profound RA
in the absence of comparably severe AA
or a general arousal deficit may indicate
that "selective mesencephalic reticular
activation of limbic structures consti-
tutes a fundamental component of long-
term retrieval. The importance of such
activation has been demonstrated in ani-
mals ({7). The rarity of this pattern of
memory deficits can be attributed to the
fact that only a small lesion of precise

location can affect the above described
tegmental area without affecting sur-
rounding mesencephalic structures. 1
the mesencephalic structures are affect-
ed. the resulting impairment o the pa-
tient's overall arousal level (78) will
override a selective memaory deficit,
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