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A b s t r a c t  A 57-year -o ld  r ight-  
handed  man suffered pers is tent  pure  
verba l  amnes ia  (PPVA) and transient  
aphas ia  after left  tha lamic  infarction.  
A neuroana tomica l  s tudy with mag-  
netic resonance  imag ing  to ident i fy  
the site of  the les ion showed destruc-  
t ion o f  the internal  medul la ry  lamina  
(IML),  m a m m i l l o t h a l a m i c  tract  
(MTT),  the ventrola tera l  nucleus  
(VL) and the lower  one- th i rd  of  the 
media l  nucleus.  As  regions  cri t ical  

for PPVA are unknown,  we r ev iewed  
the cases  o f  PPVA after left tha lamic  
infarct ion repor ted  in the literature. 
These  suggest  that conf ined destruc-  
t ion of  the IML,  M T T  and V L  in the 
left  tha lamus  can p roduce  PPVA. 

K e y  w o r d s  Tha lamus  - Internal  
medu l l a ry  lamina  • 
M a m m i l l o t h a l a m i c  tract • 
Ventrolateral  nucleus  • Pers is tent  
pure verba l  amnes ia  

Introduction 

Left  anter ior  t empora l  l obec tomy  causes verbal  amnesia ,  
and t ransient  aphas ia  occurs  when tobec tomy is ex tended  
pos te r ior ly  [16, 17]. The same dis turbances  have been re- 
por ted  in assoc ia t ion  with conf ined  left  tha lamic  infarc-  
t ion [6, 18]. The regions  cri t ical  for verba l  amnes ia  in the 
left tha lamus  are, however ,  a mat ter  of  controversy.  Ex- 
amina t ion  o f  the affected structures in pers is tent  pure  ver-  
bal  amnes ia  (PPVA) is necessary  to ident i fy  the integral  
lesion that p roduces  verbal  amnesia .  We present  a case o f  
PPVA after left  tha lamic  infarct ion and rev iew other  cases 
repor ted  in the l i terature.  

Case report 

A 57-year-old right-handed man who had suffered hypertension 
for 15 years was admitted to our hospital after his speech was 
found to be incoherent and decreased. On admission, he was alert 
and cooperative. He had difficulty in recalling what had happened 
after the onset of his speech disturbance. His speech was decreased 

and difficult to understand, being filled with circumlocutions, 
word-finding difficulty, and frequent semantic paraphasias, but 
fluent in terms of normal prosody and grammatical form. Visual 
naming was severely impaired, only one of ten objects presented 
being correctly named. Verbal repetition was normal. Aural and 
reading comprehension were slightly impaired. He could recall 
four digits backward, but could not recall any of five objects after 
1 min. Physical examinations revealed no abnormality except for 
hypaesthesia of the right lower limb. Magnetic resonance imaging 
(MRI) of the brain on admission revealed left thalamic infarction. 

Neuropsychological study 

Results of the Standard Language Test of Aphasia (STLA) given 
on the 10th day after admission indicated that his auditory com- 
prehension (90% correct), naming (65% correct), writing (75% 
correct), calculation (55% correct) and reading (95% correct) were 
impaired. 

His aphasia gradually lessened, his scores on the STLA 2 
months after the stroke being almost normal. On the Wechsler 
Adult Intelligence Scale Revised (WAIS-R, Japanese version) 3 
months after admission, he had a Verbal IQ of 120 and a perfor- 
mance IQ of 109; a total IQ score of 116. The indexes of the West- 
ern Aphasia Battery (Japanese version) at 3 months were normal 
(fluency, 10; auditory comprehension, 9.95; repetition, 10; nam- 
ing, 9.4; aphasia quotient, 98.7). Results of the Wechsler Memory 
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Table 1 Scores on the Wechsler Memory Scale Revised (Japanese version) 3, 5 and 10 months after our patient's stroke 

Subject 3 months 5 months l0 months 

Index score Raw score Index score Raw score Index score Raw score 

Information and orientation questions 

Attention and concentration 114 
Mental control 
Digit span 
Visual memory span 

Verbal memory 78 
Logical memory I 
Verbal paired associates I 

Visual memory 93 
Figural memory 
Visual paired associates I 
Visual reproduction I 

General memory 81 

Delayed memory 79 
Logical memory II 
Visual paired associates II 
Verbal paired associates II 
Visual reproduction II 

13 13 14 

124 114 
4 4 4 

16 19 15 
17 20 20 

75 94 
16 15 21 
l0 9 16 

104 123 

6 6 8 
5 4 16 

32 39 35 

84 104 

89 103 
6 10 14 
1 2 6 
3 3 5 

32 35 35 

Scale Revised (WMS-R, Japanese version) at 3 months indicated 
amnesia for verbal material, which was accompanied by mild vi- 
sual memory impairment (Table 1). He could recall his birthday, 
birthplace, his two wedding days, all the recent prime ministers 
of Japan, and the date of the end of the Second World War. He 
correctly reported his personal history, which indicated no gross 
deficit in remote memory function. Index scores of the WMS-R at 
5 months showed no change of his verbal amnesia, despite im- 
provement of visual memory (Table 1). Seven months after the 
stroke, he returned to work. Although his wife felt that he was 
closer to his ususal activity, he often complained of his momory 
deficits. Index scores of the WMS-R at 10 months showed that his 
memory deficit was clearly confined to verbal material (Table 1). 
Neuropsychological findings at this stage reflected PPVA. 

Neuroradiological study 

We identified the site of the lesion in our patient by the method of 
Mori et al. [18], and MRI was performed 4 months after the stroke. 
Coronal sections, perpendicular to the foramen of the Monro-pos- 
terior commissure line, were made at thickness of 3 mm with no 
slice gap (Fig. 1), Projection of each MRI plane on the appropriate 
Andrew and Watkins atlas [1] showed that the structures involved 
were the internal medullary lamina (IML), mammillothalamic tract 
(MTT), ventrolateral nucleus (VL) and the lower one-third of the 
medial nucleus (MN) (Fig. 2). 

Discussion 

Although our patient experienced thalamic aphasia imme-  
diately after his stroke, isolated verbal memory  loss per- 
sistend in the absence of consciousness  disturbance,  apha- 
sia and dement ia  in the chronic stage, as his index score of 

verbal memory  (94) on the W M S - R  at 10 months  was 
markedly decreased in contrast to his scores for visual  
memory  (123) on the W M S - R  and total IQ (116) on the 
WAIS-R. His condi t ion at 10 months  therefore was cate- 
gorized as PPVA. 

To ascertain the min ima l  lesion that produces PPVA, 
we evaluated the patient 's  neuroradiological  f indings and 
those reported in the literature for five cases of PPVA with 
confined left thalamic infarction, in which at least PPVA 
had been  proved by neuropsychological  examinat ions and 
for which detailed topographical analyses were provided. 
These were case 1 reported by Ino et al. [11], cases 1 and 
3 reported by Pepin and Auray-Pepin  [22], the case re- 
ported by Goldenberg et al. [6] (handedness not shown), 
the case reported by Mori  et al. [18], and our case. [We 
excluded the case reported by Mennemeie r  et al. [15] be- 
cause their patient was left-handed and her memory  quo- 
tient (100) was not  markedly decreased in comparison 
with her verbal  IQ (102)]. The common  structures in 
which there were lesions in these six cases were the IML, 
M T T  and VL. There was wide variation in the degree of 
damage to the anterior nucleus (AN) and MN. The AN 
was spared in four cases (those reported by Mori  et al., 
Ino et al., Goldenberg et al., and our case), and was par- 
tially involved in two cases (cases 1 and 3 reported by 
Pepin and Auray-Pepin) .  The MN was affected only mini-  
mal ly  in one case (that reported by Mori  et al.), partially 
in five cases (those reported by Ino et al., Goldenberg et 
al., cases 1 and 3 reported by Pepin and Auray-Pepin,  and 
our case). The term "global amnesia"  implies memory  ira- 
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Fig. 1 Left coronal MRI sec- 
tions showing the lesion in our 
patient. Numbers at the left of 
each section are the distance in 
millimetres form the foramen 
of Monro (1.5 T, TR : 3500, 
TE : 102) 

pairment for both verbal and visual materials, and "amne- 
sia" for either verbal or visual material, or both in the fol- 
lowing. 

The IML is the pathway presumed to be closely related 
to amnesia [5, 9, 13, 22], and the existence of the IML has 
been confirmed in the monkey, but not in humans [9, 11]. 
The fibres which connect with the dorsomedial nucleus 
(DM) or intralaminar nuclei pass through the IML [5, 9, 
13, 18, 22]. The DM has extensive connections with the 
hippocampus, the insula cortex and the temporal cortex, 
as well as bidirectional ones with the prefrontal cortex, 
the amygdala, the cingular cortex and the orbitofrontal 
cortex [5, 9, 13, 18, 19, 22, 24]. The intralaminar nuclei 
have afferent connections with the superior colliculus, the 
limbic system and the mesencephalic reticular formation, 
as well as efferent connections with the striatum and neo- 
cortex, and bidirectional ones with the cortex diffusely. 
These connections may be important for activating the 
verbal memory process, as suggested by previous reports 

[18, 22]. Damage to the IML should disrupt these connec- 
tions and interactions. Nichelli et al. [19] considered thala- 
mic amnesia to be a disconnection syndrome between the 
frontal and temporal lobes. Unlike the IML, the DM is not 
a probable critical region in thalamic amnesia as a number 
of reports have shown [5, 11-13, 18, 22] 

The MTT is a component of Papez's circuit which con- 
nects the mammillary body with the AN, and disruption of 
this circuit produces persistent amnesia [5, 9, 11-13, 18, 19, 
22]. As reported in the literature, thalamic infarction with- 
out involvement of the MTT does not produce significant 
amnesia [5, 9, 12]. Because the degree of damage to the 
AN in the six cases reviewed varied and there has been no 
report of an isolated AN lesion producing persistent amne- 
sia [13], the AN is not the likely critical structure [5]. In 
thalamic amnesia, the fibres (IML, MTT) appear to be more 
important than the nuclear mass (DM, AN) [5, 11, 13]. 

The VL is connected reciprocally with the motor and 
premotor cortexes [5, 14]. Efferent projections from the 
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Fig. 2 Projections of  the lesion 
on the atlas of  Andrew and 
Watkins [1]. Numbers are the 
same as in Fig. 1 A. anterior 
nucleus, Am. amygdalum, 
C. caudate nucleus, C.C. cor- 
pus callosum, Ce. m., centro- 
medianum, C.I. capsula intema, 
C. Mare. corpus mammillare, 
C. N. R. capsular nuclei rubri, 
D. ira. dorso-intermedius, 
D. s f  dorsalis superificialis, 
F.C. fornix body, F. M. T. fas- 
ciculus mammillo-thalamicus, 
G.P. 1 globus pallidus, crus 1, 
G. P. 2 globus pallidus, crus 2, 
H. 1 dorsal tegmental area, 
H. 2 ventral tegmental area, 
L. lateral mass of thalamus, 
Lain. internal medullary lamina 
of thalamus, M. medial mass of 
thalamus, N. R. nucleus ruber, 
N. Sub. nucleus subthalamicns 
of  Luys, O. e. oralis externus, 
O.i. oralis internus, P. pulvinar, 
P f  . parafascicularis, Ps. P pes 
pedunculi, Put. putamen, S.N. 
substantia nigra, T.O. tractus 
opticus, V. c. e. ventro-caudalis 
externus, V. c. i. ventro-caudalis 
intemus, V.c.p .c .  ventro- 
caudalis parvo-cellularis, V. ira. 
ventro-intermedius, Vent. Lat. 
ventriculus lateralis, Z.I. zona 
incerta, IlI third ventricle 
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VL to these cortexes are mediated by the mesencephalic 
reticular formation and medial thalamic frontocortical 
system, the latter receiving projections from the frontal 
cortex [14]. The VL also receives afferent projections 
from the globus pallidus and cerebellum [14]. Because of 
this complicated network, the VL is considered to be the 
relay nucleus between the motor control system and the 
neocortex [14]. The importance of the role of the VL in 
thalamic aphasia and amnesia has been well discussed [2, 
4, 11, 14, 18, 20]. Ojemann et al. [20, 21] found that elec- 
tric stimulation of the VL facilitated recording of verbal 
information, caused deterioration of retrieval of verbal 
memories, and disturbed object naming. Thalamic aphasia 
is often accompanied by amnesia [2, 6, 18, 22], suggest- 
ing that the VL may be involved in both aphasia and am- 
nesia. 

Although Mennemeier et al. [15] insisted that inatten- 
tion contributes to thalamic amnesia to some degree, ordi- 

nary neuropsychological examinations of PPVA cases 
have shown no disturbance of attention, which suggests 
that inattention is not the main factor in PPVA [18, 22, 
26]. 

Mori et al. [18] regarded thalamic aphasia as a part of 
defective memory processing of verbal material. PPVA, 
however, is characterized primarily by a learning diffi- 
culty for verbal material with mild disturbances of reten- 
tion and few retrieval problems; therefore the main PPVA 
disturbance is in registration [ 11, 13, 18, 22]. In contrast, 
thalamic aphasia is constituted mainly of word-finding 
difficulty, which is commonly recognized as a defect in 
retrieval [4, 6, 10, 18]. Moreover, verbal amnesia tends to 
persist even when thalamic aphasia has been considerably 
reduced [6, 10, 18]. The discrepancies in the characteris- 
tics of and recovery from thalamic aphasia and thalamic 
amnesia suggest that neither are solely of neuropsycho- 
logical origin. 
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Graff-Radford et al. {9] considered that simultaneous 
damage to isolated structures does not produce signifi- 
cant amnesia because certain memory  systems compen- 
sate for each other; they concluded that damage to partic- 
ular structures is required to produce amnesia. Our clini- 
coanatomical analysis of  the cases reported in the litera- 
ture suggests that the IML, MTT and VL are the basic 
structures which, when damaged, produce PPVA. We 
speculate that the mechanism that produces PPVA is one 
in which disruptions of the connections between the IML, 
MTT and VL, and the extensive cerebral regions lead to 
the interception of signals for the interactions and activa- 
tion of the verbal memory process. This must be distin- 
guished from nonspecific attention. That extensive cere- 
bral regions are connected to each other through the thal- 
amus suggests that the left thalamus may be the relay sta- 
tion of signals for verbal memory  rather than the centre 
playing a very direct role in verbal memory. 

The structures involved in global amnesia cases after 
confined left thalamic infarction have been examined in 
detail by Hirono et al. [10] (accompanied by minimal 
thalamic aphasia) and Gorelick et al. [7]. (We excluded 
the case reported by Bogousslavsky et al. [4] because it 
involved haemorrhagic infarction that may have affected 
the MTT and there were many  metastases in the liver 
due to breast cancer.) The area of  overlap in two cases 
also was the 1ML, MTT and VL. In the case reported by 
Hirono et al. there was damage to the IML, MTT and VL 
but the MN was scarcely affected. In the case reported by 
Gorelick et al. the involved structures were the IML, 
MTT, VL, AN and a part of the MN. We could not pin- 
point the differences in the affected structures in verbal 
and global amnesia. In the cases of global amnesia, the 
patients (both aged 71 years) were significantly older than 
those with verbal amnesia (aged 40, 41, 47, 51, and 68 
years). In addition to the disparity in age, MRI showed 
moderate to severe cerebral atrophy in the cases reported 
by Hirono et al. and Gorelick et al., and multiple cerebral 

infarction in the case reported by Hirono et al. In none of 
the reported cases have detailed neuropsychological ex- 
aminations shown PPVA after right or bilateral thalamic 
infarction [8, 9, 22, 24]. 

Of the cases reviewed here, the complication of aphasia 
was noted in the acute stage in the cases reported by Mori 
et at., Goldenberg et al., and Hirono et al. and in our case. 
In the cases reported by Sandson et al. [23] and Stuss et al. 
[25] there was persistent verbal amnesia, word-finding dif- 
fculty and mild attentional impairment, but no disturbance 
of general intelligence and visual memory after left thala- 
mic infarction. In the case reported by Sandson et al., the 
IML, MTT, and parts of the VL and DM were affected, and 
in the case reported by Stuss et al., the AN was involved 
along with the aforementioned affected structures. We 
could not find a sharp distinction between the structures af- 
fected in the patients with and without aphasia. Although 
involvement of the VL is known to contribute to thalamic 
aphasia [2, 4, 14], obvious destruction of the VL did not 
produce aphasia in the cases reproted by Ino et al. and by 
Gorelick et al., or in case 1 reported by Pepin et al. Results 
of our analysis of thalamic amnesia cases do not show a 
marked correlation between transient aphasia and VL. 

We conclude that confined destruction of the IML, 
MTT and VL in the left thalamus can produce PPVA and 
that the complications of advanced age, multiple cerebral 
infarction, and/or cerebral atrophy in addition to the IML, 
MTT and VL, or more extensive lesions than those in the 
cases reviewed may cause global amnesia, dementia, inat- 
tention and cognitive disturbances [2, 5, 8, 11]. Recently 
Baron et al. [3] reported a correlation between neuropsy- 
chological impairment after unilateral thalamic lesion and 
cortical hypometabolism. Thalamic aphasia may be corre- 
lated with cortical hypometabolism rather than the extent 
of the lesion. Further analysis of  the relationships of  the 
structures affected to neuropsychological impairment and 
cortical metabolism is necessary to elucidate the mecha- 
nism of PPVA after left thalamic infarction. 
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