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Summary. Disturbances of visual function are not 
uncommon in Alzheimer's disease and several cases with 
complex impairment of visuospatial abilities have been 
described. For instance, posterior cortical atrophy has 
been demonstrated in cases displaying Balint's syn- 
drome as the first symptom of the dementing illness. 
Such cases showed very high lesion counts in the 
occipital cortex, as well as in visual association regions in 
the posterior parietal and posterior cingulate cortex, 
whereas the prefrontal cortex was consistently less 
severely involved than usually observed in Alzheimer's 
disease. This suggests that the distribution of the lesions 
had been shifted to specific elements of the visual 
system. In the present study, we report the quantitative 
analysis of a new case of Alzheimer's disease with 
possible Balint's syndrome and re-evaluate a case origi- 
nally described in 1945. The distribution of lesions in 
these two cases parallels previous observations of Alz- 
heimer's disease cases with early visual impairment. 
Both cases displayed very high densities of neurofibril- 
lary tangles and senile plaques in the primary visual 
cortex, secondary visual cortex, visual association areas 
of the dorsal occipital and posterior parietal lobe and in 
the posterior cingulate cortex, whereas the prefrontal 
and inferior temporal regions were comparatively less 
affected. These cases may define clinical subgroups of 
Alzheimer's disease and suggest that the breakdown of 
corticocortical projections that is known to occur in 
dementia may involve select components of specific 
functional systems in certain cases. In particular, path- 
ways that subserve motion detection and visuospatial 
analysis appear to be dramatically affected in these cases 
presenting with Balint's syndrome. Thus, Alzheimer's 
disease may be a more heterogeneous disorder than 
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previously thought, and refined neuropsychological test- 
ing as well as detailed neuropathological evaluation may 
be of value to detect possible clinical variants of this 
dementing condition. 
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In recent years, several clinical and neuropathological 
studies have demonstrated the occurrence of Alzheim- 
er's disease (AD) cases with atypical clinical presenta- 
tions. Most of these cases presented with complex and 
variable disturbances of visual function [5, 6, 17, 20, 22, 
23, 32, 35, 36]. Deficits in motion perception and target 
tracing are considered to be relatively common once 
dementia is established [26, 29, 31]. However, these 
particular cases are of special interest since visual 
symptomatology was the first clinical evidence of the 
degenerative process, preceding the memory impair- 
ment and cognitive deficits typically obserw~d in AD. In 
a clinical study evaluating a population of demented 
people, some patients exhibited a slow progression of 
the dementia along with severe visual impairment 
appearing early in the course of the disease [5]. These 
patients were characterized by complex neurological 
symptoms including alexia, anomia, agraphia, transcor- 
tical sensory aphasia, as well as Balint's and Gerstmann's 
syndromes, with a preservation of memory until late in 
the development of their illness. The cortical atrophy, as 
demonstrated by computer-assisted tomography and 
magnetic resonance imaging, was predominant in the 
parieto-occipital areas [5], and some of these cases had 
clear posterior cortical atrophy at autopsy. 

In this context, Balint's syndrome is of particular 
relevance since it has been documented in association 
with AD in several studies [6, 22, 23, 30, 38, 39]. In 
19091 Resz6 Bfilint described a complex visual syndrome 
characterized by a cortical paralysis of visual fixation 
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associated with an optic ataxia and a disturbance of 
visual a t tent ion in patients  with large bilateral parieto-  
occipital lesions [3]. Patients presenting with Balint 's 
syndrome are unable  to at tend to and keep  fixation on a 
specific point located in the peripheral  visual field 
(ocular apraxia),  they experience an inaccurate reaching 
toward a target  under  visual guidance (optic ataxia),  and 
are also unable  to see more  than one object  at a t ime,  
since only stimuli in the macular  area are seen, al though 
the global visual field is normal  (simultanagnosia).  The  
co-occurrence of A D  and Balint 's  syndrome was first 
recognized in a pat ient  repor ted  by Grfinthal  in 1928 
[19]. The  clinical symptomato logy  presented by A D  
patients  presenting with Balint 's  syndrome suggests that  
the early stages of the dement ing process may  involve 
select cortical pathways linking the pr imary  visual 
occipital regions to the poster ior  parietal  and cingulate 
visual association cortex [22, 23, 39]. 

The  pr imary  sensory and mo to r  cortical areas have 
been shown to be  less affected in the course of  A D  than 
neocort ical  association regions [1, 4, 7, 18, 20-24,  33, 
39, 43, 45]. In  part icular  the pr imary  visual (striate) 
cortex displays usually low densities of  neurofibril lary 
tangles (NFT) predominant ly  localized in layers I I  and 
III ,  whereas  the parastr ia te  and peristr iate regions are 
characterized by a not iceable and progressive increase in 
N F T  numbers  in bo th  supra- and infragranular  layers [1, 
7, 20-23,  33, 39]. Senile plaques (SP) and amyloid 
deposits are more  evenly distributed among the occipital 
areas [1, 4, 7, 20-23,  33, 39], and exhibit a clear laminar  
pa t te rn  in the pr imary  visual cortex [4, 7, 33], where 
they are concentra ted  in layer IV  and form a sharp 
band-l ike pa t te rn  at the boundary  be tween layers IV  and 
V [4, 7]. These regional and laminar  trends in lesion 
distribution suggest that  specific components  of the 
visual system are differentially affected in A D  
[7, 20, 22, 23,391. 

In  a recent survey of a large collection of human  
brains, we analyzed a series of nine cases displaying 
prominent  visual symptomato logy  as the first sign of 
menta l  decline. Eight of  these cases presented with 
typical Balint 's  syndrome [22, 23],while the last case had 
appercept ive  visual agnosia [20]. Neuropathologically,  
all these cases showed poster ior  cortical a t rophy and had 
much higher N F T a n d  SP densities in the occipital cortex 
than is usually observed in AD, whereas  the prefrontal  
areas were less affected [20, 22, 23, 39]. This suggested 
that  in these part icular  cases, A D  affected predominant -  
ly certain components  of  the visual cortical pathways 
[20, 22, 23, 39]. In  the present  study, we repor t  a neuro-  
pathological  analysis of  a new case of poster ior  cortical 
a t rophy in a pat ient  with presenile dement ia  and 
displaying some elements  of  the Balint 's  syndrome,  and 
present  a re-evaluat ion with immunohis tochemical  
methods  of a similar case briefly described in 1945 by 
Morel  [38]. The  quanti tat ive analysis of these cases is 
compared  with our  previous results on Balint 's  syn- 
drome in A D  [22, 23]. 

Case reports 

Case 1 

This patient first began to complain of visual difficulties at the age 
of 50 in 1978. At that time she saw several ophthalmologists but no 
specific abnormalities of vision could be demonstrated. In 1983, 
she was first evaluated neurologically and her persistent complaint 
at this time continued to relate to visual impairment. She could not 
read and had difficulty identifying objects. It was noted during the 
course of examination that she could identify objects when they 
were presented directly in front of her but she was unable to find an 
object in the room when asked. Her extraocular movements 
appeared to be full and her ocular examination otherwise was 
normal. Initially these symptoms were considered to be possibly 
related to hysteria. Formal neuropsychological evaluation, howev- 
er, revealed a mild general cognitive impairment with a modest 
deficit of recent memory. At that time her Cognitive Capacity 
Screening Examination (Mini-Mental Status Examination) yielded 
a score of 22/30 and it was proposed that the patient had a primary 
degenerative dementia of the Alzheimer type with an associated 
psychiatric syndrome. Additional studies included evidence for a 
mild degree of cerebral atrophy on computer-assisted tomography 
scans, and a moderate posterior slowing was present on EEG. The 
patient continued to decline and on further examination in 1986, it 
was suggested that the unusual visual deficit probably represented 
Balint's syndrome. At that time, increased abnormalities in her 
visual function were noted. Eye movements were limited to 
infrequent and rather saccadic motions without ever appearing to 
fix on any objects. The patient progressively deteriorated requiring 
nursing home placement at the age of 60. She died shortly 
thereafter in 1988 of bronchopneumonia and sepsis following an 
episode of intestinal obstruction. 

Case 2 

This patient has been reported in a brief communication by Morel 
in 1945 [38]. At the age of 55, the patient developed rapidly 
progressive visual disturbances, increasing difficulties in reading, 
and slight memory impairment. However, a series of ophthalmo- 
logical examinations performed between 1935 and 1942 showed a 
normal visual field and no alteration of both retinas. The patient 
was admitted to the psychiatric hospital in 1942, where he 
presented with memory and language impairment, and severe 
visuomotor deficits. In particular, the patient was unable to follow 
objects moving laterally or away from him, and could reach fixation 
on these objects only with great difficulty. Large objects were only 
partially perceived. Moving sight from a fixation point to another 
target resulted in a series of extremely inaccurate saccades and 
smooth pursuit ocular movements were impossible. As the patient 
rapidly became severely demented, further testing of the visual 
function was no longer tenable. The patient died in 1943 at the age 
of 64 of bronchopneumonia and acute pyelonephritis. 

Materials and methods 

The brains of cases i and 2 were obtained at autopsy and were fixed 
by immersion in a 10 % formalin solution. The clinical and 
neuropathological data were obtained from the clinical records of 
the attending physicians, the Department of Pathology, University 
of Tennessee Medical Center, Knoxville, the Department of 
Neurology, Vanderbilt University, Nashville (case 1), and the 
Department of Psychiatry, University of Geneva School of Medi- 
cine, Geneva, Switzerland (case 2). The right hemisphere was 
available from case 1 for this study, and almost the entire brain was 
obtained from case 2. In addition, the microscope slides used by 
Morel for his description of case 2 [38] were available from the 
collection of neuropathological materials at the Department of 
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Psychiatry, University of Geneva School of Medicine. This Depart- 
ment holds a collection of over 6000 human brains, and despite 
approximately 50 years of storage in formalin, materials from 
case 2 were in outstanding condition (Fig. 1). In both cases, the 
following areas were analyzed (numeration according to Brod- 
mann's nomenclature [8]): 17, 18 (primary and secondary visual 
cortex) and 19 in the occipital cortex, 7b in the posterior parietal 
cortex, 23 in the cingulate cortex, 20 in the temporal cortex, 9 in the 
prefrontal cortex, the entorhinal cortex and hippocampus. From 
each tissue block, 30-vm-thick sections were cut on a cryostat and 
stained for routine neuropathological evaluation with modified 
thioflavine S [48], modified Globus [23, 48], Bielchowsky, Holzer, 
and Campbell-Switzer-Martin [9] techniques, as well as hematox- 
ylin-eosin and cresyl violet. From each block, additional sections 
were processed with specific antibodies to the microtubule- 
associated protein tau or to the amyloid ~A4 protein. Character- 
ization and specificity of these antibodies has been fully docu- 
mented elsewhere [11, 12, 16, 28]. Briefly, 30-~tm-thick sections 
were incubated overnight at 4 ~ with the anti-tau antibody at a 
dilution of 1: 2000 or with the anti-amyloid ~A4 protein antibody at 
a dilution of 1 : 4000. Following incubation, sections were processed 
by the avid• method using a Vectastain ABC kit (Vector 
Laboratories, Burlingame, Calif.), and diaminobenzidine as a 
chromogen, and were intensified in 0.005 % osmium tetroxide. 

All the sections were systematically surveyed and lesions were 
counted using a computer-assisted image analysis system consist- 
ing of a Zeiss Axiophot photomicroscope equipped with a Zeiss 
MSP65 computer-controlled motorized stage, a high sensitivity 
MTI CCD72 video camera, a DEC 5000 workstation and Macin- 
tosh II microcomputer, and custom-designed morphometry soft- 
ware. All quantitative analyses were performed on sections stained 
with the antibodies to tau and amyloid [3A4 proteins. On each 
slide, NFT and SP were counted under five 1-mm-wide cortical 
traverses in layers I-III ,  IV-VI  separately in each area, except in 
area 17, where lesions were counted in layers I-III ,  IV, and V-VI ,  
respectively, yielding a total area for quantification of 4 mm2/cor - 
tical region. Traverses were always counted in regions where the 
tissue was cut perpendicular to the pial suface to avoid artifacts 
resulting from oblique sectioning of the cortical layers. 

Results 

T h e  n e u r o p a t h o l o g i c a l  e x a m i n a t i o n  of  t he  b ra ins  of  b o t h  
cases  r e v e a l e d  cor t i ca l  a t r o p h y  p r e d o m i n a t i n g  on  the  
p o s t e r i o r  p a r i e t a l  co r t ex  a n d  occ ip i t a l  l o b e  (Fig.  1). 
T h e r e  was no  e v i d e n c e  of  in fec t ion ,  t umor ,  la rge  
vascu la r  l es ion  o r  t r a u m a t i c  a l t e r a t i o n .  N o  a t h e r o m a -  
tous  les ion  was d e t e c t e d  in any  of  t he  m a j o r  c e r e b r a l  
vessels .  R o u t i n e  m i c r o s c o p i c  e v a l u a t i o n  s h o w e d  tha t  
b o t h  cases  c o n t a i n e d  n u m e r o u s  N F T  and  SP t h r o u g h o u t  
the  en t i r e  co r t i ca l  m a n t l e .  T h e  h i p p o c a m p a l  f o r m a t i o n ,  
inc lud ing  e n t o r h i n a l  co r t ex ,  was s eve re ly  a f f ec t ed  and  
les ion  coun t s  cons i s t en t ly  m e t  t he  c r i t e r i a  for  the  
n e u r o p a t h o l o g i c a l  d iagnos i s  o f  A D  [27]. In  add i t i on ,  
t h e r e  was no  cor t i ca l  mic ro in fa rc t ,  in p a r t i c u l a r  in t he  
p o s t e r i o r  p a r i e t a l  a n d  occ ip i t a l  r eg ions .  I n  t he  n e o c o r t e x  
of  b o t h  cases ,  t he  d i s t r i bu t i on  of  N F T  and  SP was 
qua l i t a t i ve ly  c o m p a r a b l e  to  p r e v i o u s  de sc r i p t i ons  of  
les ion  l oca l i z a t i on  in A D  [1, 4, 7, 2 0 - 2 4 ,  33, 43, 45]. I n  
pa r t i cu la r ,  t he  d i s t r i b u t i o n  o f  N F T  and  SP was qua l i t a -  
t ive ly  s imi la r  to  tha t  r e p o r t e d  in t he  d e t a i l e d  s tudy  by  
B r a a k  and  c o l l a b o r a t o r s  [7], (Figs .  1, 2). I n  n e o c o r t i c a l  
a s soc i a t i on  a reas ,  N F T  and  SP e x h i b i t e d  a b i l a m i n a r  
d i s t r i b u t i o n  and  were  m o r e  n u m e r o u s  in layers  I I ,  I I I , V  
and  VI .  SP t e n d e d  to  b e  m o r e  f r e q u e n t  in t he  supra -  

Fig. L Lateral view of the right hemisphere of case 2. Note the 
generalized cortical atrophy and the severe involvement of the 
occipital lobe (arrowheads). A view of the medial aspect of the left 
hemisphere of this case showing a comparable posterior cortical 
atrophy can be found in [38]. Scale bar = 2 cm 

Table 1. Neurofibrillary tangle (NFT) counts in the neocortex of 
cases 1 and 2 

Area Case 1 Case 2 

17 
Layers I-III  80.6 • 4.2 16.7 • 1.9 

IV 7.2 + 1.0 - 
V-VI  35.4 + 2.2 9.7 + 0.9 

18 
Layers I-III  150.6 _+ 7.2 43.2 +_ 2.9 

IV-VI  203.8 + 9.3 50.6 + 3.1 

19 
Layers I-III  239.2 + 9.7 47.8 + 3.0 

IV-VI  265.0 • 6.9 55.2 _+ 2.6 

7b 
Layers I-III  219.8 +_ 11.4 89.8 +_ 3.3 

IV-VI  243.4 + 14.7 85.(I + 2.2 

23 
Layers I-III  299.2 + 6.3 52.4 + 2.5 

IV-VI  292.2 • 5.4 56.2 • 2.0 

20 
Layers I-III  162.4 • 10.t 34.6 • 1.7 

IV-VI  216.0 • 4.3 40.8 + 1.6 

9 
Layers I-III  47.0 • 4.3 33.4 _+ 1.8 

IV-VI  83.8 • 3.7 48.(1 + 2.6 

The results represent means • SEM and are expressed as NFT 
counts per mm of cortical traverse. Note the high NFT densities 
in the primary and secondary visual cortex in both cases. No 
NFT was detected in layer IV of area 17 in case 2. Also, NFT 
densities are higher in areas 19, 7b, and 23, whereas area 20 is 
relatively less affected. Area 9 shows a low NFT density in 
comparison to visual association regions. Areas are numbered 
according to Brodmann's nomenclature. Layers are indicated by 
Roman numerals. See text for details 

g r a n u l a r  l ayers ,  w h e r e a s  t he  i n f r a g r a n u l a r  layers  h a d  
h ighe r  N F T  dens i t ies .  I n  t he  p r i m a r y  and  s e c o n d a r y  
v isua l  co r t ex ,  however ,  N F T  p r e d o m i n a t e d  in l aye r  I I I  
and  SP were  equa l ly  r e p r e s e n t e d  in layers  I I  to  IV. 
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Fig. 2A-E Distribution of neurofibrillary tangles (NFT) in the 
cerebral cortex of case 1. A Area 17 (primary visual cortex); note 
the very high NFTdensity. B Area 18 (secondary visual cortex). C 
Area 19 (dorsal occipital association cortex). D Area 7b (posterior 
parietal cortex). E Area 23 (posterior cingulate cortex). F Area 9 
(prefrontal cortex). There is a progressive increase in NFT counts 

from area 18 to areas 7b and 23, whereas area 9 contains 
comparatively a lower NFT density. Note the very high density of 
neuropil threads in all of the areas, except area 9. Materials were 
stained with the antibody to the protein tau. S c a l e  b a r  = 

100 ~m 

Quant i ta t ively,  the  densit ies and dis t r ibut ion of  N F T  
and  SP in these  two cases were  globally comparab le  to 
our  prev ious  findings in A D  cases with Bal int ' s  syn- 
d r o m e  [22, 23, 39]. A l t h o u g h  there  were  large differ- 
ences in N F T  counts  be tween  cases 1 and 2, similar 
t rends  in N F T  dis tr ibut ion and  counts  were  obse rved  in 

bo th  cases. For  instance in bo th  cases, area 17 con ta ined  
a high densi ty  of  N F T  (Table 1; Fig. 2A).  There  was a 
clear increase in N F T d e n s i t y  f r o m  area 17 to the  dorsal ly 
loca ted  visual associat ion regions in the  par ie ta l  cor tex,  
as well as in the pos te r io r  cingulate  cortex.  The  n u m b e r  
o f  N F T w a s  a lmost  twice as high in area 18 as in area 17, 
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Fig. 3A-F. Distribution of senile plaques (SP) in the cerebral 
cortex. A Area 17 (primary visual cortex). B Area 18 (secondary 
visual cortex). 12 Area 19 (dorsal occipital association cortex). D 
Area 7b (posterior parietal cortex). E Area 23 (posterior cingulate 
cortex). F Area 20 (inferior temporal cortex). Note the very high 
SP densities in areas 18, 19, 7b and 23, whereas area 20 contains a 

relatively lower SP density. The well-defined band of SP at the 
bottom of panel (A) represents layer IVC of area 17 (see also 
[4, 7]). Materials were stained with the antibody to the amyloid 
13A4 protein. Microphotographs were all from case 1, except for 
areas 17 and 18 (A,B) which were obtained from case 2. Scale 
bar = 100 ~m 

and in b o t h  cases a fu r the r  increase was obse rved  in 
areas 19, 7b and 23 (Table 1, Fig. 2 B - E ) .  These  progres-  
sive increases in N F T  counts  were  presen t  in b o t h  the  
supragranula r  and the  inf ragranular  layers. A r e a s  19, 7b 
and 23 had  comparab l e  NFTdens i t i e s  in case 1, whereas  

area  7b was the  mos t  severely af fec ted  region in case 2 
(Table 1). Interest ingly,  the  visual associat ion region 
loca ted  in area  20 in the  inferior  t empora l  cor tex,  
displayed lower  N F T  densit ies than  areas 19, 7b and 23 
(Table 1). I n  fact,  in b o t h  cases, area 20 had  N F T c o u n t s  
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comparable  to those observed in the secondary visual 
cortex (area 18). Also,  area 9 in the prefrontal  cortex 
showed fewer N F T  than the occipital, parietal  and 
poster ior  cingulate regions (Table 1; Fig. 2F). In  case 1, 
area 17 had 1.7-fold more  N F T  in layers I to I I I  than area 
9, and 2.4-fold more  in l aye r sVand  VI.  Similarly, in area 
18 these differences with area 9 were 3.2-fold more  N F T  
in layers I to I I I  and 2.4-fold more  in l aye r sVand  V I . T h e  
most  striking differences in NFTcoun t s  with area 9 were 
observed in areas 19, 7b and 23, where  they reached up 
to 6.4-fold in layers I to I I I  and 3.5-fold in layersV and V I  
in area 23. In  case 1, area 20 also had more  N F T  than 
area 9 with differences of  3.5-fold in layers I to I I I  and 
2.6-fold in layers V and VI.  In  case 2, areas 9 and 20 
displayed comparab le  N F T  counts,  and al though areas 
19 and 23 contained more  N F T  than area 9, the only 
notable  differences were seen in area 7b which had 
2.7-fold more  N F T  than area 9 in layers I to I I I ,  and 
1.8-fold more  in l ayersV and VI.  I t  should be  no ted  that  
a comparab le  progressive increase in N F T  density in 
areas 17, 18 and 19 was repor ted  by Morel  in his 
evaluation of case 2 [38]. Finally, all cortical regions 
except  area 9 contained very high densities of  neuropil  
threads and dystrophic profiles that  were stained by the 
ant ibody to the microtubule-associated protein tau 
(Fig. 2). 

Table 2. Senile plaque (SP) counts in the neocortex of cases 1 and 2 

Area Case 1 Case 2 

17 
Layers I-III 58.4 _+ 3.3 77.2 + 3.8 

IV 70.0 _+ 3.4 45.8 + 2.2 
V-VI 12.4 + 1.9 55.2 + 3.3 

18 
Layers I-III  109.0 _+ 4.2 101.6 + 3.3 

IV-VI 55.0 _ 3.6 69.1 _+ 3.1 

19 
Layers I-III 160.2 _+ 7.1 113.0 _+ 6.8 

IV-VI 102.4 + 3.9 73.4 + 2.3 

7b 
Layers I-III  164.2 + 6.2 121.4 + 4.2 

IV-VI 131.4 + 8.2 59.4 + 3.4 

23 
Layers I-III 180.4 + 4.0 129.0 + 3.7 

IV-VI 107.2 + 3.8 51.8 + 2.6 

20 
Layers I-III 128.8 + 7.3 76.6 + 1.5 

IV-VI 64.2 + 3.3 55.2 + 1.7 

9 
Layers I-III 128.0 + 7.3 67.6 + 2.1 

IV-VI 74.6 + 4.2 42.6 + 3.8 

The results represent means + SEM and are expressed as SP 
counts per mm of cortical traverse. Note the high SP densities 
in the primary and association visual cortex in both cases. There 
are also more SP in the dorsally located visual association re- 
gions in areas 19 and 7b and in the posterior cingulate cortex 
than in area 20 in the temporal lobe and area 9 in the frontal 
lobe. Areas are numbered according to Brodmann's nomencla- 
ture. Layers are indicated by Roman numerals. See text for de- 
tails 

SP distribution also demonst ra ted  progressive density 
increases f rom area 17 toward areas 19, 7b and 23, in 
bo th  cases (Fig. 3 A - E ) .  Case 1 exhibited overall higher 
SP densities than case 2, except in area 17 where 
comparable  counts were found in the two cases. In  
case 1, area 18 contained about  twice as many  SP as area 
17 in layers I to I I I ,  and fur ther  increases were noted  
with areas 19 and 7b having comparable  SP numbers  
(Table 2; Fig. 3 B - D ) .  Layers  I to III  of area 23 were 
character ized by very high SP densities (Table2;  
Fig. 3E). A similar t rend in SP distribution was found in 
case 2, where layers I to I I I  of area 23 also contained the 
highest SP counts. Comparab le  increases in SP density 
were observed in the infragranular  layers in the same 
regions (Table 2). In  both  cases, areas 9 and 20 had 
comparable  SP densities in the supragranular  and infra- 
granular layers. Also, there were fewer SP in these areas 
than in area 18 in case 2, and in areas 19, 7b and 23 in 
both  cases (Table 2; Fig. 3F). In  addition, case 2 dis- 
played similar SP numbers  in area 17 as in areas 9 and 20, 
whereas  lower values were observed in area 17 of case 
1. 

Discussion 

The analysis of  these two cases of  A D  with Balint 's 
syndrome confirm and extend our  previous observations 
on similar cases [20, 22, 23, 39]. Both cases 1 and 2 had 
large numbers  of lesions not only in the pr imary  and 
secondary visual areas, but  also in visual association 
areas 19, 7b and 23. In addition, both  cases displayed 
much higher lesion densities in visual areas than is 
usually observed in AD,  as compared  to data repor ted  in 
quanti tat ive analyses of  A D  cases [20-24, 33, 45]. Dif- 
ferences in N F T  counts be tween cases 1 and 2 may be 
related to the fact that  case 2 was kept  in storage for 
about  50 years resulting in partial  loss of  immunoreac-  
tivity to certain epi topes,  despite an apparent  excellent 
preservat ion of the materials.  However,  case 2 still had 
higher N F T  densities than previously documented  A D  
cases in the pr imary  and secondary visual cortex. For 
instance, Lewis and colleagues repor ted  a mean  of 0.9 
N F T  per  250-~m-wide cortical traverse across all layers 
in area 17, and a mean  of 19.7 N F T  in area 18 [33]. 
Similarly, mean  values of 3.1 N F T  per  m m  of cortical 
traverse in area 17, and 38.7 N F T  in area 18 across all 
layers were inferred f rom the study of H o f  and Morrison 
[21]. In addition, the present  cases had generally more  
SP than was previously documented  in A D  patients  with 
Balint 's  syndrome [22, 23, 39]. A possible explanat ion 
for this discrepancy is that  previous analyses were 
pe r fo rmed  on materials  stained with an argentic impreg- 
nat ion which may  be less reliable than immunohis to-  
chemistry for SP detect ion [48]. The  present  results 
confirm that  regions located in the dorsal aspect of the 
occipital lobe,  the poster ior  parietal ,  and the poster ior  
cingulate cortex are more  severely affected in this 
subgroup of  demen ted  pat ients  than is usually seen in 
AD. The  preferential  distribution of N F T a n d  SP in these 
areas could represent  a displacement of the regional 



lesion localization typically seen in AD, since areas 9 and 
20 that are known to be dramatically affected in AD, 
appear to be less involved in these cases with Balint's 
syndrome than in demented cases without visual symp- 
tomatology. These observations also parallel recent 
clinicopathological analyses, showing a dramatic 
involvement of the occipital and parietal regions and 
fewer changes in the frontal cortex in patients presenting 
with either all of the features of Balint's syndrome [6] or 
elements of Balint's syndrome combined with other 
complex visual disturbances [32]. 

The functional implications of the atypical lesion 
localization and densities observed in AD cases with 
posterior cortical atrophy can be appreciated in consi- 
dering the distribution of corticocortical pathways 
between the different visual areas in the occipital, 
parietal and temporal neocortex. Studies of the maca- 
que monkey neocortex have demonstrated that the 
visual system consists of two major separate compo- 
nents: a pathway linking the primary visual cortex to the 
inferior temporal cortex that is primarily responsible for 
form and color detection, and a pathway linking the 
primary visual cortex with the posterior parietal cortex 
that subserves visuospatial functions and motion analy- 
sis [13, 15, 34, 37, 50, 54]. Assuming that visual func- 
tion is distributed in a similar fashion onto specific 
connections in the human visual system, then the degree 
to which the distribution of the pathological changes in 
the AD cases with Balint's syndrome reflects a specific 
visual disconnection can be interpreted in comparison to 
the available data on corticocortical connections in 
monkey visual areas. Connection-tracing studies in the 
monkey neocortex have revealed that forward projec- 
tions ascend a hierarchical system of connections pro- 
ceeding from areas closer to the primary sensory input to 
more distant areas [e.g.,V1 (area 17) toV2 (area 18),V2 
toV3 and V4 (possible equivalents of area 19), and from 
there to association areas in the parietal, temporal and 
posterior cingulate cortex] [15, 44, 46, 49, 54]. Forward 
projections originate mostly from layer III pyramidal 
neurons and terminate primarily in layers III and IV. 
Feedback projections travel in the reverse direction in 
the hierarchical scheme, originate from pyramidal neu- 
rons in layers III, V and to a lesser degree VI, and 
terminate in layers I, II, V and VI [15, 49]. 

The distribution of pathological changes in the AD 
cases with Balint's syndrome suggests that along with an 
increased number of lesions in the primary visual cortex, 
these cases display a severe and specific disconnection of 
the projection between the primary visual cortex and the 
regions located in the posterior parietal cortex, whereas 
the pathway to the inferior temporal cortex is not more 
damaged than is usually observed in AD [20, 22, 23, 39]. 
In this context it is also interesting to note that in a case 
of AD presenting with an apperceptive visual agnosia as 
the first symptom of the dementing process, we found 
increased NFT and SP densities in the inferior temporal 
cortex, while the posterior parietal cortex was relatively 
spared [20]. Furthermore, the severe involvement of the 
posterior cingulate cortex in the cases with Balint's 
syndrome is of particular interest, since this cortical area 
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constitutes a major component of the visuomotor system 
[40-42]. It is connected to the posterior parietal and 
dorsal occipital regions as well as to the hippocampal 
formation [2, 40-42, 51]. Neurons in the posterior cin- 
gulate region respond to specific eye position in the orbit 
and are phasically active during saccadic movements 
[40-42]. The anatomic position of the posterior cingu- 
late cortex between the hippocampal formation and the 
regions of neocortex involved in visuospatial tasks 
suggests that it plays a key role in visuospatial cognition 
[40, 42]. In addition, recent studies have shown that the 
posterior cingulate cortex is affected relatiively late in 
the progression of AD and exhibits a great variability 
across cases in lesion densities [52, 53]. Thus, the early 
involvement of this cortical region may represent a key 
factor in the development of visuomotor disturbances in 
dementia. The notion that the involvement of the 
occipital, posterior parietal and posterior cingulate 
regions occurred early in the course of the disease in the 
cases with Balint's syndrome is also supported by the 
fact that the prefrontal cortex of these cases had fewer 
lesions than is usually observed in AD. In addition, the 
inferior temporal cortex and hippocampal formation 
had lesion densities comparable to those observed in 
AD cases. 

It has been proposed that in AD a certain number of 
SP may originate from axonal fibers and terminals from 
neurons that contain NFT [21, 23, 24, 33, 43, 45]. 
According to this scheme, the distribution of NFT and 
SP in the cases with Balint's syndrome suggests that 
many specific elements of these cortical circuits are 
profoundly disrupted. For instance, the heightened 
density of NFT in layer III of area 17 in these cases 
indicates that the projection to area 18 is affected. The 
high density of NFT in layer III of area 18 suggests that 
the forward projections to dorsal area 19, and to area 7b 
are affected in the cases with Balint's syndrome. In 
addition, the high density of NFT in layers V and VI of 
area 18 suggests that the feedback projection to 17 is also 
disrupted. The disruption of this projection that termi- 
nates in both supra- and infragranular layers may explain 
the large SP counts in all layers of area 17 in the cases 
with Balint's syndrome. The increase in SP density in 
area 18 may reflect the involvement of terminals from 
feedback corticocortical projections from area 19, as 
well as forward projections from area 17. Finally, the 
very high SP number in posterior parietal cortex and 
posterior cingulate cortex is likely to reflect the degen- 
eration of the terminals from forward projections origi- 
nating in dorsal area 19 and related occipito-parietal 
visual areas. Thus, even though cases with Balint's 
syndrome may represent a variant of AD with a specific 
distribution of the pathological changes along select 
components of the visual system, the present data 
confirm that AD involves the breakdown of specific 
corticocortical projections subserved by subsets of high- 
ly vulnerable pyramidal neurons [2i, 24, 33, 39]. 

These isolated observations may indicate that AD is 
in fact an heterogeneous disorder and may exhibit 
system-specific manifestations early in the progression 
of the symptomatology. In this respect, it is worth noting 
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tha t  ra re  cases  wi th  p a r i e t a l  l o b e  s y n d r o m e ,  s o m a t o s e n -  
sory  and  p r i m a r y  m o t o r  i m p a i r m e n t  have  also b e e n  
r e p o r t e d  [10, 18, 25]. T h e  cases  wi th  m o t o r  a n d  s o m a -  
t o s e n s o r y  d y s f u n c t i o n  d i s p l a y e d  h e i g h t e n e d  les ion  den-  
s i t ies  in t he  p r i m a r y  m o t o r  and  p r i m a r y  s enso ry  a reas  o f  
t he  n e o c o r t e x  [18, 25]. Thus ,  ce r t a in  cases  of  d e m e n t i a  
c l ea r ly  do  no t  c o r r e s p o n d  to  the  a c c e p t e d  cl inical  and  
n e u r o p a t h o l o g i c a l  c r i t e r i a  fo r  t he  de f i n i t i on  o f  A D ,  ye t  
t hey  show the  s a m e  h i s t o p a t h o l o g i c a l  les ions  [14]. Such 
cases  m a y  de f ine  pos s ib l e  c l in ical  s u b g r o u p s  o f  A D  and  
stress  t he  necess i ty  for  d e t a i l e d  and  a c c u r a t e  n e u r o p s y -  
cho log ica l  t e s t ing ,  as wel l  as for  m e t i c u l o u s  n e u r o p a t h o -  
logical  a s s e s smen t  of  d e m e n t i n g  s y n d r o m e s .  
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