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INTRODUC TION

Ischaemic amnesia (IA) is a disorder of memory due to cerebral in-
farction. In this context, the term amnesia is used for the amnestic 
syndrome, an impairment of episodic, mostly anterograde, memory 
whose primary symptom is an impairment to learn and recall new in-
formation. IA has variable clinical features; it appears both transient 

or persistent and is often obscured by confusion, somnolence or 
disorders of language. Possibly for these reasons IA has a high rate 
of underdiagnosis and is often mistaken for transient global amne-
sia, delirium or poststroke dementia. With a prevalence between 
23% and 55% [1] poststroke memory dysfunction contributes to 
cognitive decline, functional disability and reduced quality of life. 
Although IA may also result from infarcts in other territories [2, 3], 

Received: 7 May 2022  | Accepted: 24 May 2022

DOI: 10.1111/ene.15449  

O R I G I N A L  A R T I C L E

The amnestic syndrome of posterior cerebral artery infarction

Thomas Benke1  |   Thomas Bodner1 |   Daniel Wiesen2 |   Hans- Otto Karnath3

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
© 2022 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

1Clinic of Neurology, Medical University 
Innsbruck, Innsbruck, Austria
2Division of Neuropsychology, Center of 
Neurology, Hertie- Institute for Clinical 
Brain Research, University of Tübingen, 
Tübingen, Germany
3Departments of Cognitive and General 
Neurology, University of Tübingen, 
Tübingen, Germany

Correspondence
Thomas Benke, Klinik für Neurologie, 
Medizinische Universität Innsbruck, 
Anichstr. 35, A- 6020 Innsbruck, Austria.
Email: thomas.benke@i- med.ac.at

Funding information
Deutsche Forschungsgemeinschaft, 
Grant/Award Number: KA 1258/15- 1 
and KA 1258/23- 1; Luxembourg National 
Research Fund, Grant/Award Number: 
FNR/11601161

Abstract
Background and purpose: Little is known about the character and underlying lesions of 
ischaemic amnesia. Episodic memory functions and brain lesions were therefore studied 
in 84 patients with acute ischaemic infarcts in the supply territory of the posterior cer-
ebral artery. The aim was also to learn how the neural memory systems are organized.
Methods: Standard neuropsychological tests were used to assess verbal and figural mem-
ory. Patients were split into memory- impaired and memory- intact groups. Lesions were 
demarcated, normalized and anatomically labelled, using standard mapping procedures.
Results: Of the 84 patients more than 80% had an amnestic syndrome, mostly with com-
bined memory impairment, less often with figural or verbal memory impairment. Amnesia 
in subjects with left hemispheric lesions was more frequent and more severe, with signifi-
cantly lower scores on the verbal memory test. Normal performance or figural amnesia 
were prevalent after right hemispheric lesions. However, no amnesia subtype was strictly 
tied to left-  or right- sided brain damage. Hippocampal and thalamic lesions were com-
mon, but 30% of lesions were extrahippocampal located in the ventral occipito- temporal 
cortex and long occipital white matter tracts. Most amnestic patients lacked awareness 
for their memory impairment.
Conclusions: Memory impairment is a key clinical manifestation of acute posterior cere-
bral artery stroke. Amnesia is more frequent and more severe after left stroke, suggesting 
a left hemisphere dominance of the two memory systems. Domain specific memory ap-
pears not to be strictly lateralized, since deficits in verbal and figural memory were found 
after lesions of both sides. Extrahippocampal lesions may also cause memory impairment.
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it is mainly reported in patients with strokes in the territory of the 
posterior cerebral artery (PCA), where it occurs in combination with 
visual field defects, sensorimotor symptoms and other disturbances 
of cognition [4, 5]. The PCA generally supplies the posterior two- 
thirds of the hippocampal formation [6]; however, a mixed supply 
pattern from the posterior and anterior choroidal artery and variable 
anastomoses is common [7] as with the thalamus [8,9]. The hippo-
campal formation is densely connected with the amygdala, mammil-
lary bodies, thalamus and retrosplenial cortex through the fornix, 
mammillothalamic tract, internal capsule, cingulum and collateral 
isthmus. Together, these components represent the core portion of 
the hippocampal– diencephalic– cingulate network [10] which con-
stitutes the most important network supporting episodic memory 
functions [11].

With the exception of thalamic ischaemia [12,13] only few stud-
ies have addressed IA from stroke in the PCA territory. von Cramon 
and co- workers studied 30 patients with unilateral, acute and 
chronic PCA infarction [14]. Twelve patients with left- sided lesions 
suffered from marked memory dysfunction whereas the remaining 
subjects showed no memory deficit. Szabo et al. [15] performed a 
visual analysis of hippocampal lesion patterns in 57 patients with 
acute ischaemia in the posterior circulation. More frequent and se-
vere verbal memory deficits were found in patients with left, and 
nonverbal learning deficits in right, hippocampal ischaemia. Many 
patients had multiple additional ischaemic lesions in extrahippo-
campal tissues, the cerebellum or even the middle cerebral artery 
territory. Confusion and memory dysfunction was found in 19 pa-
tients with acute, isolated hippocampal infarcts [16]. Dense amnesia 
was present only in complete unilateral and in bilateral hippocampal 
infarcts; impairment of figural memory was common after right hip-
pocampal ischaemia, but no lesion caused a steady verbal memory 
deficit. In sum, these and other previous studies produced scarce 
and inconsistent results, mostly because of small group sizes and 
methodological limitations.

Several issues of IA after PCA stroke remain unclear. If memory 
impairment is a common and distinct feature, it may represent an 
important marker of PCA stroke which adds to clinical recognition. 
Beyond that, a particular focus of interest concerns the character 
and the effect of left hemisphere (LH) or right hemisphere (RH) dam-
age on verbal and figural (visuospatial) memory. Based on temporal 
lobe epilepsy previous studies proposed the model of material or do-
main specific memory, suggesting that verbal and figural information 
is processed separately in left and right medial temporal lobe (MTL) 
structures, respectively [17– 19]. Several studies have explored le-
sion patterns and memory domains in stroke patients, with conflict-
ing results [3, 13, 15, 16, 20]. Patients with acute IA represent an 
interesting study cohort because they have not entered the stage of 
structural and functional reorganization, as opposed to those with 
chronic amnesia. Thus, a study of IA due to PCA stroke could provide 
clues to the question whether verbal and nonverbal memory work 
independently and are lateralized; alternatively, memory could be 
organized in dynamic interaction between MTL structures of both 
sides [21]. Furthermore, clinical experience suggests that patients 

with PCA stroke have decreased self- awareness of their amnesia 
and rarely self- report memory impairment spontaneously. Yet, it is 
unclear how frequent and pronounced anosognosia of memory im-
pairment is.

The present study was undertaken to explore IA in greater 
detail in patients with acute PCA stroke. The two main points of 
interest were the prevalence and characteristics of memory im-
pairment and the underlying lesion patterns. It was assumed that 
ischaemia of the hippocampal– diencephalic system is an import-
ant cause of memory impairment. However, recent reports have 
shown that IA may also result from ischaemic lesions outside the 
hippocampal formation [2, 3, 22]. Therefore, the aim was to iden-
tify the spectrum of lesion locations in PCA stroke which are criti-
cal for memory impairment.

METHODS

Patients

Inclusion criteria and methods were identical to a recently published 
companion study [23]. Inclusion criteria comprised an acute, first- 
ever, symptomatic, unilateral ischaemic infarct in the PCA territory 
(‘pure’ PCA infarct) of the LH or RH. Three patients with bilateral 
thalamic lesions were also included. Patients with concomitant le-
sions in the vertebrobasilar, cerebellar or brainstem territory, or in 
the anterior circulation, with dementia, severe brain atrophy or with 
pronounced white matter lesions (Fazekas score > 2) were excluded. 
The study was approved by the Ethics Committee of the Medical 
University of Innsbruck, Austria (protocol number 2010- UN4204). 
Patients gave informed, written consent to participate.

Neuropsychological assessment

Assessment was performed in the acute phase of the stroke, as 
soon as the patient was able to participate actively in a 1- h test 
session. Episodic memory was studied using two validated mem-
ory tests. The Verbaler Lern-  und Merkfähigkeitstest [24] (VLMT), 
a German equivalent of the Rey Auditory Verbal Learning Test 
[25], was used to assess verbal memory for a 15- item word list. 
The VLMT allows individual memory processes such as acquisition 
of new information, spontaneous recall and recognition memory 
to be studied. Sum scores of the five learning trials (verbal learn-
ing, VLMT 1– 5), the short delay recall after presentation and recall 
of an interference list (T6), the long delay recall after approxi-
mately 30 min (T7) and recognition (hits on a recognition list cor-
rected by errors of commission) were chosen for further analysis. 
Visuospatial functions (copy trial) and figural memory (immediate 
delay and delayed recall, recognition) were assessed with the Rey 
Complex Figure Test [26] (CFT) which employs material difficult 
to verbalize. Awareness for memory functioning after stroke was 
assessed by asking patients to self- rate their memory as equal to 
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premorbid functioning, mildly impaired or grossly impaired. This 
questioning was performed immediately after the evaluation of 
memory functions. Assessment of language was based on clinical 
bedside testing including language comprehension and expressive 
language. Formal testing was performed for naming (visual and 
auditory naming). Handedness was assessed using the Edinburgh 
Handedness Questionnaire.

Lesion mapping

Lesion analysis was performed as previously described [23]. 
Lesions were delineated by a trained examiner either manually 
using the MRIcron software (http://www.www.mricro.com/mri-
cron) or semi- automatically with the Clusterize algorithm. This 
algorithm has been integrated into the SPM Clusterize toolbox 
(http://www.mediz in.uni- tuebi ngen.de/kinder/en/research/ neu-
roimaging/software/) used with SPM8 and running under Matlab 
R2016b (http://www.mathw orks.com). Each reconstructed 3D 
lesion map was visually checked for imperfections and discrep-
ancies from the original magnetic resonance imaging (MRI) or com-
puted tomography (CT) slices, and manually adjusted if necessary 
using MRIcron. The 3D brain scans were spatially normalized to a 
standard brain template using a combination of MRIcron and SPM 
(http://www.fil.ion.ucl.ac.uk/spm) as implemented in the Clinical 
Toolbox (https://www.nitrc.org/proje cts/clini caltb x/) [27]. The 
normalized binary lesion maps were used for subsequent analy-
sis in MRIcron to identify lesion sites, to generate overlay and 
subtraction plots [28] and to differentiate single from combined 
(multifocal) lesions. Anatomical labelling was performed with the 
automated anatomical labelling atlas [29] for grey matter regions 
and the NATBRAIN atlas [30] for white matter tracts. Lesions 
were grouped in hippocampal, extrahippocampal (lingual and fusi-
form gyri, calcarine, cuneus, cingulate, the inferior occipito- frontal 
and inferior longitudinal fasciculus, optic radiation) and thalamic 
lesions.

Evaluation and statistics

To estimate the prevalence of memory impairment, percentile 
scores of the VLMT (norm- corrected for age and education) and the 
CFT (corrected for age) were dichotomized arbitrarily: patients with 
a percentile score ≤5 were considered as having severe memory 
impairment (memory- impaired, M−), and those with scores >5th 
percentile jointly as having mild to moderate impairment, or normal 
functions (memory- intact, M+). According to the defective memory 
domain, subtypes of memory impairment were defined as verbal 
(VLMT T7 ≤ 5th percentile > CFT long delay), figural (CFT long delay 
recall ≤ 5th percentile > VLMT T7 long delay) or global (both verbal 
and figural ≤ 5th percentile). To compare the distribution of amnesia 
subtypes across hemispheres a chi- squared test of independence 
with Fisher's exact test procedure was used. SPSS 27.0 software 
(SPSS Inc.) was used for statistical analyses.

RESULTS

Patients

The sample included 81 consecutively admitted patients with unilat-
eral and three patients with bilateral (thalamic) strokes (26 females). 
Mean (SD) values were age 61.2 (17.1), education 11.2 (2.5) years and 
National Institutes of Health Stroke Scale score 3.45 (4.1). The most 
frequent neurological findings were visual field defects (64%) fol-
lowed by motor and sensory signs, dizziness and oculomotor deficits 
(Benke et al., 2021) [23]. Two patients complained about vertigo but 
had no other clinical signs except amnesia. In a subset of patients, dif-
ficulties of word finding and object naming were found, and also oc-
casional paraphasias. Fourteen patients (16.7%) scored below the 2nd 
percentile on a test of visual object naming. However, these patients 
were not excluded from the present experiment because they were 
clearly able to understand and follow all task instructions. Seventy- 
five patients were right- handed, seven left- handed (four with LH and 
three with RH lesions) and two ambidextrous (with LH lesions).

Neuropsychological results

Patients were tested 6.4 (±3.2) days after stroke. MRI and CT imag-
ing were performed during admission as part of the routine stroke 
work- up. Acute ischaemic stroke lesions were identified by CT in 10 
and by MRI in 74 patients as part of the routine radiological investi-
gation. Sixty- nine patients (82.2%) scored at or below the 5th per-
centile in one or two modalities (M− subjects; 39 LH, 90.1%; 27 RH, 
71%; three bilateral lesions, 100%). Only 15 patients (17.8%, four LH 
and 11 RH lesions) were classified as having intact or mildly impaired 
memory (M+ subjects). Figure 1 shows how often patient perfor-
mance was impaired on the subtests of the VLMT and CFT.

F I G U R E  1  Verbal and figural memory impairment in PCA stroke. 
Percentage of subjects scoring at or below the 5th percentile of 
test norms [Colour figure can be viewed at wileyonlinelibrary.com]
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A similar amnestic syndrome appeared on the VLMT and CFT. 
Deficits of spontaneous long and short delay recall were found most 
often, followed by impairments of verbal learning (VLMT 1– 5) and the 
CFT copy condition. Recognition memory was also impaired (verbal 
53.6%; figural 35.7%). M− and M+ subjects differed significantly with 
regard to all memory subtests (VLMT, CFT; Mann– Whitney U test 
p < 0.001, respectively) but not by age, education, days since stroke 
or lesion volume (all p > 0.05). Subjects with lesions of the LH scored 
significantly lower on VLMT 1– 5, T6 and T7 compared to patients with 
lesions of the RH, whereas there was no group difference on verbal 
recognition and figural memory functions on which both groups per-
formed equally in the subnormal range. Patients with bilateral tha-
lamic lesions had the poorest verbal memory scores (Table 1).

The combined (verbal plus figural) subtype of amnesia was the 
most frequent (55.1%), followed by figural (23.2%) and verbal (21.7%) 
memory impairment. All bilateral thalamic patients had global mem-
ory impairment. The three subtypes did not differ significantly by 
age, education, lesion volume or days since stroke.

Awareness of memory impairment

Approximately 70% of M− patients self- rated their memory per-
formance as equal to premorbid, 25% as mildly and 5% as grossly 
impaired (Table 2). All but one of the M+ patients rated their perfor-
mance as normal. All patients with bilateral thalamic lesions lacked 
awareness of memory loss.

Memory impairment and lesion sites

Table 3 summarizes amnesia subtypes and their relation to hemi-
sphere, lesion site and the centre of lesion overlay plots.

A statistical analysis of the distribution of amnesia subtypes in 
the two hemispheres confirmed that the global and verbal subtypes 
were significantly more frequent after LH lesions, and the propor-
tion of normal scores and the figural subtype were more prevalent 
after RH lesions (Fisher's test statistic 68.8, p < 0.001).

Figure 2 illustrates a lesion overlay map of all M− patients. 
Hippocampal lesions were more common than extrahippocampal 
and thalamic lesions (Table 3). The long white matter association 
tracts and the lingual and fusiform gyri were the most frequently 
lesioned structures (for further details see Benke et al. [23]). Single 
lesions caused memory impairment more often than combined (mul-
tifocal) lesions (LH 21 vs.18, RH 16 vs. 10).

To identify lesion locations which were most often associated 
with memory impairment, M+ (as control group) was subtracted 
from M− lesions. The subtraction plot (Figure 3) depicts those areas 
that were more frequently lesioned in the M–  group (in per cent) 
with reference to the M+ group. It highlights a strong preponder-
ance of left- sided lesions which were located along the hippocampo- 
occipital axis and in the thalamus. The centre of maximum damage 
was superior and posterior to the left hippocampal formation, corre-
sponding approximately to coordinates −20, −70, 0. The cumulative 
maximum of lesions in the RH was centred around the posterior hip-
pocampus, anterior fusiform gyrus (25, −50, −5), calcarine and occip-
ital tip, whereas a large area in the posterior lingual and fusiform gyri 
was less frequently affected in the M− compared to the M+ group.

Deficit profiles and amounts of amnesia were similar in the extra-
hippocampal and hippocampal lesion groups. Extrahippocampal pa-
tients were mildly impaired on the copy condition of the CFT (mean 
and SD 31.2 ± 4.7, maximum possible score 36), whereas the recall 
and recognition trials revealed a profound deficit of figural memory 
(immediate recall 12.1 ± 5.6, delayed recall 12.4 ± 4.5, recognition 
20.9 ± 1.3). Similar impairments were evident on the VLMT (ver-
bal learning 39 ± 11.1, short delay recall 6.4 ± 3.8, long delay recall 

Lesion in left 
hemisphere (n = 43)

Lesion in right 
hemisphere (n = 38)

p value (Mann– 
Whitney U testa)

VLMT

Sum 1– 5 32.19 (10– 59) 43.47 (19– 66) 0.0019

Short delay recall 
(T6)

4.52 (0– 15) 7.87 (0– 15) 0.0238

Long delay recall 
(T7)

4.07 (0– 15) 7.39 (0– 14) 0.0238

Corrected 
recognition

6.28 (−7– 15) 8.42 (−15– 15) n.s.

CFT

Copy 28.55 (6.5– 36) 28.36 (1.5– 36) n.s.

Immediate recall 9.55 (0– 30) 10.87 (0– 31) n.s.

Delayed recall 9.941 (0– 28) 11.4 (0– 32) n.s.

Recognition 19.58 (13– 24) 18.23 (0– 24) n.s.

Note: Numbers represent means and range.
Abbreviations: CFT, Rey Complex Figure Test; VLMT, Verbaler Lern-  und Merkfähigkeitstest.
aBonferroni– Holm correction for multiple comparisons.

TA B L E  1  Comparison between 
hemispheres
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6 ± 4.1 and recognition 7.1 ± 6). To further illustrate the appearance 
of an extrahippocampal lesion and its effect on memory functions in 
the presence of a structurally intact hippocampal formation a repre-
sentative case is demonstrated in Figure S1.

Overlay plots of patients with domain specific impairment 
are shown in Figure S2. Patients with verbal memory impairment 
showed a predominance of LH lesions (left vs. right 10 vs. 5) covering 
mainly the lingual gyrus and long occipital tracts, whereas the group 
with figural memory impairment had a lesion predominance on the 
right side (left vs. right 6 vs. 16); here hippocampal lesions were more 
frequent than extrahippocampal lesions.

DISCUSSION

In this study the memory impairment and its lesion pattern were ex-
plored in a large cohort of patients with PCA stroke. Approximately 
80% of patients with first- ever, acute ischaemic infarct in the PCA 
territory had an amnestic syndrome, as documented by stand-
ard neuropsychological assessment and based on a 5th percentile 

cutoff. Memory impairment was profound; it affected learning, re-
call and also recognition memory abilities, and it was more frequent 
and severe in patients with lesions of the LH. Decrease of memory 
is not explained by age, since age- corrected norms were applied. 
These findings suggest that IA is a frequent and clinically relevant 
finding in acute PCA infarcts. Different from previous studies [15, 
16] amnesia was caused more often by single than multifocal lesions. 
Furthermore, bilateral lesions were not necessary to cause severe 
memory impairment as this was previously assumed [16, 31].

Despite their pronounced forgetfulness most patients with PCA 
infarcts showed reduced or even absent awareness for their mem-
ory impairment shortly after task experience. Anosognosia or lack 
of explicit knowledge for memory failure due to brain injury has 
been described in Alzheimer's disease, transient global amnesia and 
Korsakoff's syndrome. The exact mechanism of memory unaware-
ness in IA is unknown; further studies will be needed to find out 
whether it results from an impairment of self- monitoring, of reflec-
tive processing, poor adaptation to the situation of acute stroke or 
other reasons. Unawareness of memory impairment may add to the 
fact that patients with PCA ischaemia contact healthcare late and 
are often inadequately recognized as stroke patients [32].

In addition to its clinical significance, the present study at-
tempted to further clarify whether memory systems are organized 
in a domain specific and lateralized manner. Two validated mem-
ory tests were used to select patients with impaired memory; per-
formance on both tests is considered to represent either verbal or 
figural memory abilities [25]. Test results were taken to classify 
memory impairment as verbal, figural or combined. Behavioural 
and lesion data showed that the side of lesion affected the mem-
ory status strongly. Left PCA infarcts were associated more often 

TA B L E  2  Self- rating of memory performance

M−
n = 69

M+
n = 15

Memory self- rating

Memory equal to premorbid 47 (69.2%) 14 (93.3%)

Memory mildly impaired 17 (25%) 1 (6.7%)

Memory grossly impaired 4 (5.7%) 0 (0%)

Abbreviations: M−, memory impaired; M+, memory- intact patients.

Subtypes of memory impairment

Global
n = 38

Verbal
n = 15

Figural
n = 16

No impairment
n = 15

Lesion in LH
(n = 43)

23 (53.5%) 10 (23.3%) 6 (13.9%) 4 (9.3%)

Lesion in RH
(n = 38)

12 (31.6%) 5 (13.2%) 10 (26.3%) 11 (28.9%)

Bilateral thalamic 
lesions

(n = 3)

3 (100%) – – – 

Hippocampal
lesions
(n = 39, 46.4%)

20 5 10 4

Extrahippocampal 
lesions

(n = 27, 32.2%)

10 7 4 6

Isolated thalamic 
lesions

(n = 18, 21.4%)

uni 5
bi 3

uni 3 uni 2 uni 5

Centre of lesion overlay
(x, y, z)

– 20, −65, −5 −25, −65, 0 30, −40, −5 15, −75, −5

Abbreviations: bi, bilateral; uni, unilateral; x, y, z, MNI coordinates.

TA B L E  3  Subtypes of memory 
impairment and corresponding lesion sites
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with global and with verbal amnesia, and right infarcts more fre-
quently with figural amnesia or with normal (or only moderately 
impaired) memory. A subtraction analysis revealed that left lesions 
caused amnesia more often, and patients with left PCA infarcts 
performed significantly poorer on subtests dealing with learn-
ing and spontaneous recall abilities of verbal material. Together, 
these results suggest that the LH is memory dominant due to a 

more advanced and efficient memory system, and also due to the 
dependence on the language processing system. In the case of a 
left PCA stroke, this ‘mnestic dominance’ results in larger loss of 
memory abilities.

Based on the observation that verbal amnesia has a lesion pre-
dominance on the left side and figural amnesia on the right side it is 
hypothesized that the hemispheres have developed some functional 

F I G U R E  2  Left and right hemispheric 
stroke patients with memory impairment 
(M–  patients). Anatomical correlates of 
memory impairment (lesion overlay map 
of M− patients, n = 69). Subjects with 
unilateral right, unilateral left and bilateral 
thalamic lesions were combined in the 
same map. Upper panel, axial cuts; lower 
panel, coronal cuts; left brain depicted on 
right side. Colour shades represent the 
increasing number of overlapping lesions 
(N patients) [Colour figure can be viewed 
at wileyonlinelibrary.com]

F I G U R E  3  Subtraction plot for 
impaired versus normal memory. Lesion 
subtraction plot M− (n = 69) minus M+ 
(n = 15) patients. Colours code increasing 
frequencies of regions damaged (in per 
cent) in M− patients. Left brain depicted 
on right side [Colour figure can be viewed 
at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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specialization for the mnestic processing of verbal and figural mate-
rial. This is probably owing to the fact that memory is a multifactorial 
function relying on verbal and spatial processing modes which are 
both strongly lateralized. However, it is important that our study 
found no lesions causing consistently visual or verbal amnesia; ver-
bal memory impairment was also found after unilateral right, fig-
ural after left and global after single lesions in either hemisphere. 
Thus, the domain specificity and degree of functional asymmetry in 
the MTL appears not absolute; rather, each hemisphere seems to 
be equipped with processing facilities for both memory modalities, 
one more advanced than the other, and both sides seem to interact 
during episodic memory functioning. This argues against an archi-
tecture with two strictly lateralized memory systems which work 
separately, each only in one domain. In sum, our results support and 
extend findings from previous studies regarding the organization of 
the two memory systems [21]. The behavioural and lesional pattern 
of our subjects suggests bilateral memory abilities with a left hemi-
spheric dominance and relative material specificity on both sides. 
Obviously, this framework incorporates mainly the hippocampal sys-
tems which, however, cooperate with other memory systems outside 
the MTL [33]. These findings reflect the physiological architecture of 
the memory systems much more than those in chronic disease states 
such as, for example, in temporal epilepsy where memory networks 
are grossly altered due to reactive plasticity and functional reserve 
[34]. In fact, they represent one of the few studies of memory lat-
eralization and specialization which were not conducted in epilepsy 
cohorts.

In agreement with previous studies, many lesions were also 
found in the hippocampus and thalamus. However, one- third of le-
sions were located outside the hippocampal formation in the occip-
ital lobe and occipito- temporal region, which seems paradoxical for 
amnesia. After exclusion of 13 patients with damage to the posterior 
cingulate region which is known to support memory functions [35], 
there remained 14 M− cases (16.7%) with lesions outside the Papez 
circle. They comprised various combinations of ischaemic damage 
in the lingual and fusiform gyri, calcarine, cuneus and white matter. 
Memory impairment due to ischaemic lesions outside the hippocam-
pus which itself is structurally intact is a recent finding and its exact 
pathomechanism has not been established firmly. At present, there is 
no evidence that any of these extrahippocampal regions participate 
directly in intrinsic episodic memory functions [36]. Alternatively, 
the connectivity- based approach argues that memory impairment 
develops from destruction of afferent pathways and loss of network 
connectivity [14, 37]. Hence, diaschisis or other vascular processes 
deafferentate the MTL which is densely connected with occipital 
regions via posterior white matter association tracts, with negative 
effects on the functions of the memory network [2, 38]. Lesions of 
occipital long association tracts and the ventral occipito- temporal 
cortex were very common in our study [23]. This supports the con-
cept of IA as ‘disconnection amnesia’ and underlines the view that 
extrahippocampal areas represent critical convergence connections 
for the limbic system [3]. With regard to lesions causing IA, this view 

also strengthens the need for moving away from a hippocampal- 
centric view to an approach putting emphasis on networks and white 
matter integrity. Although the view of distant dysfunction provides a 
sound interpretation for our findings, it will need further verification 
by use of adequate techniques such as, for example, perfusion stud-
ies [39] or connectivity mapping [22, 38].

In the light of these findings, several limitations need to be dis-
cussed. The observed memory impairment pertains to the acute 
phase, with unknown ecological consequences and course. The brief 
assessment of memory awareness which was used here allows only 
for a restricted evaluation and requires further systematic research. 
It is not known whether the VLMT and CFT are equivalent regard-
ing their level of difficulty and validity which hampers the assump-
tion that they are ideal tests to compare verbal and figural memory 
performance. Finally, subgroups of patients with PCA stroke have 
variable arterial supply patterns [40, 41]. This gives rise to atypical 
infarct distributions [9, 42, 43] and generates altered collateral cir-
culation and vascular reserve in the hippocampus, thalamus or other 
regions [44], a fact that should be controlled in future studies.

Our findings have several implications. Due to its high preva-
lence, memory impairment could serve as a potential predictor of 
acute PCA stroke, mainly when combined with other features and 
risk factors of posterior stroke. A high level of suspicion based on 
clinical findings and the assessment of memory is essential for this 
diagnosis. The finding of defective memory awareness is important 
and explains why direct diagnostic questioning of the patient or stan-
dard clinical examination is unsuitable to reliably detect or evaluate 
IA in PCA stroke [15]. Since memory impairment may accompany 
hemianopia in PCA infarcts, amnesia should be suspected in cases 
of homonymous visual field defects. In addition, patients should be 
routinely bedside- tested for orientation and recall of recent events 
related to the stroke episode. Also, brief objective memory testing 
should be performed [5, 45], particularly in patients with confusion, 
disorientation or fragmentary case history. Furthermore, patients 
should be managed like anosognostic and amnestic subjects, also 
including routine follow- up assessments. With regard to neuroim-
aging, one should be aware that IA does not exclusively localize to 
damage of the hippocampal– diencephalic network.
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