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Abstract

Cardiac arrest, usually occurring in the aged population, is the most important cause of high morbidity and death in
developed countries. Commonly, attention, depression, cognitive impairment, spatial memory, short- and long-term
memory, executive functions, decreased quality of life and social participation are disturbed following circulation
arrest. Deficits in cognitive function, similar to prodromal Alzheimer’s disease dementia, following cardiac arrest
remain an area of concern. Recent research has focused on the post-resuscitation period to identify mechanisms
of long-term brain damage and cognitive impairment. As more patients survive longer periods after cardiac arrest,
attention is focused on interventions that may enhance cognitive and psychosocial perceptions. Here, we review the

new data influencing the cognitive and functional outcome in the post-resuscitation period.
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Introduction

Cardiac arrest, usually encountered in the aged
population, is a leading public health problem and
accounts roughly for 500 000 deaths per year in
the USA and Europe [1,18,20,40]. There is a signifi-
cant difference in survival rate after cardiac arrest
in different places of the globe [19]. Reported sur-
vival rates reach 11% in Australia, 9% in Europe,
6% in North America and 2% in Asia [2]. Survival from
out-of-hospital cardiac arrest is < 15% [4], while sur-
vival after in-hospital cardiac arrest is approximate-
ly 22% [7]. There is a significant risk of subsequent
development of neurological injury among survivors

in both groups [39]. Assessing neurological outcomes
especially after post-hospital discharge is important
for prognostication, but increased long-term sur-
vival of cardiac arrest patients requires efforts to
improve our understanding of the full spectrum of
cognitive and functional deficits observed post-ar-
rest. These include deficits in short- and long-term
memory, cognitive impairment, depression, exec-
utive dysfunction, decreased quality of life, dis-
turbed social participation and possible progression
similar to prodromal Alzheimer’s disease dementia
[3,6,17,21,22,42,47-49]. In the longer term, ischemic
events following cardiac arrest may create risk fac-
tors for the development of Alzheimer’s disease type
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cognitive impairment and dementia [5,12,22]. Here,
we review the new data influencing the cognitive
and functional outcome in the post-resuscitation
period.

Alzheimer’s disease-related proteins
after cardiac arrest

Amyloid protein precursor

Cardiac arrest in rats leads to chronic metabolic
and structural changes within special brain regions
like in Alzheimer’s disease: the hippocampus and
temporal lobe [10,27,34]. Global ischemia due to car-
diac arrest is the second natural pathology (includ-
ing Alzheimer’s disease) that causes neuronal death
in the CAl region of the hippocampus, as in Alz-
heimer’s disease [27,33]. Brain ischemia has been
found to be the most effective predictor for the lat-
er development of Alzheimer-type dementia [5,12].
Post-ischemic dementia in rats might be the result
of firstly the direct influence of ischemia, secondly
ischemic white matter changes, and thirdly Alzhei-
mer-type neuropathology [5,12,31,32]. Resuscitated
rats with short-term survival up to 7 days showed
strong brain staining to the N-terminal of amyloid
protein precursor and to the B-amyloid peptide and
as well as to the C-terminal of amyloid protein pre-
cursor [24,25]. Rats with very long post-resuscitation
survival of 6 and 12 months demonstrated strong
brain staining only for the B-amyloid peptide as well
as for the C-terminal of amyloid protein precursor
[26,30,33]. The staining was noted in both the intra-
and extracellular space. Intracellular staining was
observed in damaged neurons exhibiting signs of
ischemic alternations. Less often, staining for dif-
ferent fragments of amyloid protein precursor was
found in glial cells in ischemic rat brain [28,29]. Extra-
cellular different fragments of amyloid protein pre-
cursor deposits ranged from numerous widespread
small dots to irregular diffuse plaques [33]. Wide-
spread and multifocal diffuse plaques predominated
in the hippocampus. In humans, different parts of
amyloid protein precursor were found by immuno-
cytochemical methods in many cortical and subcor-
tical neurons as well as in ependymal and choroid
plexus cells [51]. This staining of amyloid protein
precursor was concomitant with formation of many
B-amyloid peptide nonfibrillar (thioflavin-negative)
plaques in the neuropil. As an effect of the changes
in the blood-brain barrier permeability around many
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vessels, weakly B-amyloid peptide immunoreactive
areas were also found [51]. The data presented pro-
vided strong evidence that the global brain ischemia
due to cardiac arrest is a risk factor for amyloidosis
in animals and humans. Additionally, brain ischemia
induced by cardiac arrest produces a time-depen-
dent increase in serum B-amyloid peptide level in
humans [52]. The progressing generation of B-amy-
loid peptide has probably evolved in the pathological
healing process in the ischemic brain due to cardi-
ac arrest with subsequent alteration of blood-brain
barrier vessels and huge blood-originated deposition
of B-amyloid peptide as senile plaques [52].

Apolipoproteins

Strong staining for apolipoproteins Al, E and J
was observed in the brain intra- and extracellular
space after cardiac arrest [11,25,27]. Intracellular
staining was noted in damaged neurons exhibiting
signs of ischemic alternations. Less often, staining
for apolipoproteins was found in glial cells in isch-
emic rat brain. Apolipoprotein extracellular deposits
were irregular but well delineated in the brain after
transient cardiac arrest [11,25,27]. Diffuse, broad but
faintl places were also seen. Increased staining was
observed in acellular, irregular, spider-like, necrotic
ischemic foci, too [11]. It is of interest to note that
after ischemia, deposits of apolipoproteins colo-
calized with deposits of different parts of amyloid
protein precursor [11]. Apolipoprotein E can sup-
port the aggregation of B-amyloid peptide into the
B-pleated sheet conformation. It was proposed that
apolipoprotein E could function as a ‘pathological
chaperone’ in the development of amyloid deposits
[50]. Apolipoprotein J is involved in the transport of
B-amyloid peptide throughout the blood-brain bar-
rier. On the other hand, apolipoprotein J production
was a result of the ischemic delayed neuronal death.
The key role of apolipoproteins Al, E and J in con-
trolling the level of soluble B-amyloid peptide in the
intra- and extracellular space of the brain as well as
their influence on fibrillar B-amyloid peptide forma-
tion is suggested. It is also suggested that apolipo-
protein E and B-amyloid peptide complexes or two
substances separately adhere to the neuronal rem-
nant after its death and develop amyloid plaques.
Interestingly, faint staining for apolipoprotein E,
remaining in the pyramidal neuronal layer of the hip-
pocampus, even long after its disappearance, was not-
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ed in the postischemic brain due to cardiac arrest[11].
On the other hand, different parts of apolipopro-
tein E present in Alzheimer’s disease brains induce
the development of neurofibrillary tangle-like intra-
cellular inclusions in neuronal cells [8]. Apolipopro-
tein E triggers B-amyloid peptide induced lysosom-
al leakage and apoptosis in neurons [9]. Neuronal
death in Alzheimer’s disease correlates with apolipo-
protein E uptake and intraneuronal B-amyloid pep-
tide stabilization [15].

Apolipoproteins E and J can control the structure,
deposition and toxicity of the B-amyloid peptide
after brain ischemia due to cardiac arrest. Both lipo-
proteins may also be involved in B-amyloid peptide
generation prior to its accumulation. These data
support additive effects of both apolipoproteins
on B-amyloid peptide accumulation in brain tissue
and their important role in regulating extracellular
B-amyloid peptide metabolism, independent of B-amy-
loid peptide generation [27,36]. Clearance of ische-
mic brain tissue after cardiac arrest by apolipopro-
tein E, as an important process for brain parenchyma
repair, is suggested, too [13]. Delayed clearance may
hamper healing of the blood—brain barrier after isch-
emic injury. The above observations support recent
thinking that apolipoprotein E is a key protein for
brain tissue remodeling after ischemic injury due
to cardiac arrest. Clearance of irreversibly damaged
brain parenchyma by ischemia may be one of the
significant activities of apolipoprotein E in the brain
as a whole [13]. The above data indicate that depo-
sition of apolipoproteins E and J after ischemic brain
injury may represent a secondary injury factor that
could exacerbate healing of the ischemic brain as
a whole. Accumulation of extracellular apolipopro-
teins E and J was observed after ischemic neuronal
death [11,27].

Expression of Alzheimer’s disease risk
genes after cardiac arrest

In the rat selectively vulnerable CA1 area of the
hippocampus, the expression of amyloid protein pre-
cursor gene decreased below the basal value 2 days
after ischemic injury. Seven and 30 days after brain
ischemia due to cardiac arrest, expression of the
amyloid protein precursor gene increased by about
80% at both times compared to the basal value [14].
In the medial temporal lobe cortex, expression of
the amyloid protein precursor gene was reduced
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below the basal value 2 days following ischemic
brain injury. But 7 and 30 days following ischemia,
the amyloid protein precursor gene expression was
increased in the temporal lobe by about 100% above
the basal value at both times [38].

B-secretase gene expression increased by about
400% maximally after brain ischemia due to cardiac
arrest in the rat CAl area of the hippocampus with
2-day survival. Seven days after ischemia, pB-secre-
tase expression increased by 100%. But 30 days
after brain ischemia, B-secretase gene expression
decreased below the basal value [14]. B-secretase
gene expression rose to a maximum of 400% in the
medial temporal lobe cortex 2 days after ischemic
brain injury. Seven and 30 days after temporal lobe
ischemia, B-secretase gene expression was dimin-
ished below the basal value [38].

In the rat selectively vulnerable CA1 subfield of
hippocampus, presenilin 1 gene expression increased
by about 200% but presenilin 2 increased by more
than 300% 2 days after brain ischemia due to cardiac
arrest [14]. Seven days after brain ischemia, prese-
nilin 1 and 2 gene expression increased by 90% and
70%, respectively. But 30 days after the ischemic
injury, presenilin 1 and 2 gene expression decreased
below the basal value [14]. In the medial temporal
lobe cortex, presenilin 1 gene expression decreased
below and presenilin 2 increased above the basal lev-
el by 180% 2 days after brain ischemia. Seven days
of survival following brain ischemia due to cardiac
arrest, presenilin 1 gene expression was diminished
below but presenilin 2 was elevated above the basal
value by 50%. Presenilin 1 gene expression increased
above the basal level by 40% but expression of pre-
senilin 2 was reduced below the basal value 30 days
after a brain ischemic episode [37].

It was found that the autophagy gene in the
hippocampus CA1l area was not significantly mod-
ified 2, 7 and 30 days after brain ischemia due to
cardiac arrest. But the mitophagy gene was signifi-
cantly upregulated at day 2 (by about 100%) and
decreased below the basal values at days 7 and
30 [46]. The gene expression of caspase 3 in the hip-
pocampus CA1 area 2 days after ischemic brain inju-
ry increased by more than 300% compared to the
basal level. But 7 days after ischemia, due to cardiac
arrest, its expression was close to the basal value.
Thirty days after brain ischemic injury, in the above
area the gene expression was reduced below the
basal value [46].
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In the medial temporal lobe cortex, expression of
the autophagy gene increased by 100% above the
basal value 2 days after a brain ischemia episode in
rats [44]. Seven- and 30-day expression of the auto-
phagy gene was reduced to 60% and 50% compared
to the basal value, respectively [44]. In the medial
temporal lobe cortex, the mitophagy gene decreased
by about 200% below the basal level 2 days follow-
ing brain ischemic injury. Seven and 30 days after
ischemic episode, expression of the mitophagy
3 gene increased by about 400% and 50%, respec-
tively. In the medial temporal lobe cortex, the apop-
totic gene caspase 3 was reduced below its basal
value 2 days after brain ischemia due to cardiac
arrest. Seven and 30 days after ischemic episode,
expression of the caspase 3 gene increased by 50%
above its basal value at both times [44].

Brain ischemia due to cardiac arrest has shed
new light on brain vascular system dysfunction as
a key contributor to dementia and chronic neurode-
generative factor in the development of Alzheimer’s
disease. Current knowledge regarding the induc-
tion of Alzheimer’s disease-related genes and pro-
teins as well as neuropathology of both brain isch-
emia and Alzheimer’s disease indicate that similar
mechanisms contribute to neuronal cell death and
brain tissue neurodegradation and finally dementia
[35,36,43,45]. Alzheimer’s disease-related proteins
can contribute to and precipitate post-ischemic brain
neurodegeneration with the development of Alzhei-
mer’s disease type dementia [5,12]. Over time, some
brain structures, such as the hippocampus, would
become permanently at risk of repeated ischemia,
leading to fatigue and the neuropathological alter-
ations of Alzheimer’s disease-type. Nevertheless, the
ischemically altered brain as a whole can predispose
to progressive neuronal cell dysfunction and death,
elicitation of Alzheimer’s disease-related genes and
proteins, and finally can lead to chronic and progres-
sive neuropathology, including the development of
Alzheimer’s disease dementia [35,36,43,45]. Cardi-
ac arrest-induced dysregulation of Alzheimer’s dis-
ease-related genes and proteins may play a key role
in late onset of Alzheimer’s disease-type dementia
[14,37,38,43-46].

Conclusions

The experience of cardiac arrest and its conse-
quences is overwhelming for patients’ families and
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their doctors performing treatment. Patients after
cardiac arrest have a significant risk of death and pro-
gressing development of disability [1,18,40]. Cardiac
arrest, always associated with global brain injury in
the short-term period, is characterized by early isch-
emic encephalopathy leading to severe neurological
deficits. In the long term, the post-resuscitation cog-
nitive impairment has an amnestic feature, charac-
terized by greater memory impairment than exec-
utive dysfunction, similar to prodromal Alzheimer’s
disease dementia [5,11,22]. This association with
prodromal Alzheimer’s disease dementia is support-
ed by genomic and proteomic observations noted in
basic science investigations of brains after cardiac
arrest, including the increased level of B-amyloid
peptide and number of receptors for advanced glyca-
tion end products transporting amyloid throughout
the blood-brain barrier to the brain tissue as well as
different structures of brain dysregulated expression
of genes such as amyloid protein precursor, B-secre-
tase, presenilin 1 and 2, autophagy, mitophagy and
caspase3[11,14,16,24,27,33,37,38,43-46,51].Recent
studies apart from earlier hippocampus changes [23]
have shown a more diffuse pattern of brain inju-
ry as a whole, which is supported by imaging and
neuropathological data with severe brain atrophy
and cognitive impairment following cardiac arrest
[5,12,27,41].

The investigation of long-term cognitive impair-
ment in humans associated with cardiac arrest has
been limited by the follow-up duration and het-
erogeneity of study outcome measures [3,6,21,48].
Cognitive impairment after cardiac arrest is multi-
factorial in nature. It is not only influenced by the
initial ischemic episode, but also by comorbidities
prevalent in cardiac arrest patients and factors con-
nected with hospital interventions. The influence of
cardiac arrest on cognitive and functional outcomes
warrants further study, given the high prevalence of
prodromal Alzheimer’s disease dementia in cardiac
arrest survivors [22]. Future studies on final mecha-
nisms of cognitive deficits can improve quality of life
to overall well being for cardiac arrest patients. Thus,
it is very likely that there is a link between cardiac
arrest and the global brain ischemia-induced expres-
sion of Alzheimer’s disease risk genes discussed in
this review. Understanding the mechanisms under-
lying the association of these genes with high risk
for Alzheimer’s disease will provide the most mean-
ingful targets for therapeutic development to date.
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