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Neuropsychological and neuropathological sequelae
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Abstract

Fifty-eight studies of the neuropathological and neuropsychological outcomes of cerebral anoxia were reviewed.
Neuropathological reports were examined for the variety, extent, and specificity of lesions resulting from an anoxic
event. While most attention has focused on damage to the hippocampus following anoxic brain injury, the review
indicated that watershed cerebral cortex and the basal ganglia were both more frequently damaged than the
hippocampus. The hippocampus was the sole affected structure in only 18% of reported cases. Neurological,
neuropsychological and psychiatric studies were analyzed. Of 67 individual case reports, a memory disturbance was
documented in 36 (54%), but a memory disturbance without report of additional cognitive deficits occurred in only

13 (19.4%). Changes in personality and behavior were noted in 31 (46.2%). Visuospatial or, less frequently, visual
recognition problems were noted in 21 individual cases (31.3%) reviewed. Memory deficits were found in all 14
group studies reviewed, while in 9 papers changes in behavior or personality were also documented. Six studies also
reported visuospatial deficits. Careful reading of the literature reveals a range of cognitive and behavioral changes
that reflect very well the neuropathological outcomes of anoxic episod#¢S(2000,6, 86—99.)
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INTRODUCTION Volpe & Hirst, 1983; Whiteley, 1958). At the same time,
since the seminal study by Scoville and Milner (1957) an

: L . : > intense interest has developed in the role of the hippocam-
tlef_l Persvc\)/_rlﬁlut\i/_tDlant((;g_rgtlo: Incuilﬁnt 'g)l At\nr?xm.lg)fsser- pus, one of the structures vulnerable to anoxic injury, in mem-
vations v\ itrous Oxide Anaestheg@letcher, )- ory. A small number of cases with anoxic brain injury,

_Replozzu?ghon 8 tcadses Of. atnoxgel ffrorP m:r_Ol(st Ox'detp?'son'gamage to the hippocampus and an amnesic syndrome with-
Ing, Fletcher noted persisting detects of judgement, 0SS 0f, ¢ significant accompanying cognitive deficits has been

insight, apathy, indifference, and restlessness, in addition tBuinshed (Cummings et al., 1984 Press et al., 1989: Volpe
deficits in attention and memory in all 8 patients. In a sim- ! ’ » ’

. ) . . -~ & Petito, 1985; Zola-Morgan et al., 1986). Interest in these
llar vein, Steegman (1951) considered "silly and Ch'ld“k? cases has derived from their being instances of an amnesic

behavior” and “peculiar emotional changes” to be the prl-Syndrome associated with pathology of the hippocampus

mary d_efects n cerebral_ anoxia. . _ rather than from their being primarily cases of anoxic brain
In spite of these perspicacious early insights into Changeﬁ]jury
in behavior and personality resulting from anoxic episodes, An

it has been the disturbance to memory function in such P33rome which can sometimes result from damage to the hip-
tients that has attracted the most attention. Over successi %campus in anoxic events. is that this has come to be

decades cerebral anoxia has come to be identified princ ‘egarded as the prototypical neuropathological and neuro-

pally as onedof the rgoslt yggfg;fmt ﬁausigég_ aén ISOI‘f"te%sychological outcome of cerebral anoxia. Thus, in a chap-
a:nnlesicgzzlfr'l erorgel'( etr ylnelgglral\j an, " ,t Lljmg;g er on amnesic disorders in a leading neuropsychological

etal, » Medalla et al., » Muramoto et al., 'textbook, Bauer et al. (1993) noted that support for the im-
portance of the hippocampus in memory has been derived

) : ) from the permanent amnesia that follows hypoxic—ischemic

Reprint requests to: Diana Caine, Department of Neurology, Box 165, hal hv in h Th h f h
Addenbrooks Hospital, Hills Road, Cambridge CB2 2QQ, UK. E-mail: encephalopat y n umans' € same C .apter re_ ers to the
dc250@medschl.cam.ac.uk loss of neurons in the hippocampus following cardiac arrest
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One of the earliest studies of anoxic brain injury was enti-

inadvertent outcome of this focus on the amnesic syn-
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in the case of Zola-Morgan et al. (1986). There is no otheet al., 1982). Hypoxic damage to central neurons is pro-
reference to neuropsychological outcomes from anoxia irduced acutely by the release of excitatory neurotransmit-
this important neuropsychology text. ters, which leads to an influx of sodium, cell swelling and

It would be quite incorrect for us to argue that an isolatedcell injury (Hansen, 1985; Kjos et al., 1983; Rothman &
amnesic syndrome with accompanying pathology solely afOlney, 1986). Longer-term damage is related to both an in-
fecting the hippocampus does not occasionally occur folcrease in neuronal excitability (Choi, 1990) resulting in an
lowing an anoxic event (Cummings et al., 1984; Muramotoinflux of calcium (Ascher & Nowak, 1987; Gibson et al.,
et al., 1979; Petito et al., 1987; Volpe & Hirst, 1983; Zola- 1988; Haddad & Jiang, 1993; Hansen, 1985; Siesjo, 1981;
Morgan et al., 1986, 1992). However, the mechanisms antiVhite et al., 1984) and to the formation of oxygen free rad-
distribution of neuronal damage in cerebral anoxia are sucftals. These are unstable molecules that, because of their
as to render lesions specific to the hippocampus possibleonfiguration involving an unpaired electron, are extremely
but unlikely. This paper presents a review of the literaturereactive and are liable to transform many molecules, thus
on cerebral anoxia. It aims to demonstrate the patterns anthusing cell injury (Haddad & Jiang, 1993; Maiese & Ca-
diversity in reported outcomes from an anoxic etiology andronna, 1989; Schurr & Rigor, 1992; Siesjo, 1981).
the extent to which those outcomes accord with the known In addition to these primary mechanisms, there are sec-
neuropathology of this condition. ondary sources of cerebral injury in anoxic conditions. There
is evidence that neurons themselves may be able to survive
much longer periods of hypoxia than usually thought
(White et al., 1984) but that when the general circulation is
The human brain has a constant requirement for oxygen teestored, cerebral circulation does not always respond ade-
meet energy demands. Although the brain receives a signifjuately. It has been suggested that the cerebral microcircu-
icant portion (about 15%) of the cardiac output, it does notation may not be able to purge the metabolites accumulated
store oxygen (Kuroiwa & Okeda, 1994; White et al., 1984).during the period of hypoxia, and that the capillaries and
When oxygen delivery is disrupted, a series of cerebral hosmall arterioles may be so affected by focal or widespread
meostatic and vascular mechanisms is activated, directeateas of brain edema that they do not regain normal flow
toward maintaining oxygen supply (Cohen, 1976; Strand{the phenomenon of “no-reflow”; Ames, 1973; Ginsberg &
gaard & Paulson, 1984). This autoregulation maintains ceMyers, 1972; Miller, 1984; Myers, 1979). While there may
rebral blood flow against abrupt blood pressure change withife substantial hyperperfusion initially, there seems to be a
a certain range (about 50-150 mm Hg) and maintains deprogressive increase in cerebral small-vessel resistance re-
livery and utilization of oxygen despite fluctuations in sup- sulting ultimately in perfusion rates too low to support neu-
ply (Cohen, 1976; Michael, 1973). Therefore, even thougtronal viability in the cerebral cortex (White et al., 1984). It
the brain does not store oxygen, oxygen deprivation musis not clear whether this phenomenon only occurs in brains
be sustained in order to render cerebral autoregulatory meckhat have already suffered primary irreversible hypoxic dam-
anisms ineffectual and for the brain to become injured. Aage, since a significant degree of tissue damage is sustained
period of longer than 4 to 8 min is said usually to producein the absence of impaired reperfusion (Brierley & Graham,
cerebral infarction and disseminated cell death (Bigler &1984; Welsh, 1985). The mechanisms by which hypoxic
Alfano, 1988; Caronna, 1979; Cohan et al., 1989; Cohendamage is produced are thus both complex and diverse. These
1976; Strandgaard & Paulson, 1984; White et al., 1984). factors, together with the variability inherent in any spe-

Because the final common pathways to oxygen deprivaeific episode of oxygen deprivation can lead to highly vari-
tion, irrespective of the nature of the precipitating event,able pathological outcomes (Myers, 1979).
are both reduced oxygen content in the blood and reduced
blood flow to the brain (Bigler & Alfano, 1988; Moody et al.,
1990), “anoxia” or “hypoxia” are frequently used synony- Neuropathology of Cerebral Anoxia
mously with “ischemia,” sometimes as the hybrid term
“hypoxia—ischemia” (Caronna, 1979; Ginsberg et al., 1976 \What determines the distribution of pathology in cerebral
Schurr & Rigor, 1992; Volpe & Hirst, 1983). In this paper anoxia? Two principal factors have been invoked to explain
“anoxia” is used to refer to a reduction in the supply or uti- the principle of “selective vulnerability” (Brierley & Graham,
lization of oxygen and metabolic substrates, irrespective 01984), on the basis of which anoxic cerebral injury occurs.
the precipitating event. The literature on carbon monoxideThe first concerns the distribution and disposition of cere-
poisoning was not systematically reviewed here because botiral blood vessels such that those portions of the supply ter-
the mechanisms and the sites of damage are consideredritory that lie in the fringes of supply of the major cerebral
differ significantly from other causes of cerebral anoxiaarteries are the first to experience reductions in blood flow
(Meredith & Vale, 1988; Remick & Miles, 1977). (Brierley & Graham, 1984). Second, the specific metabolic

The mechanisms by which anoxic damage is producednd biochemical properties of the structures involved are
are both complex and diverse. They comprise a cascade sfich that the higher the metabolic demand of a given area
time-dependent alterations in neuronal function, metabothe more likely it is to be affected by oxygen deprivation
lism and morphology (Haddad & Jiang, 1993; Pulsinelli (Moody et al., 1990; Myers, 1979).

Pathophysiology of Cerebral Anoxia
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In addition to these general principles, the mechanismsvere directed towards documenting outcomes from anoxic
of vulnerability of different cell groups within the most com- episodes (see, e.g., Grosswasser et al., 1989) while others
monly affected areas are also differentiated. For exampleyere more concerned with a specific outcome, such as an
striatal neurones are sensitive to increased dopaminergic aamnesic syndrome, which happened to result from cerebral
tivity (Calabresi et al., 1995; Globus et al., 1987), while in anoxia (see, e.g., Cummings et al., 1984; Muramoto et al.,
the hippocampus vulnerability to oxygen deprivation ap-1979; Volpe & Hirst, 1983). Again, in order to enable some
pears to be related to the action of excitatory amino aciccomparison between studies, whether or not a change in
neurotransmitters such as glutamate and aspartate, whiéghdividual patients was observed in any of the four catego-
initiate the release of intracellular calcium resulting in neu-ries of cognitive function most commonly investigated—
ronal death (Kuroiwa & Okea, 1994, but see Moody et al.,memory; personality, behavior, or executive function;
1990). Finally, it has been shown that different brain re-visuoperceptual function; and language—was recorded. The
gions respond over different time courses. Necrosis in th@resent authors were thus reliant on the descriptions and
basal ganglia and cerebral cortex appears shortly after camethods of the original researchers for this categorization,
diac arrest, while ischemic change in the hippocampus igalthough actual test results as well as case descriptions were
markedly delayed, not appearing until 2 to 3 days followingexamined.
the event (Kuroiwa & Okeda, 1994; Petito et al., 1987; Puls-
inelli, 1985; Pulsinelli et al., 1982). Although the principle
of selective vulnerability dictates that certain brain regionsRESULTS
will be more susceptible in anoxia, these additional factors,
together with the variability inherent in any specific epi- The Distribution of Pathology
sode of oxygen deprivation, can lead to highly variable pathoin Cerebral Anoxia

logical outcomes (Myers, 1979).
g (My ) Of 43 cases reviewed in 10 neuropathological studies of ce-

rebral anoxia, 32 cases had cell loss in the cerebral cortex.
METHODS Thirty-one had lesions in either the pallidum or the striatum

The papers under review were found by means of a com?' POth (see Tables 1 and 2). So, although specific hippo-

puterized Medline search of the English language literatur&@Mpal changes have been examined the most extensively
from January 1966 to May 1998. This was followed by ex-" this condition (see, e.g., Zola-Morgan et al., 1986), the
tensive hand searching using the references cited in the ﬁr&lppocgmpus was not the m_ost frequently damaged Sm_JC'
round of the search as a starting point. The search thus reﬂ‘lre' with 30 cases having hippocampal damage. The hip-
resents a more extensive review of the relevant literatur@°Ca@mpus was the sole affected structure in 8 of 43 cases
than has ever previously been published. Some studies réMeyer, 1956; Rempel-Clower et al., 1996; Volpe & Petito,
ported detailed neuropathological and neuropsychologicat 28> Zola-Morgan et al., 1986). Four cases had damage in
data and were considered in both categories. Neuropathd1€ Pasal ganglia but not in the hippocampus (Adams et al.,
logical studies as well as studies of structural imaging werg-966; Ginsberg et al.,_ 19_7_6; Petito et aI._, 1987).Ina furthe_r
examined for the variety, extent and specificity of lesions® cases there was significant change in the basal ganglia
occurring in the hippocampus and in other brain regions if¥ith minimal cell loss in the hippocampus (Adams et al.,

consequence of an anoxic event. Some of the neuropathdJ66; Volpe & Petito, 1985). Fourteen of the 25 cases in

logical reports aimed to document the neuropathological sevhich the thalamus was examined showed damage in that

quelae of anoxic events (see, for example, Adams et al., 196§rUcture-

while others aimed to demonstrate focal pathology associ-

ated with a specific neuropsychologicql outcome (see, e.9structural Imaging of Cerebral Anoxia

Cummings et al., 1984). The analysis conducted by the

authors was intended to enable a comparison of studies iEleven computed tomography (CT) and magnetic reso-

respective of their specific focus. To this end, neuropathonance imaging (MRI) studies were examined, involving a

logical reports were analyzed in terms of whether, and irtotal of 90 patients. Structural imaging was typically found

which regions, cell loss was reported. To enable comparito be normal in the early postanoxic period (Volpe & Hirst,

son between such varied studies, cortical areas were suth983), but abnormalities were evident as early as 24 to 48 hr

divided into four regionscortex-unspecified; anterior cortex; following a prolonged anoxic episode (Kjos et al., 1983;

posterior cortexandwhite matterBased on those areas iden- Tippin et al., 1984).

tified by Brierley and Graham (1984) as liable to be af- Of the 90 cases in the studies reviewed, 40 showed a dif-

fected, the subcortical areas selected were hippocampufse effect involving edema or atrophy of the cerebrum.

striatum, pallidum, and thalamus. Thirty cases demonstrated hypodensities in the cerebral and
Neurological, neuropsychological and psychiatric re-cerebellar cortices. Changes in density or signal intensity in

ports were analyzed for descriptions of cognitive, personthe caudate and lentiform nuclei were observed in 20 cases

ality, or behavioral changes in addition to memory deficits.while 3 cases had marked changes in the thalamus. Most

These studies also differed in their orientation in that someemarkable was that only 2 cases in two separate studies
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Table 1. Analysis of neuropathological studies of hypoxic patients since 1956 showing
cortical brain regions affected

Cortex— Cortex— Cortex—  White
Author (date) Case unspecified anterior posterior matter
Meyer (1956) 1 ++
2 +
3 ++
4 ++
5 ++
6 ++ +
Brierley & Cooper (1962) 1 + +
Adams et al. (1966) 1 ++ ++ ++
2 ++ ++ -
3 ++ ++ +
4 ++ ++ ++
5 + ++ minor
6 - ++ -
7 + ++ -
8 + ++ -
9 ++ ++ +
10 + ++ -
11 + ++ minor
Ginsberg et al. (1976) 1 - - ++
2 ++
3 - - ++
Cummings et al. (1984) 1 minor - -
\Volpe & Petito (1985) 1 - - -
2 — - —
Zola-Morgan et al. (1986) 1 - + -
Petito et al. (1987) 1 + n n
2 ++ o 0
3 + t t
4 ++
5 + e e
6 + X X
7 ++ a a
8 ++ m m
9 + i i
10 ++ n n
11 ++ e e
12 + d d
13 ++
14 ++
Revesz & Geddes (1988) 1 ++ ++ -
Rempel-Clower et al. (1996) 1 - - -
2 - + -
3 - - ++

Note.Minor = only very mild cell loss detected; = mild-moderate cell losst++ = severe cell
loss.

were reported to have isolated hippocampal abnormalities Two additional studies of the memory disorder associ-
(Press etal., 1989; Takashi et al., 1993). One of these studiased with anoxic episodes by Hopkins et al. (1995b, 1995c¢)
(Press et al., 1989) was specifically directed towards invescompared the performance of 11 known anoxic patients with
tigating the amnesic syndrome associated with hippocamt0 age-, sex- and education-matched controls. These pa-
pal abnormalities. The 3 cases in this report were thereforéients were chosen specifically because it was argued that
specifically selected, but only 1 of them was known to havein anoxia the brain damage may be more selective than in
an anoxic etiology. other pathologies associated with amnesia. While the mean
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Table 2. Analysis of neuropathological studies of hypoxic patients since 1956 showing subcortical
brain regions affected

Basal ganglia Basal ganglia

Author (date) Case Hippocampus striatum pallidum Thalamus
Meyer (1956) 1 ++ ++ + +
2 + - - -
3 ++ ++ ++ -
4 ++ + + +
5 + ++ ++ ++
6 ++ - ++ +
Brierley & Cooper (1962) 1 minor - - ++
Adams et al. (1966) 1 minor patchy - minor
2 minor + - -
3 + ++ - ++
4 - ++ - ++
5 - ++ ++ minor
6 minor ++ - ++
7 - - - ++
8 minor + - ++
9 - ++ ++ ++
10 + + + ++
11 minor - - ++
Ginsberg et al. (1976) 1 - - ++ -
2 ++ ++ - -
3 — — - -
Cummings et al. (1984) 1 ++ - - minor
Volpe & Petito (1985) 1 + - - minor
2 + - - minor
Zola-Morgan et al. (1986) 1 ++ - minor -
Petito et al. (1987) 1 - ++ n n
2 minor ++ o] o]
3 + ++ t
4 minor ++
5 + + e e
6 + minor X X
7 minor ++ a a
8 + ++ m m
9 ++ + i i
10 ++ ++ n n
11 ++ ++ e e
12 ++ ++ d d
13 ++ ++
14 ++ ++
Revesz & Geddes (1988) 1 ++ ++ ++ ++
Rempel-Clower et al. (1996) 1 ++ + minor
2 ++
3 ++

Note Minor = only very mild cell loss detected; = mild—-moderate cell losst+ = severe cell loss.

area of hippocampus was shown to be smaller in this grouCognitive Sequelae of Anoxic Episodes

of anoxic patients, the only extrahippocampal areas re-

ported were in the temporal lobes (Hopkins et al., 1995b)Two hundred and ninety-nine cases, in 36 papers that ex-
As has already been demonstrated isolated hippocampal immined cognitive or behavioral changes in detail, were an-
jury is an unusual outcome of cerebral anoxia. Hippocamalyzed in all (see Appendix). Three additional papers, which

pal abnormalities, whether in isolation or not, have notwere not amenable to numerical analysis because of the
always been detected in anoxic patients, even when coronaiethod of reporting of cognitive outcomes, were also con-

slices have been specifically examined (Hori et al., 1991)sidered for their important historical perspective (Fletcher,

https://doi.org/10.1017/51355617700611116 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617700611116

Neuropsychology of cerebral anoxia 91

1945; Meyer, 1956; Steegman, 1951). Articles that ex-greater than normal susceptibility to interference. In each
pressed outcomes in terms of global neurological as opease performance on the Wechsler Memory Scale was com-
posed to neuropsychological status were excluded from thpared with WAIS Full Scale 1Q (FSIQ) with discrepancies
analysis. ranging from 29 to 45 scaled points. Performance on the
Twenty-two of the 36 papers reviewed provided detailedwisconsin Card Sorting Test and on a test of verbal fluency
information about the cognitive status of individual pa- was normalin all 3 patients. One of the three was described
tients. In 14 papers only group data were reported, withouas being “unconcerned, apathetic and flat” in the acute phase,
analysis of the profiles of individuals within the group. Be- defined as the first few months after injury, but subsequently
cause of the difficulty comparing the results of these differ-his family members reported “some return of the ‘person-
ent approaches to data analysis, each paper was assignedtiy’ they used to know.” These observations were ex-
the category of an individual or a group study and each catplained in terms of an “acute phase,” comprising confusion
egory was reviewed separately. It is worth noting again thaissociated with unconcerned or apathetic mood, followed
often the studies reviewed were undertaken with the intenby a “stable phase” in which personality changes were
of exploring specific neuropsychological phenomena rathethought to have resolved.
than outcomes from anoxjzer se Volpe and Hirst (1983) and Volpe et al. (1986) argued
that the relative difference between recognition and recall
performance was greater for anoxic patients than that for
controls (Molpe et al., 1986). However, such a discrepancy

Sixty-seven detailed individual case reports in 22 papers wergéfween recognition memory and free recall has not always
reviewed. Methods of assessment ranged from interview ane€n observed in anoxic patients. Cummings et al. (1984)
observation (Allison, 1956; Collins & Jacobson, 1990; Re-reéported a 53-year-old man who sustained a cardiopulmo-
ich et al., 1983) to formal and extensive neuropsychologiN&Ty arrest and whose inability to form new memories was
cal assessment (see, for example, Milner et al., 1991; Hopkirf30t helped by prompting, cues or repetition. Corkin et al.
et al., 1995a). In most studies neuropsychological asses§1985) found no difference between recognition memory and
ment comprised at least the Wechsler Adult IntelligenceTe€ recall in a study that compared amnesics of different
Scales (WAIS) or Wechsler Adult Intelligence Scales—étiologies including cerebral anoxia.

Revised (WAIS—R) and the Wechsler Memory Scale (WMs) More recently Hopkins et al. (1995b, 1995¢) have ex-
or Wechsler Memory Scale-Revised (WMS-R). Addi- plored the specific characteristics of the memory disorder
tional neuropsychological testing was extremely varied. Testln @noxic brain injury in greater detail. Hopkins et al. (1995b)
ing of executive function, if formally assessed, was limitedfound an intact recency effect for item recognition in the
to the Wisconsin Card Sorting Test, the Halstead Categor{ce of severe memory deficits in hypoxic patients, in com-
Test and the Benton test of verbal fluency (Hopkins et al.Mon withamnesics of oth.er eno!o_g|es. Hopkins etal. (1995c)
1995a; Volpe & Hirst, 1983). Language assessment was usi@/so observed that anoxic participants’ memory for tempo-
ally minimal. Most frequently the Token Test of compre- ral order and spatial location is better on tasks that utilize
hension and the Boston Naming Test were used (see, fdtfior knowledge than on novel tasks.

example, Volpe & Hirst, 1983) but exceptions are discussed 1 he precise nature of the memory disturbance in anoxic
below. patients most likely depends on which brain structures are

affected and to what extent. Mackenzie Ross and Hodges
(1997) found well preserved knowledge of famous people
in the context of profound impairment of personally rele-
An amnesic syndrome was reported in 36 of 67 cases (54%yant autobiographical memory, which they suggested may
while memory disturbance without accompanying cogni-be attributable to the multifocal neocortical damage sus-
tive change was identified in 13 (19.4%) of them (Allison, tained by this patient, who presented with generalized in-
1956; Cummings et al., 1984; Hopkins et al., 1995a; Med-ellectual impairment and marked deficits in frontal executive
alia et al., 1991; Muramoto et al., 1979; Rempel-Clowerfunction in addition to the memory deficit.

et al., 1996; Volpe & Hirst, 1983; Whiteley, 1958). In all

cases an anterograde memory loss was recorded. A re”?’ersonality change, drive,

grade memory impairment was documented in only 4 case
Muramoto et al. (1979) reported the case of a 59-year-ol
carpenter in whom “pure memory loss” occurred following Of the 67 individual cases under review, changes in person-
inhalation anesthesia. While his capacity to register new inality and behavior or in some aspect of executive function
formation was severely impaired, he made no errors in judgewere noted in 31 (46.2%). Although the memory deficit was
ment in relation to his trade and there was no other evidenceften extensively examined, testing of other cognitive func-
of cognitive decline. Volpe and Hirst (1983) described antions tended to be much less exhaustive (Maiese et al., 1988;
isolated amnesic syndrome in 3 cases. The amnesia was saitlramoto et al., 1979; Volpe & Hirst, 1983). Reporting on
to be characterized by intact registration, severely dechanges in behavior and personality was more often based
pressed free recall, less depressed recognition memory, aoth clinical observation of patients than on formal assess-

Individual Case Studies

Amnesia

gmd executive function
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ment. It was not surprising, therefore, often to find such re-changes in executive function have attracted little atten-
ports in the psychiatric rather than in the neurologicaltion in this etiology. Reduced executive function in this
literature (Berlyne & Strachan, 1968; Collins & Jacobson,context refers to distractibility and difficulty with multiple
1990; McNeill et al., 1965; Reich et al., 1983). Formal as-tracking, impaired planning, and poor abstraction. Bengts-
sessment of executive function tended to be limited to onaon et al. (1969) observed reduced attentiveness, difficulty
or two tests, almost invariably with negative findings (Hop- with tasks requiring multiple tracking, new tasks or tasks
kins et al., 1995c) or with positive findings that were dis- requiring modification of behavior or response, as well as
missed because they appeared to be anomalous (see, eglowness of response in 10 of 20 patients. These authors
Hopkins et al., 1995a). either considered these symptoms to be negligible or to be
The most frequently reported change in personality wasttributable to some other cause of cerebral dysfunction.
either emotional lability and impulsivity, or alternatively a Reporting on 2 cases of “dementia” following episodes of
lack of emotional expression. Both of these were often asanoxic ischemia, Volpe and Petito (1985) described, in ad-
sociated with lack of concern. The case of Brierley and Coodition to forgetfulness, inability to think abstractly, or to
per (1962) was not only amnesic but was also said to havplan or complete actions.
demonstrated emotional lability with violent temper tan-
trums that did not resolve. That of Parkin et al. (1987) wasVisuospatial deficits

Qescnbed as s.hgwmg displays of despair Wh'Ch. were Ofte'aiomplex perceptual deficits are usually associated with le-
intense, uninhibited and prolonged. Ten of 20 individuals

sions of the lateral occipitoparietal cortex bilaterally, an area
i . e that is thought to be particularly vulnerable in anoxic en-
hibit emotional shallowness, irritability, or a tendency to cephalopathy (Howard et al., 1987). Visuospatial or, less

emotional lability. frequently, visual recognition problems were noted in 21 in-
Reich et al. (1983) reported on 6 survivors of cardiac arrest 9 Y, 9 P

e 0 .
who suffered from only mild cerebral impairment, manifestdlvIdual cases (31.3%) reviewed. Bengtsson et al. (1969)

primarily in personality changes and behavioral symptoms.reported reduced spatial ability, though not visual agnosia,

The patients were distractible, irritable, and disinhibited, with'" 6 of 22 cases.

. . . Parkin et al. (1987) reported difficulty in their patient’s

disturbances of impulse control and loss of judgment. On L 7 : . :

o . Identification of pictorial representations of objects, ani-

mental status examination they showed bland or labile af- . : N

- L — - " mals or people especially when a figure—ground discrimi-

fect, rigid thought patterns, and major disturbances of insight, __. . .

nation was required. She was also prosopagnosic. The case

empathy, and self-awareness. In each case the symptom X .

S . . of Auerbach and Hodnett (1990) also displayed gross im-
were initially mistaken for depression.

Adisorder of drive was cited in 13 of the 31 cases in thispairments_, in v_isual proc_essing, invol_ving a Balint's syn-
review considered to show disturbed behavior or personal‘—jrome with disturbed visual scanning, poor eye-hand

ity changes. McNeill et al. (1965) reported the case of acoordlnatlon and an inability to integrate visual input. Rizzo

49-year-old woman who, following a cardiac arrest Iackedand Robin (1990) reported 2 cases who had simultanagno-

: . : .sia following cardiac arrest and who were shown to have
drive and concentration, and demonstrated emotional labil:

ity in addition to being forgetful. Berlyne and Strachan (1968)bllateral mfargu_ons in the superior V|sual. assouano'n cor-
. . : . tex of the occipital lobes on CT. An acquired dyslexia has
characterized their patient as apathetic as well as amnesic

although they interpreted the inertia as a marker of a Kor-aISO been described occasionally (Parkin et al., 1987; Wil-

sakoff's psychosis rather than as a sign in its own right_Ianger et al., 1970). Carbonnel et al. (1997) reported a case

Among the deficits noted in 2 of the 6 cases of Reich et aLVVIth visual associative agnosia without other kinds of per-

(1983) were diminished drive and easy fatiguability, as We”ceptu_al def'C't' The wsuoperceptu_al problems reportgd n
as flatness of affect, anoxic patients frequently occur in the context of wide-

In addition to other changes in personality, the case o pread cognitive change (Auerbach & Hodnett, 1990; Par-

Parkin et al. (1987) was described as showing no evidence " etal., 1987).

of spontaneous conversation and an inability to initiate evenLanguage
the simplest act. Collins and Jacobson (1990) described a
patient following attempted hanging with persisting prob-Language has generally been considered to be preserved in
lems which included a loss of initiative. Feve et al. (1993)anoxia (Roine et al., 1993; Volpe et al., 1986). Although
examined movement and behavior in 4 cases whose prianguage has not been examined extensively, in a number
mary deficit following anoxic brain injury was an axial mo- of studies it has been reported to be normal. For instance,
tor impairment. Three of the 4 demonstrated inertia, withVolpe et al. (1986) reported normal performance on the con-
reduced language fluency also noted in 1. None of thes&olled word association test, preserved capacity to para-
patients was amnesic. All were shown to have bilateral lephrase proverbs and perfect performance on the Token Test
sions of the globus pallidus on MR scan. in their participants. Zola-Morgan et al. (1986) tested case
Although such an important textbook as that by LezakR.B. with Boston Naming and a screening aphasia battery
(1995) described a “reduced capacity for planning, initiat-and found no abnormalities other than an amnesic syn-
ing and carrying out activities” in association with anoxia, drome. Roine et al. (1993) tested word fluency, naming and

investigated by Bengtsson et al. (1969) were found to ex
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comprehension of short sentences but there was no detail a$31 cases. In a study of 9 survivors of cardiac arrest, Yarnell
to the tests used, while deficits were recorded only as th€1976) noted that marked inability to retain new informa-

presence or absence of aphasia, identified as present in ortipn was often accompanied by flat affect and loss of initia-
1 severely demented patient. tive. Wilson (1996) reported that the largest group in her

However, there have been more than occasional reporteries of 18 cases presented with deficits of both memory
of disturbed language function in such patients, with ex-and executive functioning.
pressive language problems more frequently reported than Kotila and Kajaste (1984) found that at follow-up all
receptive difficulties. Meyer (1956) described persisting dis-10 patients in their study demonstrated lack of drive.
orders of speech in 4 of 15 survivors of severe anoxia, inWillanger et al. (1970) observed that in their cases with pro-
cluding a reduction in spontaneous speech output, difficultyonged coma there was moderately severe intellectual im-
naming objects and a tendency to perseveration. In the pgairment affecting both memory and “abstract functions,”
pers under review, 6 patients (9%) were reported as havinut the latter concept was not elaborated. Roine et al. (1993)
marked language impairment. Three of the patients considzlaimed to have studied the “programming of activity,” but
ered by Bengtsson et al. (1969) to have evidence of cerebr#his was done on the basis of observation and an unexplained
impairment related to their cardiac arrest, either had wordating system rather than by standardized examination. Nev-
finding difficulties or impaired memory for names. In nei- ertheless, they reported that 24 to 28% of their patients had
ther report was there any elaboration of the phenomenorproblems with this aspect of cognition while 16 to 24% were
Amongst the 6 cases studied by Reich et al. (1983), 1, whesaid to have had problems with “motivation” at 12 months.
had previously been a witty extemporaneous speaker, was Six papers reported visuospatial deficits but again these
noted to have word-finding difficulties and trouble complet- were not well defined. All 10 cases in the study by Kotila
ing sentences. Language was said to be the least affect@d Kajaste (1984) were said to demonstrate constructional
function in the case of Parkin et al. (1987) but while com-apraxia, while “spatial disturbances” were noted in 9. Ar-
prehension was intact, she was described as having womengol and Moes (1986) noted “impaired visuospatial func-
finding difficulties resulting in often tortuous circumlocu- tions” in all their 9 patients. Roine et al. (1993) reported
tions. The case of Carbonnel et al. (1997) was described agsuoconstructive dyspraxia in 28% of cases 12 months fol-
presenting a clinical picture involving a selective word com-lowing a cardiac arrest. Willanger et al. (1970) noted “spa-
prehension deficit for animal names although abstract wordial confusion” and visual agnosia in 1 case and “spatial
comprehension was preserved. confusion” and constructive apraxia in a second.

Most surprising, in view of the presumption that lan-
guage is usually spared in this pathology, was that language
was also found to be affected in 5 of these 13 studies. In a
Fourteen group studies involving 232 cases were revieweccomparison of amnesic syndromes of different etiologies,
These included four abstracts (Armengol & Moes, 1986; Ko-Corkin et al. (1985) found that while all patients appeared
tila & Kajaste, 1984; Maiese et al., 1988; Willanger et al.,to have normal language comprehension, and while there
1970). As indicated earlier, two of these investigations weravere no differences between the groups on a test of lan-
directed at characterizing the memory defipitr serather  guage comprehension (Token Test), the mean score for the
than outcomes of anoxic events, although other cognitivanoxic patients was significantly lower than that for all other
functions than memory were assessed (Hopkins et al., 1995Qroups on a test (the Reporter’s Test) used to assess lan-
1995c¢). These two papers both report data for 11 cases, prguage production. All of the 9 patients with anoxic enceph-
sumably the same, recruited from the same sources aklopathy studied by Armengol and Moes (1986) had
though that was not stated. The cases have only been countkdguistic problems to varying degrees. Grosswasser et al.
once for this review. (1989) reported that 29% of their cases were affected by

Memory deficits were found to be a significant outcome memory disturbances as well as by a moderate-to-severe dis-
in all 14 papers. In three of them an amnesic syndrome or ability in communication reflected in their language, spe-
significant deterioration in recent memory function was con-cifically in their naming ability. Kotila and Kajaste (1984)
sidered to be the only significant outcome (Hopkins et al.,noted dysphasia in 4 of 10 patients in the acute phase fol-
1995b; Maiese et al., 1988; Volpe et al., 1986). lowing a cardiac arrest. They did not report specifically on

In over half of these group studies, nine papers, changethe outcome in relation to language at follow-up 5 to 15
in behavior, personality, or executive function were docu-months later.
mented. Such changes were generally not well defined. Big-
ler an_d A.Ifano. (1988) noted that addmonfal, generallzedDISCUSSION
cognitive impairment commonly accompanied the memory
deficits. Earnest et al. (1980) found that the patient or famThe most significant problem in comparing reports in this
ily reported significant changes in the patient’s personalityarea is that the majority of studies of neuropsychological—as
or mental status in 12 of 20 cases still living 3 years afteropposed to neurological—outcome have been retrospec-
out-of-hospital cardiac arrest. Grosswasser et al. (1989) sintive. Only one group study, with sufficiently detailed neuro-
ilarly reported undefined “behavioral disturbances” in 24 psychological assessment to be included in this review, was

Group Studies
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prospective (Roine et al., 1993). Most reported cases aret al., 1986). At the same time it has been demonstrated that
therefore highly selected, with a view to demonstrating orthe hippocampus is one of the most vulnerable cerebral struc-
describing a particular outcome or phenomenon associatddres to anoxic conditions and, furthermore, that within the
with lesions in brain structures of interest. Cases with genhippocampus the pyramidal neurones in the CA1 zone of
eralized, nonspecific, or focal deficits but not consideredthe hippocampus are the most liable to compromise (Ng
relevant to the particular hypothesis have tended to go uret al., 1989; Petito et al., 1987; Squire, 1992; Zola-Morgan
reported (Bhatia & Marsden, 1994). et al., 1986). The amnesic syndrome that occurs in associ-
Another issue was the enormous variability among studation with cerebral anoxia has therefore largely been attrib-
ies in terms of the severity of anoxic events experienced byted to hippocampal atrophy, with that pathology confirmed
the participants and the period over which they were fol-in a small number of cases (Cummings et al., 1984; Mura-
lowed. For example, all patients in the study by Gross-moto et al., 1979; Petito et al., 1987; Volpe & Hirst, 1983;
wasser et al. (1989) had a coma duration of more than 24 ttola-Morgan et al., 1986, 1992).
and all were referred for inpatient rehabilitation. In con- However, the phenomenon of amnesia has not been as-
trast, patients were only excluded from the study by Roinesociated exclusively with the hippocampus and postanoxic
et al. (1993) if they responded to verbal commands immeamnesia has not invariably been associated with hippocam-
diately after resuscitation. The many sources of variabilitypal changes. Experimental evidence has demonstrated that
in the phenomenology of anoxic episodes themselves weresions to the anterior thalamic nuclei, the fornix and the
reviewed in the introduction. Variability in selection of pa- hippocampus can all produce comparable memory deficits
tients must add further to the heterogeneity of reported profAggleton & Sahgal, 1993; Gentilini et al., 1987; Graff-
files of anoxic patients. Radford et al., 1990; Mishkin, 1982; von Cramon et al.,
1985). Neuropathological evidence has demonstrated an am-
nesic syndrome following hypotensive anesthesia, in the
presence of only minor hippocampal lesions (Brierley &
Cooper, 1962). In that case, significant cell loss was found

While most attention has focused on damage to the hippd?0th in the anterior nuclear complex and in the dorsomedial
campus fo||owing anoxic brain injury, damage to SeveramUCleUS of the thalamus. This pattern of flndlngS—Wlth rel-
brain regions has been demonstrated consistently. The bative sparing of the hippocampus but marked lesions of the
sal ganglia, watershed cortex, thalamus, and cerebellum atBalamus—was also confirmed in other cases (Adams et al.,
all also liable to be affected. Furthermore, watershed cerel966) but without accompanying documentation of mental
bral cortex and the basal ganglia have been reported to Bgatus.

involved more frequently than the hippocampus, while the It has also been suggested that there may be a character-
basal gang“a are more liable than the hippocampus to b§tiC memory deficit associated with lesions of the dorsolat-
the sole injured region. What is the relationship betweereral prefrontal cortex and caudate nucleus (Cummings,
the pattern of distribution of lesions and the documented993). Unlike amnesic syndromes associated with lesions

neuropsychological sequelae of cerebral anoxia? of the hippocampus or thalamus, frontal amnesic deficits
are characterized by poor recall with relative preservation

) of recognition abilities. Cummings (1993) has argued that
Neuropsychological Sequelae the reason for this is that the frontal-subcortical circuits me-
of Cerebral Anoxia diate memory activation and search functions rather than
storage; lesions produce deficits of information retrieval with
relatively preserved recognition. Although the anoxic case
A disturbance of memory function was noted in 36 individ- of Cummings et al. (1984) did not show such a deficit, this
ual cases of 67 reviewed. In 13 cases the memory deficibutcome from cerebral anoxia has been identified (Volpe
was considered to be an isolated amnesic syndrome. Menet al., 1986). No pathological correlation of such a finding
ory deficits were also found to be a significant outcome inhas been demonstrated. The presence of a retrieval deficit
14 group studies, and the only significant outcome in 4 ofin some but not all anoxic patients may be explained on the
these. These results confirmed that a memory deficit is &asis that some patients have a degree of disruption to the
likely but not inevitable outcome of this pathology. They frontal system, by virtue of infarction of the frontal water-
also suggested that most often the memory deficit occurs ished cortex or because of basal ganglia involvement, or both.
the context of other cognitive change.

An association between amngsic Qisordgrs and the,Stru‘F’ersonality and behavior
tures of the mesial temporal region, in particular the hippo-
campus, has long been established (Milner, 1966; ScovillBehavioral changes associated with lesions of the prefron-
& Milner, 1957; Shimauchi et al., 1989; Squire, 1992; Zola- tal region have been amply demonstrated (see, e.g., Fuster,
Morgan & Squire, 1993). Circumscribed bilateral lesions 0f1989; Stuss & Benson, 1986). They include changes in such
the CAL field of the hippocampus have been identified incapacities as the orderly planning and sequencing of com-
amnesic patients (Rempel-Clower et al., 1996; Zola-Morgarplex behaviors, the ability to attend to several components

The Neuropathological Substrates of
Cognitive Changes in Cerebral Anoxia

Memory
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simultaneously or to alter flexibly the focus of concentra-ganglia, there has been scant documentation of the neuro-
tion, the capacity to grasp the context and gist of a complexyathological underpinnings of such behavioral changes in
situation, the ability to follow multistep instructions, the in- the context of anoxic events. However, there has been sug-
hibition of immediate but inappropriate response tendengestive functional imaging. In the study of Strub (1989) al-
cies, and the ability to sustain behavioral output withoutthough MRI showed no evidence of damage to the frontal
perseveration (Mesulam, 1986). cortex itself a decrease in blood flow in the right superior
Changes in personality, behavior or some aspect of exedrontal lobe was demonstrated by single photon emission
utive function were noted in 31 individual cases of 67 re-computed tomography (SPECT). In positron emission to-
viewed and in 8 of 14 papers involving group studies. Suchmography (PET) studies of 7 patients all with behavioral
changes were frequently neither well defined nor vigor-changes associated with lesions presumed to be restricted
ously investigated. Sometimes, changes in personality ant the lentiform nuclei, Laplane et al. (1989) found signif-
behavior were observed but were dismissed as transient @arant cortical glucose hypometabolism in lateral and medio-
inconsequential (Caronna, 1979; Finkelstein & Caronnafrontal cortical regions in most participants in the absence
1978; Volpe & Hirst, 1983). However, the alternative view— of cortical atrophy. The latter authors specifically raised the
that these constitute some of the significant and permanemjuestion as to whether the observed frontal hypometabo-
sequelae of cerebral anoxia—has also been strongly prdism might be a remote effect of the lentiform lesions due to
moted. Indeed in a survey of amnesias of different etiolo-deafferentation of frontal cortex.
gies, Signoret (1985) went so far as to suggest that becauseOn the basis of these studies, and given the neuropatho-
personality changes including indifference and apathy, atogical outcomes identified in cerebral anoxia it is possible
well as attentional difficulties are common in this setting, itto speculate that in cerebral anoxia anterior brain regions
is rare to find an isolated amnesic syndrome arising fronmmay be liable to insult from dual mechanisms: both by vir-
anoxia. tue of a direct effect on vascular supply of oxygen to the
Changes in personality and behavior in the studies underortex itself and by virtue of a disconnection of the anterior
review were documented more often on the basis of obsercortex from the basal ganglia.
vation than formal examination (Allison, 1956; Reich et al.,
1_983). Attempts to identify_ such _phenomena_through indi‘\/isuospatial deficits
vidual tests such as the Wisconsin Card Sorting Test or the
FAS Verbal Fluency test generally failed (Hopkins et al., Visual agnosia and associated visuoperceptual problems have
1995h, 1995c; Volpe & Hirst, 1983). This lack of evidence been identified in the context of bilateral damage to the oc-
of impairment on single tests has been interpreted as eveipital visual radiations, the parietal lobes, or to the inferior
dence of normal frontal function in anoxic patients. How- temporo—occipital junction. Sufficient pathology for the pro-
ever it has been noted elsewhere that patients with frontaluction of visual object agnosia includes either extensive
lesions may have quite unremarkable neurological and neurdeft medial occipital lobe destruction or bilateral cortical—
psychological examinations and that quantifiable frontal syssubcortical occipital lobe lesions with disconnection of visual
tem deficits in standard tests are not always impressivareas from both the left speech area and the limbic system
(Mesulam, 1986; Shallice & Burgess, 1991). (Bauer & Rubens, 1985). The rarity of these syndromes is
The anatomical specificity of “frontal lobe” syndromes likely to be due first to the fact that if the optic radiations
(Cummings, 1993) has also been challenged by the obseare damaged by infarcts of greater size visual field defects
vation of similar behavioral changes—including disordersrather than agnosias are produced; and second, if of smaller
of executive function, personality changes, and moodsize then precise bilateral lesions are required (Alexander
disturbances—in patients with lesions in other brain re-& Albert, 1985). Although there were some dramatic cases
gions, most notably the basal ganglia (Alexander & Crutcherwith bizarre and profound perceptual deficits amongst the
1990; Bhatia & Marsden, 1994; Richfield et al., 1987; Strub,cases reviewed, complex perceptual deficits or visual rec-
1989). The most commonly reported changes associated withgnition deficits were observed in only 21 individual cases.
basal ganglia lesions include loss of motivation and initia- In cerebral anoxia, the watershed cortex including pos-
tive, loss of cognitive flexibility, reduction in both mental terior watershed areas has been frequently found to be com-
and behavioral activities, blunting of affect, and reduced opromised. In most reported cases this has resulted in less
altered verbal output (Damasio et al., 1982; Galynker et al.profound perceptual disturbances than either a visual object
1995; Laplane et al., 1984; Naeser et al., 1982; Richfielcagnosia or a Balint’s syndrome. Such deficits were found in
et al., 1987; Strub, 1989). This phenomenon has been e% of 13 group studies but were typically not well defined.
plained on the basis of the connectivity between separat8evere perceptual problems were identified in only a small
regions of the basal ganglia each of which projects to a difnumber of single-case studies (Auerbach & Hodnett, 1990;
ferent part of the frontal lobes (Alexander et al., 1986;Parkin et al., 1987). Where the perceptual disturbance has
Alexander & Crutcher, 1990; Bhatia & Marsden, 1994; Cum-been closely examined, the perceptual problem itself has
mings, 1993; Mendez et al., 1989). formed the focus of the study in question with the anoxic
Although behavioral syndromes have been observed ietiology merely incidental (see, e.g., Milner et al., 1991,
the presence of lesions to both frontal cortex and the bas&izzo & Robin, 1990).
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Language Aggleton, J.P. & Sahgal, A. (1993). The contribution of the ante-

L . rior thalamic nuclei to anterograde amnesigeuropsycholo-
Although language function is generally regarded as being gia 31, 1001-1019.

spared in this pathology, there is considerable evidence thafiexander, M.P. & Albert, M.L. (1985). The anatomical basis of
expressive language may be impaired. The most striking ev- visual agnosia. In A. Kertesz (Edl)pcalization in neuropsy-
idence for this proposition in the studies reviewed here was chology(pp. 393—-415). New York: Academic Press.

that defective language was identified as a significant outAlexander, G.E. & Crutcher, M.D. (1990). Functional architecture
come in 5 of the 14 group studies. In every case expressive Of basal ganglia circuits: Neural substrates of parallel process-
rather receptive language function was identified as prob- ing- Trends in Neurosciencds3, 266-271.

lematic. The study by Corkin et al. (1985) was the only onel€xander, G.E., Delong, M.R., & Strick, P.L. (1986). Paralle| or-
specifically to address this question; they found that while ganization of functionally segregated circuits linking basal gan-

- . - . . : . —gliaand cortexAnnual Review of Neurosciend® 357-381.
amnesics of different etiologies did not differ in the perfor Allison, R.E. (1956). Discussion of the clinical consequences of

mance on a test of language comprehension, anoxic pa- ;g epra| anoxiaProceedings of the Royal Society of Medigine
tients scored substantially worse on a test of language 49 09-614.

production. A neuropathological basis for a language disorames, A. (1973). Discussion in symposium on the threshold and
der in anoxia has never been addressed. However, descrip- mechanism of anoxic-ischemic brain injuirchives of Neu-
tions of transcortical motor aphasia arising principally from  rology, 29, 363-366.

damage to the anterior watershed zones bear a striking résmengol, C.G. & Moes, E.J. (1986). Neuropsychological pro-
semblance to the expressive language disorder described in files of patients with anoxic encephalopattipurnal of Clin-
anoxic patients: preserved comprehension and repetition ac- ical and Experimental Neuropsycholagy 120. _
companied by impaired naming (Benson, 1993). Ascher, P. & Nowak, L. (1987). Electrophysiological studies of

There is a rich and informative literature on the subject NMDA receptors Trends in Neurosciengd0, 284-293.
of behavioral and cognitive outcomes from cerebral anoxiéAuerbaCh’ V- & Hodnett, C. (1990). Neuropsychological follow-up
in a case of severe chlorine gas poisoniNguropsychology

that has been largely ignored in the pursuit of a specific phe- 4 155_115.

nomenon, that of a relatively isolated amnesic syndrome ifgaer, R.M. & Rubens, A.B. (1985). Agnosia. In In K.M. Heilman

the context of damage to the hippocampus. Such a pure out- g E. valenstein (Eds.)Clinical neuropsychology2nd ed.,
come only infrequently results from anoxic events. Analy-  pp. 171-242). New York: Oxford University Press.
sis of neuropathological and structural imaging studies oBauer, R.M., Tobias, B., & Valenstein, E. (1993). Amnesic disor-
patients with cerebral anoxia clearly demonstrates that a net- ders. In K.M. Heilman & E. Valenstein (Eds@jinical neuro-
work of brain regions is liable to be compromised. This net-  psychology(3rd ed., pp. 523-602). New York: Oxford
work involves the watershed cortex, the basal ganglia and University Press. o
the thalamus, as well as the hippocampus. Detailed reviel€"9tsson. M., Holmberg, S., & Jansson, B. (1969). Apsychiatric-
of published cases reveals that the watershed cortex, the basalPSychological investigation of patients who had survived cir-
ganglia and the thalamus are all just as likely as the hippox culatory arrestActa Scanc_;llnawca Psychlatrlcas, 327-346. _

. . . Benson, D.F. (1993). Aphasia. In K.M. Heilman & E. Valenstein
campus,lfnqtmoreso,to b(_a compromised byar_l anoxic event. (Eds.), Clinical neuropsychology3rd ed., pp. 17-36). New

Although in recent studies the most attention has been yqrk: Oxford University Press.

paid to an amnesic syndrome following anoxic episodesperlyne, N. & Strachan, M. (1968). Neuropsychiatric sequelae of
the clinical presentation of anoxic patients is as likely to  attempted hangindritish Journal of Psychiatryl14, 411—422.
manifest as changes in personality, behavior and executivighatia, K.P. & Marsden, C.D. (1994). The behavioral and motor
function as it is in an amnesic syndrome. Disorders of visuo- consequences of focal lesions of the basal ganglia in Braim,
perceptual function and of expressive language have also 117 859-876. _
been identified repeatedly. This constellation of deficits haigler, E. & Alfano, M. (1988). Anoxic encephalopathy: Neuro-
been shown to fit very well with identified neuropatholog- radiological and neuropsychological findingschives of Clin-

. : ical Neuropsychology3, 383-396.
ical outcomes from anoxic events. Boylan, K.B., Chin, JH., & DeArmond, S.J. (1990). Progressive

dystonia following resuscitation from cardiac arredeurol-
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Appendix
AUTHORS AND CASES INCLUDED Collins & Jacobson (1990) 1 case
IN THIS REVIEW Cummings et al. (1984) 1 case
Feve et al. (1993) 4 cases
. . Hopkins et al. (1995) 3 cases
Neuropathological Studies Mackenzie Ross & Hodges (1997) 1 case
McNeill et al. (1965) 1 case
Adams et al. (1966) 11 cases .
Brierley & Cooper (1962) 1 case migallatetlal.lglgfl), 12 cases
Cummings (1984) 1 case eretal. ( ) case
. Muramoto et al. (1979) 1 case
Ginsberg et al. (1976) 3 cases .
Parkin et al. (1987) 1 case
Meyer (1956) 6 cases Reich et al. (1983 6
Petito et al. (1987) 14 cases Relr; el Ce:ll. \(N ; t) L (1996 3cases
Rempel-Clower et al. (1996) 3 cases Cmpek-tlower etal. ( ) cases
Rizzo & Robin (1990) 2 cases
Revesz & Geddes (1988) 1 case Volpe & Hirst (1983) 3 cases
Volpe & Petito (1985) 2 cases Volge & P:etito (1985) 2 cases
Zola-Morgan et al. (1986) 1 case Whiteley (1958) 1 case

Structural Imaging Studies Group Studies

Boylan et al. (1990) lcase  Armengol & Moes (1986) 9 cases

Hopkins et al. (1995b) 11 cases pijgler & Alfano (1988) 12 cases

Hori et al. (1991) lcase  corkin et al. (1985) 3 cases

Kjos et al. (1983) 10 cases Egrest et al. (1980) 20 cases

Murray et al. (1987) S Cases  Finkelstein & Caronna (1978) 10 cases

Ohkawa & Yamadori (1993) 1case Grosswasser et al. (1989) 31 cases

Press et al. (1989) 1case Hopkins et al. (1995a, 1995h) 11 cases

Roine et al. (1993) D2 cases Kotila & Kajaste (1984) 10 cases

Sawada et al. (1990) 1case \ajese et al. (1988) 9 cases

Takahashi et al. (1993) 6 cases Roine et al. (1993) 59 cases

Tippin et al. (1984) 1case \plpe et al. (1986) 6 cases
Willanger et al. (1970) 25 cases

Individual Case Studies Wilson (1996) 18 cases
Yarnell (1976) 9 cases

Allison (1956) 10 cases

Auerbach & Hodnett (1990) lcase Hjstorical Studies

Bengtsson et al. (1969) 20 cases

Berlyne & Strachan (1968) 1 case Fletcher (1945)

Brierley & Cooper (1962) 1case Meyer (1956)

Carbonnel et al. (1997) 1 case Steegman (1951)
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