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INTRODUCTION resuscitationgyear of which over 70,000 patients survive

. . Bachman & Katz, 1997). In addition to cardiac or respira-
In recent years there has been gxtenswg resgarqh N neul ry arrest, a variety of disorders such as asthma, cardiac
psychological sequelae of a variety of etiologies, mc:ludlngdisease or surgery, carbon monoxide poisoning, attempted

traumatlti]_bralﬂ injury, dgmenélla, stroke, P‘;"/\r/‘_(t'mﬁns dls'hanging,complications of anesthesia, near downing, obstruc-
ease, schizophrenia, and cardiac surgery. Wi € EXCeRe sleep apnea, chronic obstructive pulmonary disease,

tion of stroke and cardiac surgery, significantlyfewerstudiesstroke’ and acute respiratory distress syndrome result in

have been published regarding neuropsychological OUnoxia or ischemia. The prevalence of these disorders var-

come in adults with disorders associated with anoxia Ofes. For example, acute respiratory distress syndrome affects

:jsche_mla.d(_)uttgomet_s r?searclh tl'n anoxic or |schem||(_: d_'ts%rr_nore than 150,000 adults per year in the United States
€rs in pedialric patient populations are even more fimited Rubenfeld, 2003), 55,000 childréyear are born with very

Prev_|ous research on the effects.of anoxia and 'SCh‘"‘.rT“ w birth weight (Gislason & Benediktsdottir, 1995; Young
on brain and behavior has emphasized focal abnormalmeét al., 1997), and the prevalence of obstructive sleep apnea
in the medial temporal lobe and the associated memor ' '

¥s 2 to 4% from preschool to mid-adulthood (Martin et al.
deficits (Zola-Morgan et al., 1986). This work has formed 0 P ( ’

the backb ¢ deretandi f the behavioral f 2002). The combined prevalence of all angkéchemic
ne backbone ot our understanding ot the behavioral TUNCy;qq qarg suggests that if neuropsychological sequelae are
tion of the medical temporal loidiencephalic memory sys-

common, this could present an important public health prob-

tems. However,_ these focal lesions are the exceptions AN8m and the incidence of neuropsychological morbidity must
not the rule (Caine & Watson, 2000). Emergency and Criti-p o better understood

cal care medicine has improved survival resulting in many

patients with less focal injuries and frequently more severe

deficits due to etiologies, such as acute respiratory distress

syndrome. This symposium explores neuropsychological oulL—JNDERLYING MECHANISMS

comes in a variety of disorders with concomitant anoxia onschemia is defined as insufficient blood delivery due to
ischemia in pediatric and adult populations, covering a variinterruption or reduction of blood delivery to the brain (i.e.,
ety of etiologies including acute respiratory distress syncardiac arrest or stroke), anoxia is total absence of oxygen
drome, obstructive sleep apnea, pediatric stroke, and outconglivery to tissues (e.g., due to decreased blood oxygen
in very low birth weight infants. levels or decreased perfusion), hypoxia is reduction of oxy-
gen supply to the tissues (e.g., decreased blood oxygen lev-

els, or problems with tissue oxygen utilization) below
PREVALENCE AND ITS IMPLICATIONS physiologic levels despite adequate perfusion of the tissue

Recent improvements in emergency and critical care med?Y P100d, and hypoxemia is below normal oxygen content
icine have resulted in approximately 200,000 cardiad” arterial blood due to deficient oxygenation of the blood
usually resulting in hypoxia (Kuroiwa & Okeda, 1994). There

. . are at least four primary ways to decrease oxygen delivery
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(3) inadequate blood flow; and (4) cytopathic hypoxia duelevels of excitatory amino acids such as glutamate (Martin
to impaired production of adenosine triphosphate (ATP)et al., 1994; Siesjo et al.,, 1989). More vulnerable brain
despite adequate availability of oxygen in the cells (Fink,regions include the neocortex, hippocampus, basal ganglia,
1998). The brain is the most complex organ in the body anderebellar Purkinje cells, primary visual cortex, frontal
is continually active resulting in high energy consumption.regions, and thalamus (Chalela et al., 2001). Different brain
Under normoxic conditions approximately 95% of brain regions may develop cellular injury at different times. For
ATP is produced aerobically (Lutz & Nilsson, 1994). In example, basal ganglia and cortex damage occurs in the
anoxia or ischemia decreased ATP production without dirst few hours post anoxjaschemia, whereas hippocam-
concomitant decrease in utilization result in energypal damage may not be apparent for several days to weeks
deficiencyfailure setting off a cascade of interconnected(Kuroiwa & Okeda, 1994). Anoxia may result in diffuse
biochemical events that ultimately results in neuronal deathbrain injury with global atrophy (Bachevalier & Meunier,
Over the last decade both vivo andin vitro models 1996; Caine & Watson, 2000) or more focal damage, such
have elucidated the mechanisms by which anoxia or ischas hippocampal atrophy (Hopkins et al., 2004; Manns et al.,
emia damage the brain. For reviews of the mechanisms s&#903; Zola-Morgan et al., 1986). Other brain structures that
Biagas (1999), Johnston et al. (2002), and Kuroiwa andare vulnerable to anoxfégschemia injury include the basal
Okeda (1994). The mechanisms of neuronal injury includeganglia, and cerebellum (Armengol, 2000). White matter
(1) decreased ATP production without decreasing ATP uti-damage may also occur with lesions in the cerebellar white
lization, resulting in energy depletion, ionic pump failure, matter (Mascalchi et al., 1996), subcortical and periventric-
K+ outflow, and inflow of C&+ (Lutz & Nilsson, 1994); ular white matter lesions (Parkinson et al., 2002), and cor-
(2) lactic acidosis due to anaerobic metabolism (Siesjopus callosum (Porter et al., 2002).
1981); (3) excitotoxic damage from excess release of glu-
tamate leading to increased neuronal firing, calcium influx,
and.neuronal death (Johnston et al., 2002), 4) mcr?aseIQEUROPSYCHOLOGICAL SEQUELAE
calcium influx and intracellular accumulation of calcium
due to ionic pump failure (Schurr et al., 1990); (5) the for- Not surprisingly, given the heterogenous damage, neuro-
mation of oxygen radicals during reperfusion or reoxygen-psychological deficits following anoxia or ischemia are vari-
ation, xanthine oxidase catalyzes xanthine to uric acicable and include apperceptive agnosia (Farah, 1990),
resulting in superoxide (oxygen radicals), which impairsimpaired memory (Hopkins et al., 2004; Manns et al., 2003;
cell proliferation, gene expression and disrupts membran&ola-Morgan et al., 1986), executive function (Hopkins et al.,
function (Biagas, 1999); (6) nitric oxide synthase (NOS)1995; Lezak, 1995), visual—spatial skills (Findley et al.,
expressed in inflammatory cells (i.e., macrophages) leadt986) and generalized cognitive abilities (Wilson, 1996).
ing to impaired neurotransmission, protein synthesis, and/lotor disturbances also are reported including problems
membrane peroxidation (Biagas, 1999). Thus, anoxia owith posture, gait, involuntary movements, as well as Par-
ischemia causes a pathophysiological cascade that leadskmsonian symptoms, and limb apraxia (Lishman, 1998).
neuronal damage and death. Affective morbidity includes depression (Gale et al., 1999),
Anoxia or ischemia also results in necrosis Amdapop-  anxiety (Bruno et al., 1993), personality changes, and emo-
tosis. Necrosis occurs due to edema and rupture of the cedilonal lability (Chapel & Husain, 1978).
sending the intracellular contents into the extra cellular space, Perinatal anoxia, stroke and obstructive sleep apnea in
resulting in the influx of inflammatory cells and vascular children are associated with neuropsychological morbidity
disruption (Biagas, 1999). Apoptosis is programmed cellincluding decreased intellectual function (Gottfried, 1973),
death with associated cell shrinkage, DNA fragmentationjmpaired sensory abilities, attention, and memory in one
cellular changes and appearance of apoptotic bodies, sestudy (Robertson & Finer, 1993) and impaired memory,
ondary inflammation and fibrosis (Steller, 1995). Neuronsperceptual-motor skills, and executive function in another
in the anoxic—ischemic region die from necrosis, neurons irstudy (Maneru et al., 2001). Morbidity following very low
the penumbra (e.g., bordering areas) die from necrosis anuirth weight and its associated complications such as anoxia
apoptosis, and distant neurons may initially survive anddue to respiratory distress, include cognitive impairments,
then may undergo delayed apoptotic cell death (Beilharsensory deficits, poor academic achievement, memory and
et al., 1995). attention deficits, and behavior disorders which may persist
into adulthood (Gadian et al., 2000; Maneru et al., 2003).
In summary, neuropsychological outcome following
VARIABILITY OF DAMAGE anoxic or ischemic evenf[s is.a relqtive'ly new and important
area for neuropsychological investigation and previous stud-
Regional brain oxygen utilization is not homogeneous. Somés have identified significant neuropsychological deficits.
brain regions are potentially more vulnerable to the effectlRecent advances in empirical neuropsychological tech-
of anoxig/ischemia, particularly structures at the end of theniques and functional imaging will increase our understand-
vascular supply, which have high metabolic rates (Brierleying of the effects of anoxia and ischemia on the brain and
& Graham, 1984), antbr proximity to structures with high improve our ability to assess more subtle impairments.
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SYNOPSIS persists into adolescence and early adulthood, indicating

The ¢ ffects of h . dischem that early brain insults result in long-term cognitive and
e long-term effects of hypoxia and ischemia on neuropap ., .o al morbidity.

thology and neuropsychological outcome are increasingly

tShe focu§ of curre%t researghf. The Papers '”(’;“.“‘SZSO“ colleagues’ assessment of attention at age 12 and 13 years
ymposium provide new information regarding the pat, cpijqren with stroke lesions acquired before or after 1 year

terns of neuropsychological impairments, affect, and func-of age found that earlier onset of brain injury has greater

:'r?rﬁ)l otL;tlcor'ne |In adtglts ang c'hlldren.. CurrtenttQa? ‘:‘ugg_eséffects on attention than later brain injury. Children with
that both lesion location and size are important in de er_mmyounger age at lesion acquisition had greater attentional
ing the extent and sev_erlty_of neuropsychological deficits, roblems than children who were older at the time of stroke.
gor exam_ple, rr:grr:o(rjytlmfhalr?ents may dep?_'nd E_n Wh?thl he children with stroke lesions had significantly worse
amage is resricted to the hippocampus (Hopkins et a attention compared to normal controls. Larger lesions and

2004; Zola-Morgan et al., 1986), basal forebrain (D'amondlesions in the alerting and sensory-orienting networks (pari-

et al,, 1997, Myer et al., 2002), or whether the d"’“”n"’lgeetal lobes, temporo—parietal junction, frontal eye-fields, and

mc!udes other brain areas (Bachevalier & Meunier, 1996'thalamus) were associated with worse attentional function.
Caine & Watson, 2000).

Acut iratory dist d is ch terized bThese findings provide additional support to the mounting
cute respiratory diStress syndrome 1S characterized by, jqence that early age at acquisition of diffuse and focal
lung injury and hypoxemia and is associated with high MO, rain injuries are associated with worse long-term neuro-

ta“Fy rates, and_survwors _e>_<h|b|t S|gn|f|qant_neuropsygho-psychological outcome than injuries acquired later in
logical and functional morbidity. The contribution of Hopkins childhood

et al. assesses neuropsychological and functional outcome

in adult patients with : ratory dist d Neuropsychological morbidity is well documented in
In adult patients with acute respiratory diStress Syndrome, y i< ith obstructive sleep apnea. Adults with obstructive

They prospectively followed survivors of acute respiratorySleep apnea have impaired attention, memory, executive

d|stress.syndror.ne and assessed th_e relqtlonsh|ps be.tweﬁ'ﬁction, and spatial abilities (Kales et al., 1985), that cor-
deprt_assmn, armety, decreased qpallty of!|fe, and cognitivgeate with severity of the nocturnal hypoxemia (Bedard
functl'on.. Surwvors (.Jf. acgte rgspwatory dlstregs syndromeet al., 1991). Research on the neuropsychological effects of
_had significant co_gnltlv_e Impairments, depre_ssm_n and aXsbstructive sleep apnea in children is limited. The contri-
lety and low _quallty_ of life 1 year after hOSp't‘f‘l dlscharge_. bution of Beebe et al. assesses neuropsychological morbid-
The low quall_ty of In‘e_ was related to depression and anX"ity in school-aged children with obstructive sleep apnea
ety but not with cognitive sequelae. compared to healthy children. They assessed neuropsycho-
logical outcome and its relationship to sleep and hypoxia
Pediatric Populations using p.olysomnograp.hy and parent—r.eport'ed sIeep prpb—
lems using a standardized sleep questionnaire. The findings
Three of the papers in this Symposium are devoted tsuggest that neuropsychological morbidity including, atten-
the effects of anoxidschemia in pediatric populations. tion, executive function, impulse control, and behavioral
Advances in neonatal care have resulted in the survival odnd emotional regulation are associated with the degree of
increased numbers of children with very low birth weight sleep abnormality and likely with hypoxia in school-aged
(<1500 g; 31Ib 5 0z). These children are at risk for neonatathildren with obstructive sleep apnea.
complications including intraventricular hemorrhage, peri-
ventricular leukomalacia, birth hypoxia, and chronic lung Conclusions

disease that are as;ociateq with cognitive sequelae (Frisk igﬁdividuals with anoxi¢ischemic brain injuries are at sig-
\{\ég)gepiafn‘la:'%%lg;]; _:nczj“gg:;ye%?és, a?%ﬁé;?:iiryoﬁggt’iIpificant risk of developing diffuse andr focal brain injury

Lo ' ! o g and concomitant neuropsychological and functional impair-
ities and behavioral disorders (Whitfield et al., 1997). Thements both in childhood and adulthood. A multifaceted
contribution of Taylor and colleagues assessed long-term ' '

(mean age 16 years) cognitive outcome of children Wi,[happroach that integrates basic science, structural and func-

very low birth weight and the relationships between cogni-tlonall neuroimaging, neuropsychological assessment, and

7 : . . . measures of functional outcome are needed to further char-
tive impairments and severity of chronic lung disease (dura- . . . S
cterize the effects of anoxischemic brain injury. In order

tion of neonatal oxygen requirement) and neonatafl

. . - ' o develop treatments and improve rehabilitation, addi-
periventricular pathology (ultrasound findings). The find- tional research is needed reaarding mechanisms of iniur
ings indicate the children born with very low birth weights 9 9 jury

i . S . . and outcomes following anoxitschemic related disorders.
have long-term impairments in visual-motor skills, spatial

memory, and executive function. Predictors of outcome

included lower weight for gestational age and longer dura-REFERE'\ICES

tion of oxygen treatment, suggesting that infants who weréxrmengol, C.G. (2000). Acute oxygen deprivation: Neuropsycho-
more severely ill had worse outcome than infants that were |ogical profiles and implications for rehabilitatioBrain Injury,
less ill. The findings suggest that early cognitive morbidity 14, 237-250.
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