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Abstract

Hypoxia damages multiple organ systems especially those with high oxygen utilization such as the central nervous
system. The purpose of this study was to compare the neuropathological and neuropsychological effects of hypoxia
in patients with either carbon monoxide poisoning or obstructive sleep apnea. Neuroimaging revealed evidence

of hippocampal atrophy in both groups although a linear relationship between hippocampal volume and memory
performance was found only for selected tests and only in the sleep apnea group. There were significant correlations
between hippocampal volume and performance on measures related to nofinéshaktion processing.

Generalized brain atrophy, as measured by the ventricle-to-brain ratio, was more common in the carbon monoxide
poisoning group compared to the obstructive sleep apnea group. Performance on tests of executive function
improved following treatment with nasal continuous positive airway pressure treatment in the obstructive sleep
apnea group but there was no associated improvement in general intellectual function. We found that hypoxia

due to obstructive sleep apnea and CO poisoning resulted in neuropathological changes and neuropsychological
impairments. The observed group differences provide insight into the relationship between etiology of injury,
neuropathological changes, and clinical presentatidiNg 2004,10, 60-71.)
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INTRODUCTION Exposure to CO may damage multiple organ systems,
c houdahti hol is that the etiol f especially those with high oxygen utilization, including the
urrent thought in neuropsychology is that the etiology of &, oy ascular and central nervous system (for general over-

partl_cular neurological injury will determme the_ neuropath-view’ see Raub et al., 2000). The mechanisms by which CO
ological changes and neuropsychological profiles that occu

followina the ini H direct ! fth Lauses cellular damage are complex and multifactorial. Al-
oflowing the injury. However, direct comparison o er_]euro'though the neuropathologic changes associated with CO
pathologic (i.e., morphometric) and neuropsychological ef

f followi bral h 2 d qiff olodi ‘poisoning are related to CO-induced hypoxia (CO binds to
ects fo owing cerebral nypoxia, due to ol erent ?t'o ogic hemoglobin) (Okeda et al., 1981), other biochemical mech-
mechanisms has rarely been carried tutiivo neuroimag-

. ) . . . ) anisms appear to be involved in cellular damage. Other
ing techniques provide uniqgue methods to investigate the pat

loaic effects that followina h - tients with nechanisms include binding of CO to various intracellular
ologic eflects that occur folowing hypoxia In patients wi proteins (Piantadosi, 1987), neuro-excitotoxicity (Jarrard

obs’_[ructive sIeepapnea(OSA)orcar_bon monOXid? (CO) PO Meldrum, 1993), ischemig&reperfusion injury (Thom,
soning. Comparison of morphometrlc heuroimaging an_aly- 90), and apoptosis (Piantadosi et al., 1995). Previous stud-
ses and neuropsychological outcomes permits evaluation s using quantitative magnetic resonance imaging (QMRI)
the similarities and differences between the two disorders., . .« <t own hippocampal and fornix atrophy, and general-
ized ventricular enlargement; a sign of whole brain atrophy
Reprint requests to: Shawn D. Gale, Ph.D., ABPP-Cn, Department ofOHOWing CO exposure (Gale et al., 1999; Hopkins et al.,
Clinical Neuropsycholdgy, BarroW Neurélogicéi Institute, 222 W. Thomas&993; Kesler et al'{ 2001; ReynOIds.et al., 1999) These
Road, Suite 315, Phoenix, Arizona 85013. E-mail: s2gale@chw.edu  structural changes likely reflect selective sensitivity of spe-
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cific cerebral structures to hypoxia (for review, see Caine &had LDS Hospital IRB approval, conformed to institutional
Watson, 2000). Neuropsychological impairments are freand federal guidelines for the protection of human subjects,
quently reported following CO poisoning, including im- and written informed consent was obtained. All CO pa-
paired memory, attention, visuospatial skills, executivetients were treated with 100% normobaric oxygen or hyper-
function, and constructional praxis (Hopkins et al., 1993;baric oxygen following the poisoning (4 patients were
Thom et al., 1995; Weaver et al., 2002). intubated). The CO patients’ mean age wast38.0 years
The effects of acute and chronic hypoxia are well known,(range= 27-52 yearsMDN = 38.0 years) and mean edu-
whereas less is known regarding the effects of intermittentational level of 15= 3.0 years (range 8—20 yearsMDN =
hypoxia. Obstructive sleep apnea (OSA) is a sleep disordet5.0 years). The mean COHb level was 26.0 and 40% of
that results in the absence (apnea) or reduction (hypopneggatients lost consciousness. A physician independently con-
of airflow lasting at least 10 s despite normal respiratoryfirmed diagnosis of CO poisoning and all patients were
exertion (Guilleminault et al., 1978; Kelly et al., 1990). The referred for brain imaging and comprehensive neuropsycho-
apnea and hypopnea result in decreased oxygen saturatitogical evaluation. The mean time from CO exposure to
levels in the blood (hypoxemia) and disruption or fragmen-MRI and neuropsychological testing was 22-43.8 months
tation of the sleep cycle. OSA affects an estimated 2 to 4%range= 4—45 monthsMDN 17.8 months). A detailed de-
of the middle-aged population and the prevalence increasexcription of this group has been reported elsewhere (Gale
with age (Bliwise et al., 1994; Young et al., 1993). Com- et al., 1999).
mon symptoms include excessive daytime sleepiness (EDS), The OSA patients were recruited as part of a prior treat-
snoring, gasping or choking during sleep, headaches (espaent study and initial findings and patient characteristics
cially upon waking), irritability and mood disturbance, per- are described elsewhere (Walker et al., 1999). Patients with
sonality change, motor restlessness, and cognitivevidence of daytime hypoxemia were excluded from the
impairments (Agency for Health Care Policy and Researchstudy. The OSA patients mean age was 5211 years
1998; Guilleminault et al., 1978;). The cognitive and be-(range= 33—68 yearsMDN = 51.0 years) and mean edu-
havioral manifestations associated with OSA are related tocational level was 14+ 1.8 years (range= 12-18 years;
both intermittent hypoxia and sleep fragmentation (BarthMDN = 14.0 years). The mean baseline oxygen saturation
et al., 1993; Bédard et al., 1991, 1993; Berry et al., 1986was measured by a pulse oximetry (Sa@f 90.2+ 5.0
Findley et al., 1986; Valencia-Flores et al., 1996). Patient{MDN = 92), which is within the normal range. Results
with OSA may exhibit impairments in vigilance, attention, from polysomnography showed a mean respiratory distress
short-term memory, general intellectual functioning, exec-index (RDI) of 83.6+ 18.1 (MDN = 84.5) and mean per-
utive dysfunction, visuospatial function, and psychomotorcent sleep time below a Sa@f 90% was 65%+ 33.6
speed (Bédard et al., 1991; Findley et al., 1986; see alsgMDN = 82%). The mean minimum Sg@uring polysom-
Rourke & Adams, 1996). Thus, the neuropsychological im-nography was 53.% 17.5 (MDN = 53.0). No data was
pairments in OSA patients with intermittent hypoxia areavailable regarding duration of OSA. All OSA patients un-
similar to those observed following CO poisoning and as-derwent neuropsychological evaluation and neuroimaging
sociated acute hypoxia. within several days of polysomnography. Neuroimaging oc-
Previously we reported hippocampal atrophy following curred prior to treatment with nasal continuous positive air-
CO poisoning (Gale et al., 1999; Hopkins et al., 1995a) andvay pressure (nCPAP) and did not delay treatment.
OSA (Gale et al., 2000; Walker et al., 1999). Although theNeuropsychologic testing, but not neuroimaging, was re-
two disorders have different etiologies, both disorders mayeated in the OSA patients after 6 months of nCPAP
result in neuropathologic changes secondary to hypoxiatreatment.
hypoxemia. The purpose of this study was to compare the
QMRI and neuropsychological outcome between patient®rocedures
with a history of CO poisoning and patients with a recent . .
diagnosis of OSA. We were also interested in the effects ofN€Uroimaging
treatment for the patients with OSA; as such both pre and/R images were acquired at 1.5 Tesla with a quadriture
post treatment neuropsychological profiles were comparetiead coil using standard clinical protocols. Parameters were
to the CO group. as follows: (1) sagittal T1-weighted (5001/2; TR/TE/
excitations); (2) axial intermediate and T2 weighted (3000
31; 90/1) spin echo images; and (3) coronal intermediate

METHODS and T2-weighted (3801, 10%2) fast spin echo. The sag-
ittal and axial images had a slice thickness of 5 mm with a
Research Participants 2 mm interslice gap acquired on a 256192 matrix with a

field of view of 22 cm and 24 cm in the axial and sagittal
Twenty patients (11 males, 9 females), with moderate tglanes, respectively. The coronal images were 3 mm thick
severe accidental CO poisoning were compared to 14 senterleaved sections with a field of view of 22 cm on a
vere OSA patients with normal daytime blood gases (1512 X 256 matrix. Imaging parameters as well as our nor-
males, 2 females). There were no differences in ethnic omative QMRI database have been reported in detail else-
racial characteristics between the two groups. The studwhere (Bigler et al., 1997; Blatter et al., 1995).
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Volumetric analysis Beck, 1987), and Beck Anxiety Inventory (BAI; Beck &

- . teer, 1993). Since previous studies suggest generalized in-
Images were quantified as described by Blatter et al. (1995, kllectual decline occur in both groups, the Oklahoma pre-

using the software ANALYZE (Biomedical Imaging Re- morbid intelligence estimation method (OPIE; Scott et al.,

source, 1993). Quantitative (volumetric) analyses of cere-1997) was used to assess change in intellectual function.

bral structures pbta|ned from MRI. were performed per theDi1‘ference scores were obtained by subtracting FSIQ score
methods described previously (Bigler et al., 1997; Blatter]crom the OPIE score

et al., 1995; Gale et al., 1995; Hopkins et al., 1995a). Hip- Raw test scores were convertedtzores i1 = 0; SD= 1)

Focan:_pal rell_a?|llty Wgs_ .t92 ar;l% '98;. atr)l_(li_taddltl(()jnal mb dbased on available normative data. When possiblezthe
ormation on inter- andn ra-r.a er reliabiiity are .escrl €Ascore took into account age, education, and sex. The nor-
elsewhere (Bigler etal., 1997, Blatter et al., 1995; Hopkins ative data from Heaton et al. (1991) were used to convert

etal., 1995a). The rater (SDG) for image analysis was blimﬂe data from the WAIS—R subtests (e.g., Block Design

to diagnosis, sex, age, and neuropsychological test scor . . .
Two QMRI measures, ventricle-to-brain ratio (VBR) andeISigIt Symbol and Vocabulary), Trail Making Test (Parts A

hippocampal volume are the focus of this study. Adetailec%nd B), and finger oscillation test. Trials 1 and 6 of the
o . ' AVL wer nver r ing norms stratifi
description of the QMRI methods is beyond the scope o ere converted ta scores using norms stratified by

this paper. Briefly, regions of white matter, gray matter, andflge and sex (Geffen etal., 1990). Delayed recall raw scores

b inal fluid dentified and plotted t rom the ROCFD were converted #scores using norma-
cerebrospina’filid were identilied and plotied to represent, 4, reported by Meyers and Meyers (1995). Verbal
pixel signal intensity. Utilizing dual-echo images (intermedi-

: . . - _fluency (total number of words on the FA3)scores were
a}te and T2-_we|ghted) enhanceq accurate signal Identlflca(EaIcuIated using normative data described by Tombaugh
tion. A multispectral segmentation was performed on theet al. (1999). The subtests from the WMS—R (Logical Mem-
two spatially registered images from the foramen magnu ; '

. r?}ry and Visual Reproduction) were convertedztscores
to the vertex_(see BIatFer etal, 1.995)' Thus, this type 0using data provided in the manual (Wechsler, 1987). Since
Q.MRI analysis results in volumetric rather than plan'met'the normative data in the WMS-R manual are interpolated
o s g1 8065 2534, s reportd by iteberg e . (19

. 9., 1ale . were used. After transforming neuropsychological test scores
and fourth ventricles) by total brain volume and multiply- to z scores, composite function indices were created by av-

ing by 100 (Blatt_er et al., 1995)._S|nce VBR take_s Into eraging these scores within each cognitive domain. Descrip-
account total brain volume there is no need to adjust for

brain size. VBR has been shown to be a measure of genetrl—on and calculation of the cognitive domains are presented
. . . in Table 1.
alized atrophy (i.e., whole brain volume loss; Barker et al.,
1999; Bigler et al., 2000; Blatter et al., 1997; Gale et al
1995). VBR was defined as abnormal if it was at least 1
standard deviations above the mean compared to age afanotional function, depression and anxiety were assessed.
sex stratified normative data. The presence of depression was defined as a raw score of
Hippocampal volumes were measured in the coronal slice$4 or greater on the BDI aridr a T-score of 63 or greater
(see Bigler et al., 1997). Hippocampal atrophy is defined asn the Depression scale of the SCL-90-R. Anxiety was
a hippocampal volume of 1.5 standard deviations below thelefined as a raw score of 10 or more on the BAI forda
mean of the normative sample (see below). Each subject$-score of 63 or more on the Anxiety Index scale of the
QMRI volumes were converted toscores using data from SCL-90-R. To evaluate the effect of treatment with nCPAP
our normative data (Bigler et al., 1997; Blatter et al., 1995).0n emotional function in the OSA patients, improvement in
Total hippocampal measures are reported as volume¥)(cmdepression or anxiety were defined as scores in the normal
and age and sex adjustedcores. VBR measures are re- range on both the Beck and SCL-90-R scales for scores
ported as ratios and age and sex adjugtecores. that were initially elevated.

'?sychological function

Neuropsychological assessment Statistical analysis

The two groups differed in some of the neuropsychologicalndependenttests were used to compare demographic vari-
tests administered: the CO group was seen for clinical reaables between the CO and OSA groups. Non-continuous
sons (data is archival), while the OSA patients were part oflata comparisons between groups (e.g., percent of patients
a prospective study. Therefore, only the neuropsychologiwith hippocampal atrophy) were analyzed using Fisher’s
cal tests administered to both groups will be reported. Théxact Test. Correlations between imaging variables and med-
neuropsychological tests included the Wechsler Adult Intelical and neuropsychological data were performed using Pear-
ligence Scale—Revised (WAIS-R; Wechsler, 1981), Wechson correlations.

sler Memory Scale—Revised (WMS-R; Wechsler, 1987), To reduce Type | error, tests that were thought to assess
Rey Auditory Verbal Learning Test (RAVL; Rey, 1964), similar cognitive functions were grouped together to create
Rey-Osterrieth Complex Figure (ROCFD; Rey, 1941), Traila single score. Eight domain scores were calculated; each
Making Test Parts A and B (Reitan & Wolfson, 1985), SCL—one representing a dependent variable of interest. Separate
90-R (Derogatis, 1994), Beck Depression Inventory (BDI;verbal and visual memory domain scores were created to
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Table 1. Neuropsychological tests and cognitive domains

Cognitive domain Neuropsychological tests Calculation of index
Verbal WAIS-R Vocabulary Heaton Norms
Spatial WAIS-R Block Design Heaton Norms
Motor Finger Oscillation Speed (DominatitNon-Dominant) 2
Processing speed WAIS-R Digit Symbol (Digit Symbol + Trails A)/2
Trail Making Test A
Executive Trail Making Test B (Trails B+ FAS Totaly2
FAS
Attention WMS-R AttentiofiConcentration Index  Standard
Verbal memory WMS-R Logical Memgr & Il (LMI + LMIlI + RAVL1 + RAVL 6 + RAVL Total)/5
RAVL
Trial 1
Trial 6
Total of Trials 1 through 5
Visual memory WMS-R Visual Reproductid & 11 (VRI + VRIlI + ROCFD)3

Rey-Osterrieth Complex Figure—Delay

Note.All scores were transformed toscores prior to averaging for domain scores.

The abbreviations are as follows: WAIS=RWechsler Adult Intelligence Scale—Revised; WMS=RVechsler Memory Scale—Revised;
RAVL = Rey Auditory Verbal Learning Test; RAVLE Rey Auditory Verbal Learning Test first trial; RAVL& Rey Auditory Verbal
Learning Test recall trial; LMI= Logical Memory |; LMIl = Logical Memory Il; VRI = Visual Reproduction |; VRII= Visual
Reproduction II; and ROCFB- Rey-Osterrieth Complex Figure Test.

investigate associations with left and right hippocampal vol-differ on level of educationt[32) = 1.49,p > .05], FSIQ
umes. A profile analysis was used to analyze differences iift(32)= —0.72,p > .05], or estimated FSIQ (OPIE)([B2) =

the pattern of neuropsychological performance between the-0.27,p > 0.05]. Although estimated premorbid levels of
CO and pre-treatment OSA groups. A profile analysis isintellectual function using the OPIE did not differ between
essentially a repeated measures multivariate analysis of vaithe groups, within groups comparisons showed that the mea-
ance (MANOVA) designed to compare two or more groupssured FSIQ (WAIS—-R) was significantly lower than the es-
on a series of test scores (Johnson & Wichern, 2002; Staimated premorbid 1Q | < .001).

vens, 1996). First, the profiles are tested for parallelism.

Parallel profiles would suggest that one group scored uni ; . T

formly higher than the other group while non-parallel prO_NeurOImaglng findings
files would suggest a group by variable interaction. SecondHippocampal atrophy occurred in 30% of CO patients and
if the profiles are found to be parallel then they are tested t@6% of OSA patients. The Fisher’s Exact Test (two-tailed)
determine if they are coincident. Profiles are considered tghowed the percent of patients with hippocampal atrophy
be coincident if the groups scored the same across all vardid not differ between the group ¢ .70). While 35% of
ables, that is, performance on the first variable (or domainjCO patients had generalized brain atrophy, as measured by
were equal to performance on the second variable and senlarged VBR, none of the OSA patients had increased VBRs
forth. Finally, if the profiles are found to be coincident they (p < .05).Z scores for hippocampal volume are presented
are then tested to determine if they are level; if there arén Table 2. Direct comparison of hippocampus and VBR
equal scale means. Since a profile analysis requires th@fetween the groups was problematic due to the large vari-
scores be equally scaled, test scores were transformed tability. For this reason natural log (LN) transformations of
scores (described above). In addition to the profile analysishe morphometric measures were carried out to reduce the
arepeated-measures MANOVA was carried out to compareffects of outliers and differences in variance between groups
pre-nCPAP performanceersuspost-nCPAP in the OSA (see Altman, 1991). Since natural log transformations can-
group. not be carried out on negative numbers, #recores were
converted to T-scores. The VBR LN transformation scores
were 4.16 (.55) and 3.86 (.18) for the CO and OSA groups,
respectively p = .058). Hippocampal LN transformation

) scores were 3.68 (.47) and 3.67 (.26) for the CO and OSA
Group Differences groups, respectivelyg = .957).

Hippocampal volumes correlated with Pa@ direct mea-
sure of oxygen saturation, to examine the relationship be-
Demographic variables are presented in Table 2. There waseen oxygen saturation and cerebral morphology in OSA
a significant age difference between the OSA and CO grouppatients. There was a significant correlation between oxy-
[t(32) = —4.48,p < .001]. However, the groups did not gen saturation and total hippocampal volunme= .621;

RESULTS

Demographics
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Table 2. Demographic variables by diagnostic group

CO OSA
Variable M SD M SD
Age 38.45* 6.61 52.21 11.27
Education 15.05 2.96 13.71 1.82
FSIQ 100.60 14.66 103.93 11.08
OPIE 110.10 8.39 110.86 7.72
FSIQ-OPIE differenck -95 -6.9 6.16
Total hippocampal volumez(score) -0.74 1.30 —-0.95 0.95
Hippocampal LN transformation 3.68 A7 3.67 .26
Ventricle-to-brain ratio £ score) 2.79 7.33 -0.21 0.84
Ventricle-to-brain ratio LN transformation 4.16 .55 3.86 .18

*Significant difference between CO and OSAf € .01).

1within-group comparisonsp( < .01).

Note.The abbreviations are as follows: FS#QFull Scale Intelligence Quotient; OPH Oklahoma Premorbid Intelligence Estima-
tion; and LN= Natural Log Transformation.

R? = .385,p < .01) [Figure 1]. The correlations between and 3) indicating that there was no Gro¥gCognitive Do-
oxygen saturation and left or right hippocampal volumesmain interaction. The OSA group performance was better

were significanty = .581 and .630, respectively. for all domains. The average profile score across all cogni-
tive domains was-.49 (.62) and-.06 (.47) for the CO and
Neuropsychological outcome OSA groups, respectively. The profiles were not coinci-

dent; equality of profiles was not supporteH([L,32) =
The neuropsychological test results are presented in Tables387,p < .05] indicating that the performance was variable
and 4. Results from the profile analysis indicated that theacross the domains. Finally, the profiles were not level
profiles were parallelff (7,26)= 2.19,p > .05] (Figures 2 [F(7,26)= 5.15,p < .05] indicating the means were un-
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Fig. 1. Correlation between total hippocampal volunzes€ore) and PaQin OSA patients.
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Table 3. Neuropsychological variables (T-scores or standard Index scores) by diagnostic group

CcO OSA-pre OSA-post
Variable M SD M SD M SD
FSIQ 100.60 14.66 103.93 11.08 106.21 12.27
VIQ 100.57 11.29 103.36 10.04 104.43 8.66
PIQ 100.95 16.54 104.07 13.36 107.71 16.91
Digit Symbol 46.52 9.39 45.29 6.03 47.86 8.63
Block Design 46.62 10.79 48.29 11.61 51.14 9.53
Digit Span 42.71 9.67 47.43 4.73 47.71 6.37
WMS-R Verbal 90.95 15.43 101.00 13.21 110.43 12.82
WMS-R Visual 101.85 20.12 113.50 16.99 117.14 13.98
WMS-R GMI 92.70 17.94 105.00 14.70 114.07 12.49
WMS-R Attention 91.95 14.98 102.71 11.38 101.50 13.42
WMS-R DRI 87.85 17.14 109.07 17.84 109.43 17.76
ROCFD Delayed Recall 34.30 12.12 45.14 10.95 53.36 14.03
RAVL Trial 1 43.15 10.85 48.29 12.94 54.07 13.88
RAVL Trial 6 41.60 14.47 54.50 7.39 52.79 11.79
RAVL Total 41.53 11.70 53.13 8.32 54.05 10.13
Trail Making Test A 44.67 10.40 46.14 12.06 48.00 9.41
Trail Making Test B 41.10 10.04 45.14 7.64 48.43 7.73
FAS Total 36.74 11.48 32.93 7.79 38.29 12.54

Note.The OSA-pre group is pre-treatment with nasal nNCPAP and the OSA-post is post nCPAP.

The abbreviations are as follows: FS#)ull Scale Intelligence Quotient; VI& Verbal Intelligence Quotient; PI& Performance
Intelligence Quotient; WMS—-R- Wechsler Memory Scale—Revised; GMIGeneral Memory Index; DR Delayed Recall Index;
ROCFD= Rey-Osterrieth Complex Figure Design; RA¥ Rey Auditory Verbal Learning Test; and FASVerbal Fluency.

equal. Significant domain differences were found for atten-Table 6. Positive correlations were found for hippocampal
tion [F(1,32)= 4.53,p < .05], verbal memoryl(1,32)=  volumes and selected cognitive domain scores. There were
8.03,p < .05] and visual memoryH(1,32)=8.23,p<.05].  no significant correlations between hippocampal volume
and memory domain scores. However, for the OSA group,
some memory test scores (included in the memory domain

Measures of depression and anxiety were generally norm ores) significantly correlated with hippocampal vqum.e.
in the OSA group but mild to moderately elevated in the -or example, delayed recall of the ROCFD correlated with

CO group. Table 5 consists of the descriptive statistics fron{Ight (r =.672,p <.01) anq left ( = .439,p > .05) hip- .
the BDI, BAI, and SCL-90—R. pocampal volumes, and Trial 6 of the RAVL correlated with

right (r = .715,p < .01) and left ¢ = .702,p < .01)
hippocampal volumes in the OSA group.

All of the cognitive domain scores were collapsed to form
a composite score, Total Profile, which correlated with hip-
pocampal volume (see Table 6). Finally, two additional com-
posite scores were calculated to evaluate the association
between morphology and memargrsusnon-memory per-
One-tailed Pearson correlation coefficients for hippocamformance. Results in Table 6 indicate the non-memory com-
pal volume and cognitive domain scores are presented iposite score correlated with hippocampal volume for both

Psychological function

Relationships Between Neuroimaging and
Cognitive Domains

Correlations between hippocampal volume and
cognitive domains

Table 4. Cognitive domaire scores by diagnostic group

Diagnostic Processing Verbal Visual
group Verbal Spatial Motor speed Executive Attention memory memory
(60)
M -.14 —.24 —.10 —.45 —.68 —.54 -.79 -1.01
SD .95 .99 77 .96 .76 1.00 1.00 1.19
OSA
M .09 -.17 A1 —.43 —.67 .18 .18 .24
SD a7 1.16 72 .85 .57 .76 .69 1.11
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Fig. 2. Profiles of performance across cognitive domains by group.
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Fig. 3. Index scores from the SCL-90-R by group. T-scores from the SCL-90-R hdvef &0 and aSD of 10. A
T-score= 63 is considered to be abnormal.
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Table 5. Descriptive statistics by group on measures of affect the OSA group. These findings were not unexpected since
the OSA patients had normal VBRs. For the CO group,

co OSA only the Attention domain significantly correlated with VBR

Measure M SD M sb  (r=—.296,p=.045).

SCL-90-R Scales . .
SOM 5810 10.43 6171 891 Neuro_psychologlcal and emotional outcome
ocC 71.61 944 618  11.67 following nCPAP
IS 62.94 9.90 55.57 1173 p repeated measures (within subjects) MANOVA showed
DEP 65.90 10.56 60.36 8.63 significant improvement in the cognitive domain profile in
ANX 64.94 12.50 52.36 11.39 .
HOS 63.44 10.77 53 29 10.63 the OSA group after 6 months of trgatment 'WI'[h nCPAP
PHOB 59.83 12.63 5229 g21 [F(7,7)=6.52,p < .05]. The Executive functioa score
PAR 58.00 12.48 50.07 10.67 increased an average of .43 (.55), with a median increase
PSY 65.67 9.63 53.14 9.72 of 0.47. Sleep parameters were improved at 6 month
GSlI 67.06 10.26 58.64 11.41 follow-up with the RDI decreasing from 83.6 18.1 to
PST 61.50 10.19 55.14 9.46 19.2 £+ 13.1 and minimum SagQincreased from 53.%
PSDI 64.22 8.04 56.43 10.52 175to 70.0+ 17.7.

Beck scales Psychological function for the OSA group was in normal
BDI 14.70 8.12 9.43 6.65 range prior to nCPAP (Table 5 and Figure 3) but there was
BAI 13.55 7.27 8.79 5.73

evidence of a general decrease in the number of symptoms
Note Abbreviations are as follows: SOM Somatization; OG- Obsessive- repprted following treatn_1ent. FQ”Y percent of the OSA
Compulsive; IS= Interpersonal Sensitivity; DEP Depression; ANX= patients had elevated Distress indices on the SCL-90-R

Anxiety; HOS = Hostility; PHOB = Phobic Anxiety; PAR= Paranoid  that were in the normal range following nCPAP. Depression
Ideation; PSY= Psychoticism; GS¥ Global Severity Index; PSF Pos-

itive Symptom Total, PSDE Positive Symptom Distress Index; BB scores (S_CL_QO_R Depression I_ndex MBDI) were
Beck Depression Inventory; and BAl Beck Anxiety Inventory. elevated in 50% of the OSA patients prior to treatment;

14% were still reporting depressive symptoms following
NCPAP. Similarly, anxiety scores were elevated in 50% of

groups, but there were no significant correlations with thetN® OSA patients prior to treatment and only 21% had ele-

memory composite score. vated anxiety scores at follow-up.
Correlations between VBR and cognitive DISCUSSION
domains

This is one of the first studies to utilize QMRI to compare
In contrast to the correlations between hippocampal volthe neuropathological and neuropsychological effects of
ume and cognitive domains in the OSA group, there werdypoxia-related injury between two etiologic groups. Con-
no significant correlations between cognitive domain scoresistent with previous research demonstrating hippocampal
and VBR. Similarly, VBR did not correlate with Sg@n atrophy following hypoxia in humans (Manns et al., 2003),

Table 6. Correlations between hippocampal volume and neuropsychological domains and composites

CcoO OSA
Measures Left Right Total Left Right Total
Domains
Verbal .088 .076 .083 .523* .604* .579*
Visuospatial .210 .395* .305 .810** .736** 792**
Motor .532%* .332 A49* .019 —.056 —.056
Processing A444* .490* .481* 431 .384 .384
Executive .494* .555** .539** .340 A70* 415
Attention .183 A444* .314 .225 .243 .243
Verbal memory .042 .208 122 .234 .301 .301
Visual memory 112 .252 .182 291 .346 .346
Composites
Total profile .374 .516* .453* .681** .692** .705**
Memory .086 .249 .166 311 431 .380
Nonmemory .483* .589** .548** .769** 715 763
*p < .05.
**p < .01.
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rats (Davis et al., 1986), and monkeys (Zola-Morgan et al.thermore, Beebe and Gozal (2002) suggested injury to the
1992), there was evidence of the neuropathological effectprefrontal cortex, rather than medial temporal lobe struc-
of hypoxic brain injury. QMRI findings showed that a sim- tures, is responsible for the neurocognitive and neurobehav-
ilar percentage of patients in both groups had hippocampabral dysfunction associated with OSA (Beebe & Gozal,
atrophy. In contrast, generalized atrophic changes (i.e., er2002). Consistent with this finding, our study found that
larged VBR) were found only in the CO patients. Group executive dysfunction was the most common cognitive im-
differences were not due to age or sex, as the QMRI pairment in our OSA group. In contrast, the CO patients
scores were derived using normative data stratified by agkad deficits in executive function and attention and memory.
and sex. We did not find strong correlations between measures of
The dissimilarity of the VBR findings between the hyp- memory and hippocampal volume. The lack of association
oxic groups in this study was unexpected and raises theay be due to the limited number of patients with hippo-
question of why the differences occur. There are severatampal atrophy (approximately 30%), comparison with
possible reasons for the differences between the groupmemory domain score (several measures of memory) rather
First, the groups may differ in terms of severity of the hyp-than individual memory test scores, or that hippocampal
oxia. In the CO group, the CO exposure was moderate tatrophy may be a nonspecific indicator of cerebral injury.
severe as indicated by their elevated COHb levels and losSonsistent with the latter possibility, nonverbal tasks and
of consciousness. Thus, the patients in the CO group mayeasures of hypoxemia were related to hippocampal vol-
have had a more severe hypoxic episode compared to thene. Similar findings were reported by Cheshire et al. (1992)
OSA group resulting in additional neuronal injury and con-who found Block Design, Digit Symbol, and lower 1Q were
comitant atrophy. associated with breathing abnormalities in OSA patients.
Second, the groups may differ due to moderation of tis-Greenberg et al. (1987) reported impaired perceptual—
sue damage from brief intermittent hypoxia instead of aorganizational skills in OSA patients. Bédard et al. (1991)
single episode of longer duration. Therefore, the duratiorfound that OSA patients with severe hypoxemia were more
of hypoxia may account for the more severe generalizedmpaired on visuospatial tasks compared to individuals with
brain atrophy observed in the CO patients. Alternatively, itmoderate hypoxemia. In addition, studies indicate that the
has been suggested that the long-term effects of chroniceuropsychological impairments in OSA are similar to those
intermittent hypoxia, such as occurs in OSA, can result ifound in other hypoxiganoxic conditions which include
cerebral vascular problems, neurodegeneration, and neurbeth memory and non-memory dependent functions (Kelly
cognitive deficits due to the cumulative effects of the hyp-et al., 1990; Roehrs et al., 1995). Thus, hippocampal atro-

oxia (Neubauer, 2001). phy may represent the severity of brain injury and is asso-
Third, the groups may differ due to neuronal damageciated with diffuse cerebral impairment.
related to the direct an@r indirect cytotoxic effects of CO. Both groups in our study had evidence of decreased in-

Differences in VBR between the groups in our study maytellectual function compared with estimated premorbid in-
be due to the CO-induced cytotoxic effects independent ofelligence levels. Nonetheless, 1Q scores were in the average
tissue oxygenation (Piantadosi et al., 1997b). For exampleange. Bédard et al. (1991) found individuals with severe
Choi (1983) described a delayed neurological syndrom@®SA had lower FSIQ and executive dysfunction (Trails B)
following CO poisoning that presents weeks after CO iscompared to individuals with moderate OSA, which were
removed from body tissues, suggesting mechanisms thaelated to severity of hypoxemia and not vigilance or sleep-
may be independent of hypoxia. Animal research has showimess. These findings are consistent with those of the cur-
neuronal apoptosis and necrosis following CO-induced hyprent study. Bédard et al. (1993) tested OSA patients prior to
oxia (Piantadosi et al., 1997a). A study by Piantadosi et aland 6 months post treatment with nCPAP and found im-
found minimal damage to the hippocampus while damagerovements in FSIQ, but not Trail Making Test Part B or
to the frontoparietal cortex was extensive. A case report o¥erbal Fluency. In contrast, patients in our study improved
fatal CO poisoning in a 41-year-old man, including a de-on Trail Making Test B and Verbal Fluency but no improve-
tailed histological examination of the brain, suggested thatment in FSIQ was observed. Our patients were similar in
the necrotic and apoptotic lesions were not explained byge, level of hypoxemia, and baseline FSIQ to those in the
hypoxia alone (Uemura et al., 2001). Finally, the combina-Bedard et al. 1993 study but had a higher education level
tion of all of the above might contribute to the observed(13.7 = 1.8 vs. 11.7 + 2.6) which may suggest a more
differences in VBR between the CO and OSA groups. significant reduction in FSIQ and therefore no post-treatment
Previous research has suggested that the hippocampircrease in FSIQ. Previous research has reported improve-
may be more vulnerable to hypoxic injury than adjacentment (Bédard et al., 1991, 1993; Engleman et al., 1997;
cerebral structures such as the parahippocampal gyrus dalencia-Flores et al., 1996) and no change in cognitive
temporal lobes (Hopkins et al., 1995b; Kesner & Hopkins,function following nCPAP (Barbe et al., 2001).
2001; Manns et al., 2003). However, a review of the human Both the CO and OSA groups reported mild symptoms
anoxia literature, excluding CO poisoning and OSA, byof depression and anxiety. The OSA group reported fewer
Caine and Watson (2000) suggested that neuropathologicamotional symptoms following nCPAP, with the scores on
changes in the watershed cerebral cortex and basal gangkdl measures within the normal range. Affective changes
areas occur more frequently than hippocampal damage. Fulrave been reported following CO poisoning (Gale et al.,
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1999) and OSA (Barth et al., 1993; Guilleminault et al., and young adultslournal of the International Neuropsycholgi-
1978). However, given that the reported symptoms of de- cal Society5, 593—608.

pression and anxiety in the current study were in the mildBarth, JT., Findley, L.J,, Zillmer, E.A., Gideon, D.A., & Suratt,
range for both groups, it is unlikely that they contributed to ~ P-M. (1993). Obstructive sleep apnea, hypoxemia, and person-
the observed cognitive impairments. ality functioning: Implications for medical psychotherapy as-

There are several limitations of our study including lack sessmeniadvances in Med'C?' Psychotherafly 29_3.6' .
of a control group or a placebo group for the NCPAP treat_Bec:k, A.T. (1987)Beck Depression Inventargan Antonio, TX:
The Psychological Corporation.

ment in the OSA group. Given the small sample SIz€ IN OUlgacy AT, & Steer, R.A. (1993)Beck Anxiety InventorySan
study may have been under powered to detect relationships Antonio, TX: The Psychological Corporation.
between hippocampal atrophy and memory. The strengthsedard, M.A., Montplaisir, J., Malo, J., Richer, F., & Rouleau, .
of our study include comparisons of neuropsychological (1993). Persistent neuropsychological deficits and vigilance
and neuroimaging findings in two disorders associated with impairment in sleep apnea syndrome after treatment with nasal
hypoxia. continuous positive airway pressure (CPAR)urnal of Clin-

In conclusion, our study found hippocampal and gener- ical and Experimental Neuropsycholodhp, 330-341.
alized atrophy and neuropsychological impairments in co3édard, M., Montplaisir, J., Richer, F., Rouleau, 1., & Malo, J.
poisoning and OSA. Hippocampal atrophy occurred in both  (1991). Obstructive sleep apnea syndrome: Pathogenesis of
groups; however increased VBR due to generalized cere- neuropsychological deficitslournal of Clinical and Experi-
bral atrophy (i.e., whole brain volume loss) was greater i mental Neuropsychologg3, 950-964.

I . nBeebe, D.W. & Gozal, D. (2002). Obstructive sleep apnea and the
the CO group: The CO group co_nS|stentIy performed worse prefrontal cortex: Towards a comprehensive model linking noc-
on most cognitive measures while the OSA group had more  yma| upper airway obstruction to daytime cognitive and be-
selective cognitive impairments. Improvement in cognitive  havioral deficitsJournal of Sleep Researchi, 1-16.
function in OSA patients following 6 months of NCPAP Berry, D.T.R., Webb, W.B., Block, A.J., Bauer, R.M., & Switzer,
treatment was limited to executive function. Differencesin  D.A. (1986). Nocturnal hypoxia and neuropsychological vari-
test performance between the CO and OSA groups were ablesJournal of Clinical and Experimental Neuropsychology
more pronounced after the OSA group had received 6 months 8, 229-238.
of nCPAP treatment. Bigler, E.D., Lowry, C.M., Anderson, C.V., Johnson, S.C., Terry,

This research supports emerging evidence that hypoxia J- & Steed. M. (2000). Dementia, quantitative neuroimaging,
contributes to hippocampal atrophy, and in some cases gen- 219 apolipoprotein £ genotypémerican Journal of Neuro-

. . . . . radiology, 21, 1857-1868.
eralized brain atrophy (e.g., increased VBR). It is possmIeBiglen E.D.. Blatter, D.D., Anderson, C.V., Johnson, S.C., Gale,

that either the severity of the hypoxia in the CO patients “g b “Hopkins, R.O., & Burnett, B. (1997). Hippocampal vol-
was greater than in the OSA patients, or that other neuro- me in normal aging and traumatic brain injulynerican Jour-

pathologic factors, such as those specific to CO poisoning, nal of Neuroradiology18, 11-23.

may contribute to differences in hypoxia-related brain in-Biomedical Imaging Resource. (1993). ANALYZE 6.0 [Computer

jury. Additional research is needed that compares neuro- software]. Rochester, MN: Mayo Foundation.

pathologic and neuropsychological changes in other disordeBlatter, D.D., Bigler, E.D., Gale, S.D., Johnson, S.C., Anderson,
associated with hypoxia, such as acute respiratory distress C.V., Burnett, B.M., Ryser, D., Macnamara, S.E., & Bailey,

syndrome, asthma, and chronic obstructive pulmonary B-J- (1997). MRI based brain and CSF quantification follow-
ing traumatic brain injury: Correlation with neuropsychologi-

disease. i ]
cal outcomeAmerican Journal of Neuroradiology 8, 1-10.
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