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ABSTRACT

O=

BACKGROUND AND PURPOSE: Cerebral perfusion patterns in neonates with HIE after therapeutic hypothermia have not been well
described. The objectives of this study were to compare global and regional perfusion between infants with HIE and neonate controls and
to relate measures of cerebral perfusion to brain injury on conventional MR imaging in neonates with HIE.

MATERIALS AND METHODS: Term encephalopathic neonates meeting criteria for hypothermia between June 2011 and January 2012 were
enrolled in this prospective observational study. MR imaging-ASL was performed in the second week of life. Comparisons were made with
data from neonate controls who underwent the same imaging protocol. NIRS measures of cerebral oxygenation during and immediately
after hypothermia were also evaluated in a subset of patients. Secondary analyses were performed to assess cerebral perfusion and
oxygenation differences by pattern of injury on qualitative MR imaging interpretation.

RESULTS: We enrolled 18 infants with HIE and 18 control infants. Mean global CBF and regional CBF in the basal ganglia, thalamus, and
anterior white matter were higher in cases compared with controls. Infants with HIE with injury on MR imaging, however, had lower CBF
(significant in the thalamus) compared with those with normal MR imaging. Decreased FTOE by NIRS further differentiated patients with
HIE with injury on MR imaging.

CONCLUSIONS: Disturbed cerebral perfusion is observed in the second week of life in some babies with HIE despite treatment with
hypothermia. Infants with HIE with injury on MR imaging have lower regional CBF in the thalamus compared with those without injury,
possibly representing pseudonormalization of CBF and low metabolic demand after progression to irreversible brain injury.

ABBREVIATIONS: HIE = hypoxic-ischemic encephalopathy; EEG = electroencephalogram; NIRS = near-infrared spectroscopy; FTOE = fractional tissue oxygen

extraction; SaO, = arterial oxygen saturation

eonatal HIE is a devastating cause of mortality and neuro-
logic disability despite incorporation of therapeutic hypo-
thermia into standard care.'™ Efforts to further improve adverse
outcomes after treatment with hypothermia are needed. The du-
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ration of the true therapeutic window in affected neonates is not
known.> Advances toward adjuvant neurotherapeutics have been
limited by this incomplete knowledge about the presence and
timing of secondary injurious processes (eg, excitotoxicity, pro-
inflammatory cascades, oxidative injury) occurring during and
after reperfusion.® Evaluation of cerebral blood flow after treat-
ment with hypothermia may provide insight into continuing
physiologic alterations that may signify ongoing injury in select
neonates.

MR imaging—ASL provides a noninvasive quantitative assess-
ment of cerebral perfusion.” It offers advantages over other meth-
ods to interrogate cerebral blood flow such as cerebral artery
Doppler or NIRS that lack anatomic resolution and other imaging
modalities such as positron-emission tomography or xenon-en-
hanced CT, which require injection of contrast material and ex-
posure to ionizing radiation.®

Prior studies with the use of alternative methods to interrogate
cerebral perfusion have demonstrated an initial decrease in CBF
after asphyxia,”'® followed by a relative hyperemia during the
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first 1 to 5 days of life."'"'® The pattern and duration of this hy-
peremia remain poorly understood because most studies to date
have been confined to the first week after injury. Furthermore, the
relationship between perfusion disturbances and injury by con-
ventional MR imaging has not been previously investigated. To
gain better insight into the longer-term cerebral perfusion pat-
terns after hypoxia-ischemia, the current study investigated pat-
terns of CBF in hypothermia-treated neonates with HIE in the
second week of life. Through the use of MR imaging—ASL, we
aimed to 1) compare global and regional perfusion between in-
fants with HIE and healthy neonate controls and 2) relate mea-
sures of cerebral perfusion to brain injury on conventional MR
imaging in neonates with HIE. As a secondary aim, we measured
cerebral oxygenation by NIRS during and immediately after hy-
pothermia in a subset of patients and related these early measures
of cerebral oxygenation to later cerebral perfusion patterns.

MATERIALS AND METHODS

Study Population

Term neonates with HIE transferred to a level IIIC neonatal in-
tensive care unit for therapeutic hypothermia between June 2011
and January 2012 were enrolled in this prospective, observational
study. Inclusion criteria included any encephalopathic neonate
meeting established National Institute of Child Health and Hu-
man Development Neonatal Research Network criteria (ie, in-
fants were >36 weeks’ gestational age, >1800 g at birth, demon-
strated metabolic acidosis and/or low Apgar scores, and exhibited
signs of moderate to severe clinical encephalopathy). Infants were
treated with whole-body hypothermia according to the estab-
lished protocol." Infants who underwent MR imaging—ASL after
hypothermia (added to our routine imaging protocol after June
2011) were included in this report. Exclusion criteria included
major congenital anomalies, known or suspected chromosomal
abnormalities, and major brain malformations or non-HIE injury
on qualitative imaging. The study was approved by the institu-
tional review board, and a written informed consent was obtained
from the parent(s) of each participant before imaging. Compari-
sons with an anonymized dataset of healthy neonate controls were
made. Control neonates were concurrently enrolled for a separate
prospective study and imaged with the same protocol as used in
the subjects, without use of sedation, after informed consent was
obtained. All data were collected in compliance with Health In-
formation Portability and Accountability Act regulations.

Clinical Data Collection

Clinical and demographic data were collected from the birth hos-
pital records. Clinical encephalopathy grade was classified ac-
cording to modified Sarnat criteria."'” Infants treated with hypo-
thermia underwent routine continuous EEG monitoring with
surface electrode placement according to the international 10-20
system modified for neonates. EEG monitoring was initiated as
soon as possible after admission and continued through at least 12
hours after completion of rewarming. EEG background abnor-
mality was assessed by a neonatal neurologist in the first 24 hours
of life and again at rewarming and classified according to a previ-
ously described scoring system.'® The presence of electrographic
seizures at any time during hypothermia was also noted. Covari-
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ables with potential to influence CBF at the time of MR imaging
including use of sedation, hematocrit level, partial pressure of
carbon dioxide, and patient temperature were also recorded.

Near-Infrared Spectroscopy

Cerebral tissue oxygen saturation by NIRS (FORE-SIGHT Cere-
bral Oximeter; Casmed, Branford, Connecticut) was monitored
continuously during hypothermia treatment and up to 12 hours
after rewarming. Cerebral tissue oxygen saturation and simulta-
neous transcutaneous SaO, measurements were recorded hourly
by bedside NICU nurses. These values were collected retrospec-
tively from the clinical records for study patients. FTOE was cal-
culated by use of the formula FTOE = (SaO, — cerebral tissue
oxygen saturation)/SaO,. Average FTOE values were calculated
for two 12-hour periods of interest: during 12 to 24 hours of
cooling (DAY 1) and during the 12-hour period after rewarming
(DAY 4).

Magnetic Resonance Imaging

MR imaging was performed after rewarming in surviving infants
according to clinical protocol during the second week of life (tar-
get age, 7-10 days) on a 3T scanner (Discovery MR750; GE
Healthcare, Milwaukee, Wisconsin) with the use of a 32-channel
receive-only head coil (MR Instruments, Minneapolis, Minne-
sota). Infants were imaged without sedation unless they were re-
ceiving sedative medications for clinical indications, were not en-
terally feeding to allow for the “feed and bundle” method for
nonsedated neonatal MR imaging acquisition, or had failed a
prior nonsedated MR imaging attempt. Standard anatomic se-
quences included 3D T1-weighted spoiled gradient-recalled (TE,
3.1 ms; TR, 7.8 ms; TI, 450 ms; FOV, 220 X 220 mm; section
thickness, 1 mm), double acquisition axial FSE T2 proton atten-
uation (TE 1, 30 ms; TE 2, 150 ms; TR, 9000 ms; FOV, 192 X 192
mmy; section thickness, 3 mm), axial T2 PROPELLER (TE, 83.72
ms; TR, 8677 ms; FOV, 256 X 256 mm; section thickness, 2 mm),
axial T2*-weighted susceptibility (TE, 25 ms; TR, 46.9 ms; FOV,
200 X 200 mm; section thickness, 2 mm), coronal T1 FLAIR
PROPELLER (TE, 38.6 ms; TR, 1525 ms; TI, 565.42 ms; FOV,
256 X 256 mm; section thickness, 2 mm), and axial 25-direction
DTI (TE, 80 ms; TR, 8000 ms; FOV, 200 X 200 mm; section
thickness, 3 mm; b-value, 1000), with generation of ADC maps
off-line.

An axial pseudocontinuous 3D ASL sequence was also per-
formed according to routine protocol with the use of the follow-
ing parameters: TE, 11.1 ms; TR, 4326 ms; FOV, 240 X 240 mm;
section thickness, 3 mm, spiral readout. CBF maps were generated
with the use of Functool software (GE Healthcare) with the fol-
lowing quantification algorithm:

CBF = 6000 A*

(1 — exp(—ST(s)/T(s))) exp (PLD(s)/T,(s))
2T ,(s)(1—exp(—LT(s)/Tyy(s))) e*NEX,,

* (PW/SE,,,PD)

where partition coefficient (1) was set to whole-brain average of
0.9, saturation time (ST) was set to 2 seconds, typical gray matter
tissue T1 (T,,) was 1.2 seconds, T1 of blood (T,,,) was assumed to



FIG 1. Pattern of injury scoring for infants with HIE. Representative examples of A, basal ganglia predominant; B, watershed; and C, focal/
multifocal injury (periatrial white matter injury at arrow) are shown.

be 1.6 seconds at 3T, postlabeling delay (PLD) was set to 1025 ms,
labeling duration (LT) was 1.5 seconds, overall efficiency () was
0.6, NEX,,\ was 3; PW is the perfusion-weighted or raw differ-
ence image, SF,,,, is the scaling factor of the PW sequence, and PD
was the partial saturation of the reference image. The labeling slab
thickness was adjusted according to the size of the infant’s head
(range, 84—-96 mm) and positioned at the base of the pons.

Qualitative images were reviewed by a neuroradiologist (G.V.)
blinded to clinical data and were scored according to Barkovich et
al,'” with deep nuclear gray injury assigned a basal ganglia score
and cortical/white matter injury assigned a watershed score. Pa-
tients were also assigned a predominant pattern of injury classifi-
cation according to Miller et al,*® which additionally classified
patients with nonwatershed focal/multifocal white matter injury
(Fig 1).

ASL Image Processing

Global CBF was calculated from the cerebral perfusion maps with
the use of FSL software (http://www.fmrib.ox.ac.uk/fsl). Off-line
analysis of CBF was validated by repeating measurements on the
CBF maps generated by using Functool software on the Advan-
tage Windows Workstation (GE Healthcare) with comparable re-
sults. After co-registering corresponding T2 images to the CBF
maps, regional CBF was measured with the use of Medical Image

Processing, Analysis and Visualization (MIPAV) software (Na-
tional Institutes of Health, Bethesda, Maryland; http://mipav.cit.
nih.gov) by manually placing ROIs (each measuring 95-126
mm?>; average, 104 mm?) over the basal ganglia, thalamus, and
anterior and posterior parietal white matter (Fig 2). Correspond-
ing right- and left-sided ROI measurements were averaged for
analysis. Measurements were performed by a single investigator
(A.N.M.) who was blinded to the patient clinical information and to
subject condition (ie, cases versus controls). Intrarater reliability was
assessed by repeating ROI placement and measurements in 15 (n =
6 controls, n = 9 cases) randomly selected subjects and determin-
ing the intraclass correlation coefficient.

Statistical Analysis

Descriptive statistics include mean = standard deviation values
(unless otherwise noted) for continuous variables and frequencies
for categoric variables. After normality of data distributions was
confirmed by Shapiro-Wilk tests, univariate analyses with inde-
pendent-samples ¢ test and x* test for categoric variables were
performed to evaluate differences between groups. The relation-
ship between ASL measures and injury on MR imaging was ex-
plored by means of backwards stepwise regression modeling,
which was used to identify most significant variables from poten-
tial covariates including birth weight, gestational age, sex, hemat-
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FIG 2. ROIs on axial T2 images (lower panels) co-registered to corre-
sponding CBF maps (upper panels). ROI locations included anterior
and posterior white matter at the upper level of the body of the
lateral ventricles (right panels) and basal ganglia (in the putamen) and
ventrolateral thalamus (left panels).

ocrit level, temperature, use of sedation during MR imaging, and
age at MR imaging. The final models included variables with ap-
parent significance across models. Adjustments for multiple com-
parisons were not made in these exploratory analyses. Statistical
analysis was performed with SPSS 18.0 for Windows (SPSS, Chi-
cago, Illinois).

RESULTS

Baseline Characteristics of the Cohort

Eighteen infants with HIE and 18 control infants were included in
this study. An additional 3 infants treated with hypothermia un-
derwent ASL imaging but were excluded from the analysis be-
cause of motion artifact (n = 1), imaging performed before the
target age (n = 1), and presence of non-HIE injury (ie, middle
cerebral artery territory stroke) recognized on qualitative imaging
(n = 1). As expected, infants with HIE presented with low
Apgar scores of 2,4, and 5 at 1, 5, and 10 minutes, respectively.
Most presented with moderate encephalopathy, both by clini-
cal grading and electroencephalographic background pattern.
Baseline characteristics including birth weight, gestational age,
sex distribution, and age at MR imaging were similar between
cases and controls (Table 1).

Compatrison of CBF in Infants with HIE Versus Control
Infants

Mean global CBF was significantly higher in HIE cases compared
with controls (HIE, 24 = 5 versus control, 19 = 2 mL/100 g per
minute, P = .001). This difference was largely attributable to a
marked increase in regional CBF to the basal ganglia (HIE, 52 *
19 versus control, 31 = 5 mL/100 g per minute, P < .0001) and
thalamus (HIE, 52 = 19 versus control, 29 = 6 mL/100 g per
minute, P < .0001), whereas anterior white matter differed to a
smaller degree between groups (HIE, 12 * 3 versus control, 10 *
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Demographic and clinical characteristics of the study group

Healthy
Hypothermia  Control
(n=18) (n=18) P Value
Birth weight, kg? 326 £0.68 352+ 036 176
Gestational age, weeks? 38.8 =15 39.5 +15 163
Sex, n (% male) 9 (50) 8 (44) 738
Apgar scores
1 minute 2(0-6) 8(3-9)  <.001
5 minutes 4(1-9) 9(8-9) <.001
10 minutes® 5(2-8) n/a
Initial pH® 7.03(674-735)  n/a
Encephalopathy grade, n (%)
Moderate 15(83)
Severe 3(17)
EEG at 1824 hours?
Burst suppression 2(12)
Discontinuous 13(76)
Continuous 2(12)
EEG after rewarming
Discontinuous 8(50)
Continuous 8(50)
Electrographic seizure 4(22)
MRI day of life 9(7-13) n{7-22) 086
Data are presented as median (range) except where noted.
#Mean * SD.
® Documented for 14 of 18 patients.
“ Documented for 17 of 18 patients.
9 Data available for 17 of 18 patients.
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FIG 3. CBF differences by group for total brain, basal ganglia (BG),
thalamus (Thal), anterior white matter (AWM), and posterior white
matter (PWM). Box-and-whisker plots show median, interquartile
range, and values within £1.5 of interquartile range. White boxes rep-
resent control infants, dark gray boxes represent infants with HIE
with normal MR imaging, and light gray boxes represent infants with
HIE with injury on MR imaging. Overall, the HIE cohort had higher total
CBF and regional CBF in the BG, Thal, and AWM compared with con-
trols (P < .05). When stratified by qualitative injury on MR imaging,
infants with HIE with injury did not significantly differ from controls
(P > .05). Differences between infants with HIE with and those with-
out injury on MR imaging were significant in the Thal after controlling
for covariates (*P = .041).

2mL/100 g per minute, P = .045). Posterior white matter CBF did
not differ significantly between groups (Fig 3). Regional measure-
ments were highly reproducible, as demonstrated by significant
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FIG 4. Regional CBF in the basal ganglia (triangles) and thalamus (open
circles) by pattern of injury on MR imaging. Patients with HIE with
normal (NL) MR imaging or watershed (WS) pattern of injury had rel-
ative hyperperfusion compared with controls. This was absent in in-
fants with HIE with focal/multifocal white matter injury (F/MF) and
basal ganglia predominant injury (BG).

intraclass correlation coefficient ranging from 0.807 (95% confi-
dence interval, 0.406—0.938, P = .003) for anterior white matter
measurements to 0.999 (95% confidence interval, 0.998 1.0, P <
.0001) in the basal ganglia.

Relationship Between Brain Injury on Conventional MR
Imaging and CBF Measures

Qualitative injury on MR imaging was observed in 8 of 18 (44%)
infants with HIE. Four infants had watershed injury, whereas the
remainder had focal/multifocal white matter injury (n = 2) or
basal ganglia (n = 2) injury. CBF was lower in the infants with HIE
with injury on MR imaging compared with those infants with HIE
with normal MR imaging (Fig 3). This difference was statistically
significant in the thalamus (B —13.6; SE 6; 95% confidence inter-
val, —26.6 to —0.67; P = .041) after controlling for sex (P > .05),
sedation during MR imaging (P > .05), and age at MR imaging
(P > .05) in a multiple regression model. Lower CBF was ob-
served in the infants with HIE with focal/multifocal and basal ganglia
injury, whereas some infants with watershed and most infants with
normal MR imaging had relative hyperperfusion compared with
controls (Fig 4).

Relationship Between NIRS and Brain Injury on
Conventional MR Imaging

Complete NIRS data were available for 13 of 18 infants, including
5 infants with MR imaging injury. Infants with MR imaging injury
had lower FTOE on day-of-life 4 (after rewarming) compared
with infants without injury on week-2 MR imaging (Fig 5). These
differences remained significant (P = .04) after controlling for
gestational age (P> .05), sex (P >.05), presence of electrographic
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FIG 5. NIRS measurements from infants with HIE during first 24 hours
of cooling (DAY 1) and after rewarming (DAY 4). Box-and-whisker
plots show median, interquartile range, and values within =1.5 of in-
terquartile range. Cerebral FTOE values were significantly different
after rewarming between infants with (gray boxes) and those without
(white boxes) injury on MR imaging (*P < .05).

seizures (P = .034), and sedation during NIRS monitoring
(P > .05). FTOE was not significantly correlated to ASL-CBF
measures. The combined presence of low FTOE (<0.15) after
cooling with low CBF in the basal ganglia/thalamus (<50 mL/100
g per minute) in the second week of life was significantly associ-
ated with the presence of injury on MR imaging (x>, P = .004).

DISCUSSION

In the present study, we demonstrate that disturbed CBF can be
detected and quantified by ASL in hypothermia-treated infants
with HIE in the second week of life. Relative hyperemia compared
with controls is regional and most striking in the basal ganglia and
thalamus. This hyperemia is absent in most infants with qualita-
tive injury on conventional MR imaging, possibly suggesting
pseudonormalization of CBF as decreased metabolic demand oc-
curs after irreversible brain injury.*!

This is the first study to evaluate ASL cerebral perfusion in
infants with HIE in the second week of life after hypothermia.
Postanoxic hyperperfusion has been demonstrated by ASL in pe-
diatric and adult patients.** Its use in neonates has been limited to
a few investigations of infants with congenital heart disease>**
and preterm infants.>> Wintermark et al*® reported 1 other small
series of neonates with HIE, some of whom were treated with
hypothermia. ASL was performed early in the first week of life and
demonstrated marked hyperperfusion in the basal ganglia and
thalamus in babies with HIE, similar to findings of the current
study. However, in contrast to our findings, these investigators
found CBF to be higher in infants with HIE with injury on MR
imaging compared with those without injury. These differences
may be attributable the timing of imaging in relation to the pro-
gression of injury. Several studies that used alternative measures
of cerebral hemodynamics have associated early hyperperfusion
after asphyxia with poor outcome."'"'*'>1¢ Few studies have in-
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vestigated the duration and evolution of this hyperperfusion re-
sponse. Ilves et al*”
babies with HIE and reported that infants with severe HIE had an

initial marked increase in CBF velocity followed by a decrease by

performed serial CBF velocity measures in

21 days compared with controls. Our findings that infants with
MR imaging injury had lower CBF in the basal ganglia and thala-
mus by the second week of life may reflect a decreased metabolic
state after progression to irreversible brain injury. This is consis-
tent with PET studies performed at a median age of 11 days in
infants with HIE, which demonstrated lower cerebral glucose me-
tabolism in infants with severe HIE and poor outcome at 2
years.”!

It is also possible that our findings differed from Wintermark
et al*® because of variable patterns of injury observed in the 2
study groups. We demonstrated that hyperperfusion is absent in
babies with focal/multifocal and basal ganglia injury and variable
in babies with watershed injury. This may represent variable tim-
ing of injury evolution (ie, hyperperfusion response in more mild
watershed injuries takes longer to decrease or normalize after in-
jury) or that regional perfusion response depends on mechanism
(and pattern) of injury. It is of interest that the prior investigators
noted 2 infants in their series with basal ganglia injury who had
low CBF in the first few days of life.”® It is possible that some
infants with basal ganglia injury may not have adequate reperfu-
sion after the primary insult, leading to more immediate cell
death, lower cerebral glucose metabolism, and persistently low
regional CBF. The true pattern and evolution of regional CBF
response to injury cannot be elucidated by this cross-sectional
study but may only be answered by serial imaging studies (now
ongoing at our institution). It is clear, however, that interpreta-
tion of ASL CBF measures should be performed in the context of
timing from insult and findings of injury on qualitative MR
imaging.

Global CBF is increased in infants with HIE after hypothermia
compared with healthy controls and probably reflects ongoing
alterations in cerebral hemodynamics in response to perinatal hy-
poxia-ischemia. The complex cascade of secondary injurious pro-
cesses known to occur during reperfusion® makes investigation
into the duration, evolution, and pattern of disturbances in CBF
important. Continued hyperperfusion after HIE may be a harbin-
ger of ongoing response to injury and has the potential to identify
candidates for late rescue therapies. MR imaging—ASL offers a
noninvasive method to interrogate cerebral blood flow while pro-
viding anatomic resolution to evaluate regional differences in ce-
rebral perfusion. It can be added to routine brain MR imaging
studies that are standard of care for diagnosis of subacute brain
injury in babies with HIE.>*® Although our study did not include
another measure of CBF to corroborate our ASL measures, it is
reassuring that our ASL values of global CBF in control neonates
are consistent with ranges reported in the literature for normal
neonates (ie, 1020 mL/100 g per minute).”® In addition to pro-
viding quantitative estimation of CBF, ASL perfusion patterns can
provide insight into the physiologic alterations that continue after
a perinatal brain insult and the associated potential targets for late
cerebral rescue and preventative interventions. We observed that
regional hyperperfusion is most pronounced in the deep nuclear
gray structures, known to be the most metabolically active region
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in the term neonate brain.”® This perfusion pattern is consistent
with prior studies with the use of PET*' and perfusion MR imag-
ing’" in neonates during the first week of life after asphyxia. Re-
gional hyperperfusion to the basal ganglia and thalamus may con-
tribute to the selective vulnerability that is well described in
infants with HIE after sentinel asphyxial events.>*

Low CBF measures in the second week of life may represent
normal neonate values versus significant brain injury and are
problematic when interpreting CBF data in isolation. For this
reason, we included available NIRS data to evaluate whether ad-
ditional cerebral hemodynamic measures would facilitate differ-
entiation of patients with injury. These values were collected ret-
rospectively and thus were limited by incomplete available data
for all infants. It is also recognized that spot measurements are less
robust than more frequently sampled data and that the average
hourly measurements used in our analysis is a crude summary
variable when considering the high variability of individual mea-
sures’® and the continuous nature of NIRS monitoring. Despite

34,35 we Ob-

these limitations and consistent with prior studies,
served a significantly lower FTOE in infants with HIE with injury
on MR imaging compared with those with normal MR imaging.
Combination of the early indicators of cerebral hyperperfusion
with the later decrease in CBF characterizes the evolution of per-
fusion response leading to brain injury in these patients. It would
be of additional interest to evaluate NIRS and ASL measures taken
in closer temporal proximity to evaluate the correlation between
these 2 methods of interrogating cerebral perfusion.

Our study has limitations. Our small sample size precluded
more robust statistical analysis. Backwards regression analyses
were used to select from several potential known covariables that
can affect cerebral blood flow. We consider the results of these
exploratory analyses to be hypothesis-generating for future stud-
ies. It is of interest that many patients with HIE with normal
qualitative MR imaging had demonstrated hyperperfusion. The
implications of this finding cannot be addressed by this study. It is
possible that these infants had microstructural injury below the
resolution of qualitative MR imaging. This may be further ad-
dressed by evaluating quantitative DTI measures, particularly in
the first week of life before pseudonormalization may occur.*® We
previously reported that ADC measures did not differentiate in-
fants with HIE with poor outcome when measured in the second
week of life.>” Consistent with this, our qualitative grading of
injury was based on T1 and T2 signal abnormality, whereas
changes on diffusion imaging were rarely seen. Although analysis
of quantitative DTI data is of interest, and particularly in correla-
tion to ASL perfusion measures, it was beyond the scope of the
current study. Future planned investigation will evaluate quanti-
tative DTI measures of microstructural injury and their relation
to ASL measures in serial studies performed in the first and second
weeks of life. Finally, correlation of CBF findings to neurodevel-
opmental outcome is needed (and currently underway) to deter-
mine whether this hyperperfusion is a more sensitive indicator of
microstructural injury that may be missed by qualitative review.

CONCLUSIONS
CBF is increased in babies with HIE compared with controls, par-
ticularly in the basal ganglia and thalamus, in the second week of



life. Infants with qualitative injury on conventional MR imaging

have lower CBF compared with those with normal MR imaging.

Further study is needed to evaluate the timing and progression of

regional hyperperfusion after perinatal asphyxia and to correlate

findings with neurodevelopmental outcome.

Disclosures: An Massaro—RELATED: Grant: NIH, Comments: Clinical and Trans-
lational Science Institute at Children’s National - KL2 Award. Money paid to
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