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MR of Hypoxic Encephalopathy in Children
after Near Drowning: Correlation with

Quantitative Proton MR Spectroscopy and
Clinical Outcome

David J. Dubowitz, Stefan Bluml, Edgardo Arcinue, and Rosalind B. Dietrich

BACKGROUND AND PURPOSE: Quantitative MR spectroscopy has a proved role in the
investigation of hypoxia caused by near drowning. To date, no studies have addressed the MR
imaging changes that may also accompany this condition. The purpose of this study was to
describe the MR imaging findings in children with hypoxic encephalopathy caused by near
drowning and to compare these findings with the results of qualitative and quantitative proton
MR spectroscopy and clinical outcome.

METHODS: Twenty-two children (6 months to 11 years old) admitted to the pediatric
intensive care unit after near drowning incidents underwent cerebral MR imaging and quan-
titative proton MR spectroscopy. Clinical and imaging studies were reviewed retrospectively,
and subjects were grouped according to outcome: good result, persistent vegetative state, and
death. Images were scored for edema, basal ganglia changes, and cortical changes, and were
compared with MR spectra and outcome at days 1 to 2, 3 to 4, and 5 or more.

RESULTS: Six patients had a good outcome, four remained in a persistent vegetative state,
and 12 died. Generalized/occipital edema correlated with poor outcome. Indistinct lentiform
nuclei margins on T1-weighted images were a frequent finding (78%). Basal ganglia T2
hyperintensity correlated with poor outcome, progressing from a patchy/peripheral distribution
to diffuse high intensity. Patchy high T2 signal in the cortex or subcortical lines were specific
but insensitive for poor outcome, as were brain stem infarcts.

CONCLUSION: MR images in children with hypoxic encephalopathy after near drowning
show a spectrum of changes. The most sensitive prognostic result may be achieved by combining
MR imaging with qualitative and quantitative MR spectroscopic data.
Interpretation of MR imaging studies in infants and
children who have suffered hypoxic-ischemic insults
may be difficult, as early findings are both subtle and
complex. Nonetheless, in the evaluation of infants,
MR imaging has proved to be extremely helpful in
showing acute damage due to hypoxic encephalopa-
thy (1–6) (Cohn MJ, Dietrich RB, Roth GM. Anoxic-
ischemic events in infants: early MR findings. In:
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Annual Meeting of the American Society of Neuroradi-
ology, Book of Abstracts, 1995:81), although only an-
ecdotal information is available regarding its use in
evaluating similar damage in toddlers and older chil-
dren (7–9). Near drowning is a common cause of
hypoxic encephalopathy in this age group and is a
useful model for all types of hypoxic encephalopathy.
The term near drowning is used specifically to de-
scribe survival beyond 24 hours after cardiorespira-
tory arrest following submersion (10).

Of those who survive prolonged submersion, the
majority have severe neurologic impairment, but as
many as 30% may remain neurologically intact (11).
Early in the clinical course it is necessary to distin-
guish between those who will die or be severely im-
paired and those who will have a good outcome,
because the prognosis in profound hypoxic encepha-
lopathy from any cause has significant impact on
management within the intensive care unit, and also
on determining future care.
7



1618 DUBOWITZ AJNR: 19, October 1998
FIG 1. Typical MR spectra from occipital gray matter.
A–C, Gray matter spectra (1500/30, with a mixing time of 13.7) from a healthy

48-month-old boy (A ); from a 40-month-old boy with good outcome, obtained on day
2 after submersion (B ) (note small decrease of NAA/Cr; otherwise, the spectrum is
normal); and from a 34-month-old boy who died, obtained on day 2 after submersion
(C ). In C, high concentrations of lactate are seen with the typical doublet at 1.3 ppm with
0.1 ppm separation. Glx is also elevated, and there is a reduction of Cr and a profound
reduction of NAA, all indicating severe cerebral hypoxia. (mI indicates myo-inositol.)

D, The positions of the spectroscopic voxels are shown, indicating, at this level, the
middle of the parietal white matter voxel and the top of the occipital gray matter voxel.
Quantitative proton MR spectroscopy allows quan-
titation of cerebral metabolites, which is useful in the
evaluation of hypoxic encephalopathy in that it looks
specifically for reduction in N-acetylaspartate (NAA)
and creatine (Cr) and elevation in glutamine/gluta-
mate (Glx) and lactate. Quantitative proton MR
spectroscopy has a proved role in demonstrating ab-
normalities and in helping to predict final clinical
outcome in this group of patients (12) (Fig 1); it is
currently used in some clinical centers to aid in deci-
sions related to termination of life support.

The aims of this study were to describe the range of
MR imaging changes that may be seen after hypoxic
encephalopathy due to near drowning and to investi-
gate the significance of these changes by comparing
our findings with the results of quantitative proton
MR spectroscopy and clinical outcome. We also
hoped to determine the usefulness and limitations of
early MR imaging in predicting prognosis in these
children.

Methods

Subjects
Our study group consisted of 22 consecutive children (6

months to 11 years old; mean age, 3.5 years) who were admit-
ted to the pediatric intensive care unit between 1991 and 1997
after near drowning episodes resulting in cardiorespiratory
arrest and a Glasgow Coma Scale score of 3 through 7. In-
formed consent and approval of the Institutional Review Board
were obtained in all cases.

Imaging Techniques and Evaluation
Forty-seven combined cerebral MR imaging and quantita-

tive proton MR spectroscopic studies were performed in the 22
children on a 1.5-T MR imager. All the children had initial MR
studies performed 1 to 6 days (mean, 2.2 days) after submer-
sion. Of these, 17 children had a second follow-up study per-
formed 2 to 5 days (mean, 2.9 days) afterward, and six children
had a third study performed 4 to 16 days (mean, 8.9 days)
afterward. In addition, late follow-up studies were performed
in two patients (2 and 3 months after the incident, respectively).

Axial spin-echo (SE) T1-weighted (600/11–20, repetition
time/echo time [TR/TE]) sequences or gradient-echo (GRE)
(250/11, with a 90° flip angle) and T2-weighted SE (3000/90–
120) sequences or fast spin-echo (FSE) (2700–3700/98–112,
with an echo train of 8) sequences were obtained. All images
were reviewed retrospectively by two radiologists who were
aware of the clinical history of near drowning but blinded to the
MR spectroscopic findings and final clinical outcome. Images
were scored for presence and distribution of edema, basal
ganglia changes, cortical changes, and focal areas of hemor-
rhage and infarction. Edema was scored as focal (score 5 1) if
unilateral or if present in 50% or less of the cortex, as gener-
alized (score 5 2) if bilateral and present in more than 50% of
the cortex, or as absent (score 5 0). Basal ganglia margins were
scored as normal (score 5 0), as indistinct (score 5 1), as
swollen (score 5 2), and as swollen and indistinct (score 5 3).
Basal ganglia signal was scored as normal (score 5 0), as
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TABLE 1: Distribution of findings of MR imaging/MR sectroscopic findings in patients in three outcome groups

Outcome Group

MR Findings

Edema
Fuzzy BG
Margins

Abnormal
BG Signal

Abnormal
Cortical Signal

Abnormal
MR Spectra

Good
Case 1 No Yes* No No No

2 No Yes* No No No
3 No No No No No
4 No Yes No No No
5 No Yes No No No
6 No Yes* No No No

Vegetative State
Case 7 Yes Yes Yes Yes Yes

8 Yes No Yes Yes Yes
9 Yes Yes Yes Yes Yes

10 Yes Yes Yes Yes Yes
Death

Case 11 Yes Yes Yes Yes Yes
12 No Yes Yes Yes Yes
13 Yes Yes Yes Yes Yes
14 Yes Yes Yes Yes Yes
15 Yes Yes Yes No Yes
16 Yes Yes Yes No Yes
17 Yes Yes Yes No Yes
18 Yes Yes Yes Yes Yes
19 Yes Yes Yes Yes Yes
20 Yes Yes Yes No Yes
21 Yes Yes Yes No Yes
22 Yes Yes Yes Yes Yes

Note.—BG indicates basal ganglia.
* Abnormal finding that reversed on subsequent examinations.
peripheral focal bright signal (score 5 1), as patchy focal bright
signal (score 5 2), as diffuse high signal (score 5 3), and as
chronic signal changes (score 5 4). The cortex was scored as
normal (score 5 0), as having focal bright signal (score 5 1),
as having subcortical lines (score 5 2), as having both focal
bright signal and subcortical lines (score 5 3), and as showing
atrophy (score 5 4). Hemorrhage and infarction were scored as
present or absent. MR imaging findings were considered ab-
normal in the presence of high T2 signal in the cortex or basal
ganglia, brain stem infarction, or occipital or generalized
edema. MR imaging findings were considered normal in the
absence of these features.

Localized, quantitative, short-TE proton MR spectroscopy
(1500/30, with a mixing time of 13.7) was performed in two
standard locations: predominantly in the gray matter, in the
posterior parietooccipital lobes (above the calcarine fissure
across the midline); and in the white matter, in the deep
parietal lobe (Fig 1D). These areas were chosen because they
are known to be affected by hypoxia and because normative
age-matched data were available for comparison. They were
analyzed by examining peak ratios of the principal metabolites
with respect to Cr and by assessing for presence or absence of
lactate. Absolute quantitation was performed in 40 examina-
tions using the method described by Kreis et al (13). In brief,
the voxel was assumed to consist of brain water (extracellular
and intracellular), CSF, and a component invisible to nuclear
magnetic resonance (NMR). The proportions of brain water
and CSF were calculated on the basis of their different T2
relaxation times. Seven single data points at TEs of 30, 40, 60,
90, 135, 270, and 1000 were constructed on a biexponential
plot. An external reference was used to correct for coil loading,
and the NMR-invisible component was assessed by the differ-
ence between the total signal (brain water and CSF) and a
water phantom. The water content of brain can thus be calcu-
lated from the ratio of brain water to the combination of brain
water and NMR-invisible components. Data processing con-
sisted of low-frequency filtering to remove residual water res-
onance and to produce a flat baseline. After zero-order phase
correction of the spectra, the metabolite concentrations were
calculated by integrating the peaks and curve fitting and by
comparing them with calibrated phantoms. Postprocessing was
done on a Sun-Sparc workstation using SA/GE software (GE
Medical Systems, Milwaukee, WI). Comparison was made with
data from age-matched control subjects who had been exam-
ined on the same scanner with the same imaging parameters.
Standard graphs of metabolite levels versus age were con-
structed as described by Kreis et al (14). Normal values for any
age could thus be read off a curve. For this study, spectra were
considered abnormal if lactate was elevated or if NAA or Cr in
gray matter was below 75% of that in healthy age-matched
control subjects. Lactate was considered elevated if a clear
doublet with 0.1 ppm separation was seen centered at 1.3 ppm.
Because the findings in gray matter and white matter are
similar in hypoxic insult (the gray matter changes being more
sensitive and tending to precede those in white matter), we
concentrated on the gray matter spectra for purposes of this
article. In the four studies without absolute metabolite quanti-
tation, the MR spectra were considered abnormal in the pres-
ence of lactate or if peak ratios of NAA/Cr in gray matter were
below 75% of normal.

Clinical Outcome
The clinical data were reviewed and outcome was graded by

cerebral performance category (CPC), as defined by Jennett et
al (15) (Table 1). This was modified from the five-point scale
into three clinically relevant groups, reflecting a final outcome
of good (CPC, 1 to 2: good or moderate cerebral performance);
persistent vegetative state (CPC, 3 to 4: severe cerebral disabil-
ity or persistent vegetative state); or death (CPC, 5).
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TABLE 2: Findings at MR spectroscopy versus outcome

Outcome

Metabolites*

Absolute
NAA

Absolute Cr
NAA/Cr

Ratio
bg-Glx Lactate Present

Good (day 1–4) n 5 10 n 5 10 n 5 11 n 5 10 n 5 11
83 6 6% 90 6 8% 84 6 7% 105 6 14% 0

Vegetative state n 5 9 n 5 9 n 5 11 n 5 11 n 5 11
(day 1–16) 62 6 13% 76 6 5% 65 6 16% 133 6 21% 6

Death (day 1–8) n 5 20 n 5 20 n 5 20 n 5 20 n 5 20
61 6 16% 72 6 11% 66 6 19% 138 6 20% 12

* Lactate findings are expressed in terms of the number of patients in whom excess lactate was seen. Findings for other metabolites are expressed
as a percentage of normative values from age-matched control subjects.
Statistical Analysis
Imaging changes were correlated with clinical outcome and

quantitative proton MR spectroscopic changes in the occipital
gray matter. In addition, imaging and spectroscopic changes at
different times after submersion (1 to 2 days, 3 to 4 days, and
5 days or more) were correlated with outcome to determine the
prognostic strength of the MR imaging findings. Significance of
differences among groups was tested by using one-way analysis
of variance (ANOVA). Parametric data were assessed for
strength of association by Pearson product-moment correlation
coefficient. Nonparametric data were assessed by Spearman
rank correlation coefficient and x2-test (with continuity correc-
tion when the sample size was small) (SPSS for Windows, SPSS
Inc, Chicago, IL).

Results
Of the 22 patients, six had a good outcome, four

were left in a persistent vegetative state, and 12 died.
Forty-seven combined MR imaging and MR spectro-
scopic examinations were performed. High-quality
MR images were obtained in 42 studies; in five stud-
ies, images were severely degraded or unavailable at
the time of review. Forty-four MR spectroscopic stud-
ies were available for review, in which 40 had absolute
quantitation of metabolites. Analysis of variance
showed no significant differences in the distribution
of age among the three outcome groups. The distri-
bution of MR imaging and MR spectroscopic findings
across the three outcome groups is summarized in
Table 2.

MR Findings in Outcome Groups
Good outcome.—In the six children with good out-

comes (11 studies obtained from 1 to 4 days after sub-
mersion and one late follow-up study at 2 months), the
imaging findings were few. In no patient was there
evidence of occipital or generalized edema or second-
ary findings of basal cistern or sulcal effacement.

Basal ganglia margins were abnormal and indistinct
in five of six patients at the time of the initial study
(mean, 2.3 days). Four patients had loss of the normal
posteromedial margin (and/or posterolateral margin)
of the lentiform nuclei. Subsequent imaging in three
cases showed resolution in two and no change in one.
One patient had swelling of the basal ganglia with
retention of crisp margins at presentation (day 1).
Subsequent imaging (day 2) showed normal-size basal
ganglia but loss of the normal margin, with complete
return to normal by day 4. In no case was abnormal
signal intensity seen on T1- or T2-weighted images.
No cortical changes, hemorrhage, or infarction were
seen in this group.

Absolute quantitation of principal metabolites was
determined in 10 examinations. NAA was 79% to
93% of normal (mean, 83 6 6%), Cr was 79% to
104% of normal (mean, 90 6 8%), and NAA/Cr was
76% to 92% of normal (mean, 84 6 7%). In no
examination was lactate present or Glx elevated (Fig
1B). No spectra were below the threshold for normal-
ity (as defined above). MR spectroscopic results are
summarized in Table 2.

Persistent vegetative state.—All four patients (11
studies obtained between 1 and 16 days after submer-
sion and one late follow-up at 3 months) had edema,
which could be seen as early as 24 hours after sub-
mersion. Edema, which was initially focal, became
generalized with time, and in one child compression
of the basal cisterns developed. All children had sig-
nal intensity abnormalities of the basal ganglia with
hyperintense areas on T2-weighted images (Fig 2). In
addition, three had swelling of the basal ganglia and
indistinct margins on T1-weighted images.

All four children had cortical abnormalities. In
three, subcortical lines were seen on initial studies
(days 1 to 2) and the fourth showed focal T2 hyper-
intensity (on day 12). The development of cerebral
atrophy was also seen on intermediate studies (days
12 and 16) and at late follow-up (3 months) (Fig 2G
and 2H). In addition, brain stem infarcts developed in
two patients.

Absolute quantitation was determined in nine
cases. NAA ranged from 36% to 75% of normal
(mean, 62 6 13%) and Cr was 67% to 80% of normal
(mean, 76 6 5%), with return to 92% at day 16 and to
99% at day 94. NAA/Cr was 38% to 90% of normal
(mean, 65 6 16%). Lactate was present in six exam-
inations as early as day 1. Glx was elevated initially
(mean, 133 6 21%), but returned to normal levels
after day 6 (Table 2). At the time of the first exami-
nation, three of four children had spectra below the
threshold for normality. In the fourth child, the MR
spectra did not meet the criteria for abnormality at
presentation (day 1) but were appropriately abnormal
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FIG 2. Progression of basal ganglia changes in a 19-month-old boy who remained in a permanent vegetative state.
A and B, Axial SE T1-weighted (600/20) (A ) and proton density–weighted (3000/30) (B ) MR images on day 1 show indistinct margins

of lentiform nuclei (arrows, A ) and high signal intensity peripherally (arrows, B ).
C, Gray matter spectrum (1500/30, with a mixing time of 13.7) on day 1 shows reduced NAA and elevated Glx. The peak superimposed

on the lipid and macromolecular resonances (Lip/Lac) may indicate excess lactate (a difficult diagnosis on this spectrum in isolation, but
confirmed on the later examination at day 3).

D and E, Axial SE T1-weighted (600/20) and T2-weighted (3000/90) MR images on day 3. The lentiform nuclei are seen less clearly
on the T1-weighted image (arrowheads, D ) and have diffuse high signal intensity on the T2-weighted image (arrowheads, E ).

F, Gray matter spectrum on day 3 shows considerably reduced NAA and elevated Glx and lactate.
G and H, Axial SE T1-weighted (600/20) (G ) and T2-weighted (2500/90) (H ) MR images at 3 months show diffuse atrophy and chronic

changes in the basal ganglia with focal T2 high signal intensity changes in the posterior aspect of the lentiform nuclei bilateral
(arrowheads, H ).

I, Gray matter spectrum (1500/30, with a mixing time of 13.7) at 3 months shows almost absent NAA and elevated Glx and lactate.
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FIG 3. Development of subcortical
“tram-tracks” in a 19-month-old girl who
died.

A, T2-weighted SE image (3000/90)
obtained on day 1 shows the presence of
generalized edema.

B, Gray matter spectrum on day 1
shows reduced NAA. Elevated lactate
cannot be readily defined on this early
spectrum in isolation, but was confirmed
on the later examination, at day 4.

C, T2-weighted SE image (3000/90)
obtained on day 4 shows the develop-
ment of extensive subcortical high signal
intensity lines or “tram-tracks” (arrows).

D, Gray matter spectrum (1500/30,
with a mixing time of 13.7) on day 4
shows considerably reduced NAA and
Cr, and elevated Glx and lactate.
(NAA 5 71%) by day 3 and remained abnormal on
all subsequent examinations.

Death.—Of the 12 patients who died (20 studies
obtained between 1 and 8 days after submersion),
edema was seen in 11. At the first examination,
edema was focal in the occipital cortex in five and
generalized in five (Fig 3A). Delayed edema (day 5)
developed in the occipital cortex in one patient, who
also had abnormal basal ganglia but no edema ini-
tially. In three, edema was severe enough to cause
compression of the basal cisterns. In all patients,
indistinct margins of the basal ganglia were seen on
T1-weighted images and hyperintensity was present
on T2-weighted images by day 4. One patient with
indistinct margins on T1-weighted images at day 2
had T1 hyperintense basal ganglia by day 4 (Fig 4).
Basal ganglia swelling was also present in six of these
patients, and cortical abnormalities were seen in four.
In three children, subcortical lines developed (Fig
3C), and two showed focal high signal intensity on
T2-weighted images (Fig 5A). One had evidence of
laminar necrosis with high signal on T1-weighted
images. Two patients also had brain stem infarcts
(Fig 6).

Absolute quantitation of metabolites was deter-
mined in all examinations. NAA ranged from 41% to
103% of normal (mean, 61 6 16%), and Cr ranged
from 56% to 90% of normal (mean, 72 6 11%).
NAA/Cr was 47% to 93% of normal (mean, 66 6
19%). Lactate was present in 12 examinations as early
as day 1. Glx was elevated in all early studies (mean,
138 6 20%) (Table 2); in one case, returning to
normal after 9 days. At the first examination, MR
spectra were below the threshold for normal in 10
children; in the other two, the MR spectra were ini-
tially within normal limits (days 1 and 2, respectively)
but were appropriately abnormal in both children by
day 4 (NAA 5 62%, Cr 5 60%, moderate lactate;
NAA 5 63%, Cr 5 64%, respectively) and all subse-
quent examinations remained abnormal.

Progression of Findings
The distribution of high signal in the basal ganglia

progressed with time (P , .005) (Fig 7). Initially, high
signal intensity was seen peripherally along the lateral
border of the putamen and the medial border of the
globus pallidus on T2-weighted images (Fig 2B). Af-
ter day 2 this pattern became more patchy (Fig 7).
Beyond day 4, a diffuse high signal intensity pattern
had developed in all patients (Fig 2E). No resolution
of this finding was seen on subsequent imaging stud-
ies in any patient. On one late follow-up study the
basal ganglia injury had evolved into the well-de-
scribed chronic pattern of anoxic-ischemic injury with
focal areas of gliosis in the posterior aspect of the
lentiform nuclei and the ventrolateral thalamus (7,
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FIG 4. Development of T1 high signal in-
tensity in the basal ganglia in a 1-year-old
girl who died.

A, Axial T1-weighted SE image (800/11)
shows indistinct basal ganglia margins on
day 2 (arrows).

B, Gray matter spectrum on day 2
shows considerably reduced NAA and Cr,
and elevated Glx and lactate.

C, High signal intensity is present in the
basal ganglia on day 4 (arrowheads).

D, Gray matter spectrum (1500/30, with
a mixing time of 13.7) on day 4 shows
almost absent NAA, reduced Cr, and ele-
vated Glx and lactate. Myo-inositol is also
reduced (the significance of which is un-
clear).

FIG 5. Focal high signal intensity in a
6-year-old boy who died.

A, Axial FSE T2-weighted image (3200/
112eff, ETL 5 8) obtained on day 1 shows
focal areas of cortical hyperintensity
(arrows).

B, Gray matter spectrum shows re-
duced NAA and elevated lactate.
16) (Cohn MJ et al, 1995) (Fig 2G and H). Edema
also progressed with time (P , .05); occipital edema
was present as an early feature, whereas generalized
edema was more prevalent beyond day 3. The pres-
ence of subcortical lines on T2-weighted images and
its T1 correlate of an indistinct gray/white matter
interface tended to be an early finding but failed to
reach statistical significance.
Correlation of MR Imaging Findings with
Clinical Outcome

A strong correlation was observed between abnor-
mal MR imaging findings (cortical or basal ganglia T2
signal changes or presence of occipital or generalized
edema) and clinical outcome (P , .0001). An exam-
ination of each of these findings independently re-
vealed good correlation between the presence of oc-
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FIG 6. Pontine infarction in a 2-year-old
boy who died.

A, Axial FSE T2-weighted image (3200/
112eff, ETL 5 8) shows a high signal
intensity infarction in the left pons (ar-
row).

B, Gray matter spectrum (1500/30,
with a mixing time of 13.7) on day 2
shows markedly reduced NAA and prob-
able excess of lactate. Elevated lactate
cannot be readily defined on this early
spectrum in isolation, but was confirmed
on a later examination (not shown).
cipital/generalized edema or of high signal in the
basal ganglia on T2-weighted images and poor clinical
outcome (P , .001 for both findings). Abnormal
signal intensity in the cortex on T2-weighted images
was seen in 11 of 16 children who had a poor outcome
(vegetative state or death) but was absent in another
five children who had a poor outcome. While this
finding lacks sensitivity (69%) it shows good specific-
ity for a poor outcome (100%). The same was true of
brain stem infarcts, which also were not sensitive for
a poor outcome (25%) but showed good specificity
(100%) when present. No reversibility of these find-
ings was observed.

Indistinct basal ganglia margins on T1-weighted
images was a common finding (78%) and an early and
sensitive indicator that an anoxic-ischemic event had
occurred. Correlation between this finding and clini-
cal outcome, however, was poor. In three of the pa-
tients with a good outcome, the basal ganglia margins,
although initially indistinct, regained their usual dis-
tinct margins on follow-up studies, suggesting revers-
ibility of this sign in instances of mild hypoxia. In
cases of severe hypoxia (vegetative state or death),
the early T1 changes in the basal ganglia margins
progressed to “invisible basal ganglia” (isointense
with surrounding white matter) (Fig 4A), and in one
instance, eventually became hyperintense (Fig 4C). In
these cases of severe hypoxia, the corresponding T2-
weighted images showed peripheral high signal inten-
sity initially that progressed to diffuse high signal

FIG 7. Time line of the distribution of basal ganglia T2 signal
changes.
intensity throughout the basal ganglia. In contrast to
the T1 signal changes, the T2 changes, once estab-
lished, did not reverse and correlated with poor out-
come (P , .001); these are, therefore, late and omi-
nous signs.

To observe the impact of the timing of the exami-
nation on the MR imaging findings, and to establish
the role of MR imaging in determining outcome, the
results were further analyzed in smaller time frames
for examinations on days 1 to 2, days 3 to 4, and day
5 or later (Table 3). For this analysis, abnormal MR
findings were defined as presence of high T2 signal in

TABLE 3: Findings at MR imaging versus outcome for the 1–2, 3–4,
and >5-day periods

MR Imaging*

Outcome

Total
Good

Vegetative
State

Death

1–2 days
Normal 5 1 1 7
Abnormal 0 3 9 12

Total
(P , .005)

5 4 10 19

3–4 days
Normal 5 0 0 5
Abnormal 0 3 6 9

Total
(P , .001)

5 3 6 14

5 or more days
Normal 1 0 0 1
Abnormal 0 4 4 8

Total
(P , .025)

1 4 4 9

* “Abnormal” was defined as the presence of high T2 signal in the
cortex or basal ganglia, brain stem infarction, or occipital or generalized
edema; findings were considered “normal” in the absence of these
features.
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the cortex or basal ganglia, brain stem infarction, or
occipital or generalized edema. Findings were consid-
ered normal in the absence of these features. Indis-
tinct basal ganglia margins was a transient (and even
reversible) sign, so this feature was less useful in
determining outcome.

The best correlation with outcome was seen for
MR imaging changes observed at days 3 to 4 (P ,
.001). The positive predictive value of abnormal MR
imaging findings at this time for a poor outcome
(persistent vegetative state or death) was 100% (neg-
ative predictive value was also 100%). As early as
days 1 to 2 there was still a good correlation between
MR findings and outcome (P , .005). The positive
predictive value of abnormal MR findings at days 1 to
2 was also 100%. The negative predictive value was
71%, indicating the risk of a false-negative result at
this early stage.

Correlation of MR Imaging Findings with Results
of MR Spectroscopy

A strong correlation was observed between abnor-
mal MR spectra (NAA, Cr, or NAA/Cr below 75% of
normal or presence of lactate) and abnormal MR
imaging findings (T2 signal changes in the basal gan-
glia or cortex, edema, or brain stem infarction) (P ,
.0001). Examinations beyond 3 to 4 days showed per-
fect concordance between MR images and MR spec-
tra and clinical outcome. Three early studies showed
discordance, all false-negative MR spectroscopic
studies obtained before 3 to 4 days. One study showed
occipital edema and signal changes on T2-weighted
images in the basal ganglia and cortex (day 1) (Fig 2A
and B), the second showed generalized edema and
signal changes on T2-weighted images in the basal
ganglia and cortex (day 1) (Fig 5A), and the third
showed focal occipital edema and patchy basal gan-
glia changes on T2-weighted images (day 2). The first
remained vegetative, the other two subsequently died
(early false-negative MR spectra). MR spectroscopic
studies repeated in all cases were appropriately ab-
normal (on day 3 for the first child, on day 4 for the
second and third children).

Discussion
Near drowning is a common cause of hypoxic en-

cephalopathy in children; other causes include card-
iocirculatory arrest, anesthesia accidents, and at-
tempted strangulation. The mechanisms underlying
the development of brain damage from all causes of
hypoxic encephalopathy are extremely complex. As
near drowning victims are usually neurologically in-
tact before the event, they serve as excellent models
for studying hypoxic encephalopathy. During a
drowning episode, neurologic damage may be caused
by a variety of factors, including cerebral hypoxia
(following arrest of alveolar oxygen exchange), car-
bon dioxide narcosis, laryngospasm, pulmonary re-
flexes, or vagally mediated cardiac arrest (17). As
cerebral hypoxia leads to circulatory arrest and de-
creased cerebral blood flow, the resulting neuro-
pathologic changes reflect the effects of both hypoxia
and ischemia. Changes occurring in arterial oxygen
content, carbon dioxide content, pH, and blood pres-
sure ultimately lead to brain injury, seen on MR
images as edema, infarction, and hemorrhage (18).

Initially after the insult, compensatory responses
come into operation to help protect the brain; tem-
porarily, these lead to maintenance of regional cere-
bral blood flow (rCBF) owing to elevation of arterial
blood pressure and redistribution of blood flow to
vital organs. As the insult continues, the concomitant
increase in carbon dioxide and decrease in blood
pressure lead to a subsequent loss of autoregulation,
reducing rCBF and resulting in decreased brain per-
fusion (18, 19). This results in infarction. The de-
crease in oxygen concentration leads to changes in
capillary regulation and ultimately to capillary dam-
age. When blood pressure is subsequently restored to
normal values, resulting in reperfusion of previously
injured tissue, hemorrhage may develop at the sites of
previous capillary damage (18). In addition, the de-
veloping metabolic acidosis and hypoxemia rapidly
alter the permeability of the blood-brain barrier, lead-
ing to vasogenic edema. Hemispheric swelling and
brain herniation may occur in severe cases. The
amount of edema is a reflection of the extent of the
original and subsequent hypoxic effects.

By far the majority of patients who survive near
drowning fall into two clinical groups, those who are
normal after resuscitation (good outcome) and those
who are vegetative (poor outcome). Vegetative pa-
tients ultimately die, but may remain in this state for
extended periods of time. Although an accurate pre-
diction of outcome based on clinical findings at pre-
sentation is extremely difficult (17–20), those patients
who have absent muscle tone (Glasgow Coma Scale
score of 3) and absent pupillary light reflexes are
highly likely to die or to survive in a vegetative state
(20). Ventilator-dependent patients in a coma repre-
sent a major dilemma early in their hospital course, as
intensive care staff and parents together face deci-
sions as to whether to disconnect life-support systems.

Both MR imaging and MR spectroscopy have bet-
ter predictive value when examinations are per-
formed beyond day 3. When studies are equivocal, it
is helpful to repeat them 24 to 48 hours later in order
to follow rising or falling trends in results. However,
this time delay is not always practicable, as clinical
decisions must frequently be made within a narrow
window of time, in which care givers must balance the
fact that life support needs to be continued at least
until there is evidence of no hope of meaningful
survival with the fact that decisions to terminate ven-
tilatory support in the presence of cortical death must
be made before breathing becomes autonomous (in
order to prevent survival in a vegetative state). In this
profound situation it is extremely helpful to have the
results of MR studies to compare with clinical infor-
mation. The early (and often subtle) irreversible MR
imaging findings that we have described in this article
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may be helpful in guiding management at this difficult
stage.

As reported above, MR imaging findings include
focal (particularly occipital) and generalized edema,
basal ganglia changes, cortical abnormalities, and
brain stem infarcts. There are important differences
between the MR imaging findings seen in children
with hypoxic encephalopathy and those described in
infants (1–6) (Cohn MJ et al, 1995). Although focal
and generalized edema are seen in both groups, the
cortical changes and the observed progression of
basal ganglia changes are different. In infants, the
earliest basal ganglia changes are of diffuse T1 hyper-
intensity, which may be identified as early as day 1
after the hypoxic event. Later, the areas of hyperin-
tensity become more focal and are positioned in a
characteristic distribution involving the posterior len-
tiform nuclei and the ventrolateral thalamus. The
appearance of the basal ganglia on T2-weighted im-
ages is initially normal and T2 changes are not iden-
tified until later, when either focal hyperintensity or
hypointensity may be seen (Cohn MJ et al, 1995). By
contrast, in the older children described in this study,
the earliest basal ganglia signal intensity changes seen
were on T2-weighted images. High signal intensity is
present initially only along the periphery of the len-
tiform nuclei, gradually becoming more patchy and
finally involving them diffusely. Although the T1 sig-
nal intensity of the basal ganglia is normal on early
studies, the margins of the lentiform nuclei are fre-
quently fuzzy or indistinct. The development of basal
ganglia hemorrhage after near drowning has been
described previously (8, 21), but it was not a frequent
finding in our group of patients. Only in one child did
the T1 signal intensity of the basal ganglia appear
hyperintense, and this did not occur until day 4 (Fig
4). This T1 hyperintensity may have been due to the
presence of early subacute hemorrhage or may have
had an origin similar to the T1 high signal intensity
seen in neonates.

It is likely that the basal ganglia T2 changes in older
children reflect the presence of localized edema.
Those seen in infants are more confusing; the T1
hyperintensity on early studies in infants may be due
to the presence of hemorrhage, transient calcium,
lipid from myelin breakdown products, free fatty ac-
ids or membrane lipids, or even from the paramag-
netic effects of free radicals. The cortical changes
seen are also different in the two groups, with laminar
necrosis being common in infants and high signal
intensity subcortical lines more frequent in the older
children (8). It is possible that the high T2 signal
intensity due to the higher water content of the white
matter of the newborn brain obscures the presence of
“tram-tracks” if present. Also, the softer consistency
of the unmyelinated newborn brain may be more
susceptible to necrosis, resulting in a higher preva-
lence of laminar necrosis in infants than in older
children.

In both groups the characteristic distribution of
injury is due to selective vulnerability of these areas of
the brain during specific times of brain maturity.
These differences are probably related to the chang-
ing location of excitatory amino acid (glutamine) re-
ceptors and areas of myelination with age (19, 22, 23).
At the time myelination occurs in a specific site, this
site is extremely active metabolically and demanding
of oxygen (19, 24), making it more vulnerable to
periods of hypoxia.

The difference in the extent of early and final MR
abnormalities may be an indication of partial revers-
ibility of damage in certain parts of the basal ganglia
but not in others. The concept of potential reversibil-
ity of anoxic-ischemic damage as reflected by revers-
ibility of early MR imaging findings is a particularly
exciting one as we approach the era of therapeutic
intervention for the treatment of anoxic-ischemic in-
jury. Apparent reversibility of early basal ganglia
changes in infants with anoxic-ischemic encephalop-
athy has been described previously (Cohn et al, 1995),
and this observation also appears to be true for the
fuzzy basal ganglia sign seen in our subgroup of older
children with a good ultimate outcome. Therefore,
the presence of this subtle early imaging finding
should alert physicians that a child needs to be closely
monitored for the development of neurologic se-
quelae, but it does not in itself necessarily predict
poor outcome. If early changes progress to basal gan-
glia T2 hyperintensity with or without cortical
changes, then it is much more likely that the final
clinical outcome will be poor.

As MR diffusion imaging and other new sequences
with increasing sensitivity for demonstrating areas of
brain disease become more widely available, we will
undoubtedly see very early and subtle changes caused
by anoxic-ischemic damage more often. These find-
ings will perhaps afford us a better understanding of
this complex problem (25). As yet, the relationship
between early diffusion imaging findings and progno-
sis is unclear, and further study is needed. As we have
shown, some findings may reverse (basal ganglia mar-
gins) and detection of similar abnormalities with
more sensitive techniques may not necessarily imply
poor prognosis.

In the first 24 to 48 hours, the presence of edema or
T2 changes in the basal ganglia or cortex signal is both
sensitive (100%) and specific (86%) for a poor out-
come (persistent vegetative state or death). Even the
presence of edema alone is helpful in predicting out-
come, which supports similar findings from CT stud-
ies (21, 26, 27). Generalized edema or edema con-
fined to the occipital cortex, on the other hand, did
not reverse and was present in all patients in the
vegetative outcome group and in 92% of those who
died. As was previously found with MR spectroscopy
(12), MR imaging findings could not differentiate
patients who will die from those who will remain in a
persistent vegetative state; however, since, clinically,
the important distinction is between good and poor
outcome, this is not a problem. The study was de-
signed with this clinically important distinction in
mind; thus, the reviewing radiologists were aware of
the diagnosis of near drowning but were blinded to
the clinical outcome and MR spectroscopic findings.
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Conclusion
In the evaluation of near drowning, MR imaging

findings may be interpreted in isolation, but we found
MR imaging and MR spectroscopy to be complemen-
tary. MR imaging and MR spectroscopy measure dif-
ferent parameters of hypoxia that are independent
(but both correlate with poor outcome). The power of
the combined examinations is superior to each indi-
vidually (reducing potential false-negative results in
early examinations). Because MR imaging and MR
spectroscopy reflect different, but associated, param-
eters or factors in hypoxia, the MR spectroscopic
study does not help to explain the pathophysiology of
the MR imaging characteristics. The quantitative na-
ture of MR spectroscopy makes it an extremely valu-
able tool when faced with the daunting task of making
decisions with regard to termination of life support.
In this situation, radiologists and spectroscopists are
not asked to merely recognize hypoxic encephalopa-
thy but also to play a pivotal role in determining
prognosis and management. Intensive care physicians
found the quantitative nature of MR spectroscopy
extremely valuable both in making their own recom-
mendations and in illustrating the degree of cerebral
injury to the families of the patients. Nonquantitative
MR spectroscopy also adds important information,
although it may tend to underestimate a fall in NAA
(as in hypoxic insult, Cr falls and is not a constant
denominator in the NAA/Cr ratio). Such combined
MR examinations should be considered for all these
children, and MR spectroscopy may be performed as
an integral part (6 minutes per sequence) of a routine
brain MR examination. The availability of MR spec-
troscopy is, however, not as widespread as that of MR
imaging, and thus such a combined study, although
ideal, is possible only at a few centers. In most cen-
ters, in which MR spectroscopy is not available, the
MR imaging features described above are sufficient
to allow recognition of hypoxic encephalopathy, de-
termination of prognosis, and planning of future man-
agement in these children.
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