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Dynamic changes in electrophysiology of brainstem auditory
neurons during the first month after birth were studied in 51 term
infants after perinatal asphyxia using maximum length sequence
brainstem auditory evoked responses. The responses were re-
corded on d 1, 3, 5, 7, 10, 15, and 30 after birth. On d 1, wave
III and V latencies and all interpeak intervals increased signifi-
cantly at all repetition rates of clicks used (91–910/s), especially
the higher rates (ANOVA, p � 0.05–0.0001). On d 3, all these
latencies and intervals increased further and differed more sig-
nificantly from the normal control subjects. Thereafter, the la-
tencies and intervals decreased progressively. On d 7, wave V
latency and all intervals still differed significantly from the
control subjects. These dynamic changes were more significant at
higher rates of clicks than at lower rates. On d 10 and 15, all
intervals decreased significantly. On d 30, all wave latencies
decreased to the values in the normal control subjects on the
same day. The intervals also approached normal values, although
the III–V and I–V intervals still increased slightly. These results
indicate that hypoxic-ischemic brain damage persists during the
first week, with a peak on d 3, and recovers progressively

thereafter. By 1 mo, the damage has largely returned to normal.
Maximum length sequence brainstem auditory evoked responses
results correlated well with the stage of hypoxic-ischemic en-
cephalopathy during the first week. The present study revealed a
general time course of brainstem pathophysiology after asphyxia,
although there were individual variations. Our findings can be
used as a reference to monitor cerebral function and help judge
the value of neuroprotective or therapeutic interventions. The
first week, particularly the first 3 d, is a critical period of
hypoxic-ischemic brain damage, and early intervention may
prevent or reduce deterioration of the damage. (Pediatr Res 54:
680–687, 2003)

Abbreviations
BAER, brainstem auditory evoked response
dB nHL, decibel normal hearing level
HI, hypoxia-ischemia
HIE, hypoxic-ischemic encephalopathy
HII, hypoxic-ischemic insult
MLS, maximum length sequence

There is growing evidence to suggest that HII after asphyxia
produces permanent brain damage by processes that continue
for many hours after the insult (1–3). The neurotoxic cascade
leads to delayed cell death hours, days, or months later. This
may provide an opportunity for early therapy aimed at prevent-
ing further damage of the brain. However, further study of the
pathophysiologic process of HI brain damage, especially dur-

ing the critical period, is of great importance for planning any
intervention with neuroprotective and therapeutic measures
(4–8).

A major neuropathologic pattern of HIE in term infants is
known to be selective neuronal necrosis. After perinatal as-
phyxia discrete lesions are very common in the brainstem
(9–11). In acute total asphyxia there is extensive neuronal
necrosis. The damage preferentially affects the brainstem, thal-
amus, and basal ganglia with the cerebral cortex being rela-
tively spared (11). The lesions in the brainstem frequently
involve the auditory pathway, including loss of neurons with
gliosis or ischemic cell changes in the cochlear nuclei, superior
olive, and inferior colliculus, suggesting that this pathway is
particularly sensitive to HII (9, 10). Thus, study of this path-
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way can provide important information about cerebral function
after asphyxia. A noninvasive and objective test that reflects
functional status of this pathway is the BAER (12). This
response is very sensitive to arterial blood oxygen levels and
hypoxia (13, 14), and has been used to assess auditory function
and, in a more general sense, cerebral function in infants after
asphyxia (12, 15–20). However, the BAER, recorded using
conventional averaging techniques, often fails to demonstrate
early or subtle neural impairment.

Increasing the repetition rate of acoustic stimuli while re-
cording the BAER may improve the detection of neural im-
pairment (12, 15). Our recent studies indicate that to improve
the detection of neuropathology the repetition rate of stimuli
should be high enough to effectively stress the large number of
neurons along the brainstem auditory pathway (18, 21, 22).
However, conventional averaging technique imposes a rate
limit of approximately 100/s, which restricts the ability of the
method of increasing click rate to improve early detection of
neural impairment (23, 24). We have recently studied a rela-
tively new technique, the MLS BAER, in infants of various
ages (23–25). The major advantage of this technique is that it
can present acoustic stimuli at much higher rates (up to 1000/s
or even higher) than is possible using conventional BAER
(23–29). The higher rates provide a much greater temporal or
physiologic challenge to brainstem auditory neurons, poten-
tially enhancing the detection of neuropathology. We have
found that this relatively new technique is a valuable method to
detect early brain damage after perinatal asphyxia and is more
sensitive than conventional BAER (24, 25).

To date, limited information is available about the detailed
time course of HI brain damage after asphyxia, revealed using
noninvasive methods. We have recently studied dynamic
changes in brainstem auditory electrophysiology in infants who
suffered perinatal asphyxia by serially recording the MLS
BAER during the first month after birth to understand the
detailed pathophysiologic process of brain damage after as-
phyxia. Wave latencies and interpeak intervals in the MLS
BAER were analyzed in detail to assess central auditory func-
tion. Because preterm asphyxiated infants often have other
associated perinatal problems, which may mask the signifi-
cance of intrapartum HI (30), we have confined this study to
term infants. Subjects with peripheral auditory impairment
were excluded to avoid the potential peripheral influence on
central components of the MLS BAER.

METHODS

Subjects. Sixty-five newborn infants who suffered perinatal
asphyxia, or HI (39 boys and 26 girls), were recruited either
from the Neonatal Unit, Department of Paediatrics, John Rad-
cliffe Hospital, University of Oxford, United Kingdom (n �
26), or from the Neonatal Unit, Children’s Hospital of Fudan
University, Shanghai, China (n � 39). Gestational age ranged
between 37 and 42 wk (39.3 � 1.5 wk), and birth weight
between 2150 and 4550 g (3212 � 505 g). These subjects were
studied on d 1, 3, 5, 7, 10, 15, and 30 after birth.

The criteria for perinatal asphyxia were 1) clinical signs of
HI (hypotonia with reduced or no spontaneous movements,

increased threshold for primitive reflexes, lethargy or coma-
tose, absence or very weak suck and requirement of tube feeds,
or seizures), and other signs of hypoxia, including frequent
depression and failure to breathe spontaneously at birth (30,
31); and 2) depression of the Apgar score (�6 at 5 min). Most
subjects had meconium staining of the amniotic fluid and
umbilical cord blood pH � 7.10. Cranial computed tomogra-
phy or ultrasound scan showed that 52 infants had HI. Those
who had congenital malformation and congenital or perinatal
infection of the CNS were excluded.

The normal control subjects were 38 healthy newborn in-
fants (18 boys and 20 girls), recruited from the maternity
words, Department of Obstetrics and Gynaecology, John Rad-
cliffe Hospital, University of Oxford, United Kingdom. None
had any major perinatal conditions or complications such as
asphyxia, intrauterine growth retardation, intrauterine or post-
natal infection, or congenital abnormality. Gestational age
ranged between 37 and 41 wk (39.0 � 1.3 wk). Apgar scores
were all �8 at both 1 and 5 min. Monaural BAER thresholds,
determined by conventional BAER at 21 clicks/s, were all �20
dB nHL at the time of testing. The MLS BAER was recorded
on d 1–3 (first recording) and d 30 after birth (second
recording).

Recording and analysis of the MLS BAER. The study
protocols and procedures were approved by the Central Oxford
Research Ethics Committee and the Children’s Hospital Ethics
Committee of Fudan University. Informed consent of parents
and the pediatrician in charge was obtained.

A Bravo Portable Evoked Potential System (Nicolet Bio-
medical Inc, Madison, WI, U.S.A.) was used to record and
analyze the MLS BAER. The procedures were basically the
same as previously reported (23, 24). Briefly, the subjects lay
supine in their crib. The recording started after the baby fell
asleep naturally, often after a feeding. No sedatives were used.
The left ear was tested in all subjects. Three gold-plated disk
electrodes were placed at the middle forehead (positive), the
ipsilateral earlobe (negative), and the contralateral earlobe
(ground). Interelectrode impedances were maintained at �10
k�.

Rarefaction clicks of 100 �s were delivered monaurally
through a TDH 39 earphone at repetition rates of 91/s, 227/s,
455/s, and 910/s, equivalent to a minimum interpulse interval
(the duration of the sequence) of 11.1, 4.4, 2.2, and 1.1 ms,
respectively. The intensity of clicks was 60 dB nHL for all
infants. Higher intensities were also used in those with a BAER
threshold �20 dB nHL so that the data of BAER central
components in asphyxiated infants can be compared with the
normal control subjects at the same hearing level (i.e. �40 dB
above their thresholds). Conventional BAER was also recorded
at 21/s for comparison and for the determination of BAER
threshold (the lowest intensity at which wave V can be
recognized).

The evoked brain responses were amplified and filtered at
100–3000 Hz. If the data exceeded 91% of the sensitivity
factor setting (51 �V), that sweep (artifact) was automatically
rejected by the system. Sampling was manually discontinued
whenever there were excessive muscle artifacts on the moni-
toring oscilloscope. Brain responses to 1500 clicks were aver-
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aged for each run. A sweep duration of 24 ms was used in
recording the MLS BAER, and a duration of 12 ms was used
in conventional BAER. As shown in the sample recordings of
the MLS BAER in asphyxiated infants in our previous paper
(24), duplicate recordings were made in response to each
stimulus condition to examine reproducibility. The clicks were
presented in the sequence of 91/s, 227/s, 455/s, and 910/s in the
first run. A reverse sequence was used in the second run. Mean
measurements of the two replicated recordings to each stimulus
condition were used for data analyses.

Wave latencies and interpeak intervals in the MLS BAER
were measured and analyzed in detail. All quantitative analyses
of BAER variables were based on the data collected at the click
intensity of 60 dB nHL for thresholds �20 dB nHL, 70 dB
nHL for thresholds �20–30 dB nHL, or 80 dB nHL for
thresholds �30–40 dB nHL. This allowed all data in the
asphyxiated infants to be analyzed at a level �40 dB above the
thresholds, the same as in the control subjects, and to be
compared directly with those in the control subjects.

Because of a reduction of energy supply to the organ of Corti
after asphyxia, cochlear function may be impaired in some
cases. Furthermore, some subjects may have middle ear disor-
ders during the course of study. It is known that peripheral
hearing impairment affects the measurement of central BAER
components, resulting in amplitude reduction and latency pro-
longation. If there is a high frequency hearing loss, I–V
interpeak interval could be shortened because of a shift in the
relative contributions of different regions of the cochlea to the
click response, from the normally dominant high-frequency
region (2–4 kHz) to lower frequency regions of the cochlea
associated with longer latencies. To minimize the potential
effect of peripheral hearing impairment on MLS BAER central
components, assessing central function more accurately, the
data of 14 infants who had a BAER threshold �25 dB nHL
were excluded. Thus, the data presented in this report were
collected from the remaining 51 children who had a BAER
threshold �25 dB nHL.

Each asphyxiated infant was studied between two and five
times, as appropriate. The number of infants on each study day
(d 1, 3, 5, 7, 10, 15, and 30 after birth) ranged between 23 and
32. Mean and SD of each BAER variable at each stimulus
condition in the asphyxiated infants were compared with the
normal control subjects using one-way ANOVA. Correlation
of MLS BAER results with the stage of HIE was analyzed with
Pearson’s test.

RESULTS

During the whole period of the first month after birth, all
latencies and interpeak intervals in the asphyxiated infants
changed linearly with the change in click rate, which was more
significant than in the normal control subjects, suggesting an
increased rate-dependent change. The later components of the
MLS BAER, i.e. those with longer latency and reflecting more
central function, changed more significantly than the earlier
components, i.e. those with shorter latency and reflecting more
peripheral function. Wave I latency, reflecting peripheral au-
ditory function, lacked systematic changes, and did not show

any consistent abnormalities at any day of recording (Fig. 1).
By contrast, wave V latency and the interpeak intervals of I–V,
I–III, and III–V, mainly reflecting central auditory function,
often showed systematic changes with change in the day of
recording and repetition rate of click stimuli, and were often
abnormal, especially at higher rates of clicks (Figs. 1 and 2).

Day 1. The change in wave V latency with the increase in
click rate, or rate-dependent change, in the asphyxiated infants

Figure 1. Mean and SEM of wave I, III, and V latencies at different repetition
rates of click stimuli (�40 dB above BAER threshold) during the first month
after birth. The symbols in sequence stand for the data of normal control
infants at term, asphyxiated infants on d 1, 3, 5, 7, 10, 15, and 30, and the
control subjects on d 30.
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was significantly greater than in the control subjects at term.
The latency increased significantly at all rates of clicks, espe-
cially at 455/s and 910/s (ANOVA, p � 0.01–0.001; Fig. 1).
By contrast, wave I latency did not differ significantly from that
in the control subjects at any rates (Fig. 1). Wave III latency
increased slightly at all rates used (all p � 0.05; Fig. 1).

All intervals of I–V, I–III, and III–V in the asphyxiated
infants increased significantly (ANOVA, p � 0.05–0.0001;
Fig. 2). The differences in these intervals between the asphyx-
iated infants and the normal control subjects at term increased
with the increase in the rate of clicks, i.e. the rate-dependent
changes increased in the asphyxiated infants. The III-V/I–III
interval ratio did not differ significantly from the control
subjects at any rate (Fig. 3).

Day 3. Wave V latency in the asphyxiated infants increased
further and differed significantly from that on d 1 at all rates
used (ANOVA, p � 0.05–0.01; Fig. 1). The difference in the
latency between the asphyxiated infants and the control sub-
jects at term was more significant than on d 1 at all rates (p �
0.001–0.0001). Wave III latency also increased slightly further
and was significantly longer than in the control subjects at term
at all rates used (p � 0.01–0.001; Fig. 1). Wave I latency did
not show any significant changes in comparison with that on d
1 (Fig. 1).

All the I–V, I–III, and III–V intervals in the asphyxiated
infants increased further, and differed significantly from those
on d 1 at all rates of clicks (ANOVA, p � 0.05–0.001; Fig. 2).
The differences in these intervals between the asphyxiated
infants and the control subjects at term increased with the
increase in click rate and were more significant than on d 1 (p
� 0.001–0.0001). The III–V/I–III interval ratio tended to
increase slightly at higher rates in comparison with that on d 1,
suggesting that the III–V interval increased slightly more than
the I–III interval at high-rate stimulation (Fig. 3).

Day 5. All wave latencies in the asphyxiated infants tended
to decrease in comparison with those on d 3 (Fig. 1). Wave V
latency decreased significantly at all rates (ANOVA, all p �
0.05–0.01), and was similar to the values on d 1. Nevertheless,
the latency remained significantly longer than in the control
subjects at term at all rates (p � 0.01–0.0001). Wave III

Figure 2. Mean and SEM of I–V, I–III, and III–V intervals at different rates
of clicks (�40 dB above BAER threshold) during the first month after birth.
The symbols in sequence stand for the data of normal control subjects at term,
asphyxiated infants on d 1, 3, 5, 7, 10, 15, and 30, and the control subjects on
d 30.

Figure 3. Mean and SEM of III–V/I–III interval ratio at different rates of
clicks (�40 dB above BAER threshold) during the first month after birth. The
symbols in sequence stand for the data of normal control subjects at term,
asphyxiated infants on d 1, 3, 5, 7, 10, 15, and 30, and the control subjects on
d 30.

683TIME COURSE OF BRAINSTEM PATHOPHYSIOLOGY AFTER ASPHYXIA



latency also decreased at all rates of clicks in comparison with
that on d 3 (ANOVA, all p � 0.05). The latency was similar to
the values on d 1, but tended to be slightly longer than in the
control subjects at term. Wave I latency tended to decrease
slightly at higher rates (Fig. 1).

Compared with those on d 3, all interpeak intervals in the
asphyxiated infants tended to decrease (Fig. 2). The I–V and
I–III intervals decreased significantly at all rates of clicks
(ANOVA, p � 0.05–0.01). The III–V interval also decreased
significantly at 455/s and 910/s (both p � 0.05). All these
intervals in the asphyxiated infants remained significantly
longer than in the control subjects at term (p � 0.01–0.0001).
The III–V/I–III interval ratio did not show any significant
changes and was similar to the values at different rates on d 3
(Fig. 3).

Day 7. No significant further changes were found in any
wave latencies at any rates of clicks (Fig. 1). Similarly, the
III–V/I–III interval ratio did not show any significant change
(Fig. 3). All interpeak intervals tended to decrease slightly
(Fig. 2).

Compared with those in the control subjects at term, the I–V
and III–V intervals still increased significantly, especially at
higher rates (p � 0.01–0.0001), although the I–III interval
increased less significantly (p � 0.05–0.01). Wave V latency
also still increased (p � 0.01–0.001).

Day 10 and later. After the first week, wave III and V
latencies and all intervals in the asphyxiated infants recovered
progressively and significantly, although wave I latency did not
show any significant changes or abnormalities (Figs. 1 and 2).

On d 10 and 15, wave III latency almost recovered, but wave
V still increased slightly. On d 30, all latencies of waves I, III,
and V reached the values in the control subjects on the same
day (Fig. 1). There were no differences in rate-dependent
changes in the wave latencies between the asphyxiated infants
and the control subjects on d 30.

On d 10, the I–III interval already approached the values in
the control subjects at term at most rates used, except at the
highest rate, 910/s (p � 0.05; Fig. 2). The I–V interval and the
III–V intervals were still significantly longer than in the control
subjects at term at all rates, particularly at higher rates
(ANOVA, p � 0.05–0.001). On d 15, all intervals continued to
decrease.

On d 30, both the I–V and III–V intervals decreased further,
but still tended to increase in comparison with the control
subjects on the same day (p � 0.05–0.01 for I–V at 21/s, 91/s,
and 910/s clicks, and p � 0.05–0.001 for III–V at 91–910/s;
Fig. 2). The rate-dependent changes in the two intervals did not
differ from the control subjects. The I–III interval did not differ
significantly from the control subjects at any rates. The III–V/
I–III interval ratio still tended to increase at higher rates (p �
0.5 at 455/s and p � 0.01 at 910/s; Fig. 3), resulting mainly
from the increase in the III–V interval and to a lesser extent
from the slightly decrease in the I–III interval.

Correlation between MLS BAER results and the stage of
HIE. In our cohort, there were 11 subjects with mild asphyxia,
28 moderate, and 12 severe, according to the grading system of
Sarnat and Sarnat (31, 32). Analysis of the correlation showed
that wave V latency correlated significantly with the stage of

HIE at all rates of clicks on d 1, 3, 5, and 7 (r2 � 0.32–0.59,
p � 0.05–0.01), except at 21/s and 91/s on d 5. The correlation
tended to be more significant at higher rates. After the first
week, there was no significant correlation at any rate on any
day. No significant correlation was found between wave I and
III latencies and the stage of HIE on any day during the first
month. When the data on d 1 and 3 were pooled together, wave
III latency showed significant correlation with the stage of
HIE.

The I–V interval in the asphyxiated infants correlated sig-
nificantly with the stage of HIE at all rates of clicks on d 1, 3,
5, and 7, particularly at higher rates (r2 � 0.38–0.66, p �
0.05–0.01). Thereafter, there was no significant correlation at
any day, except at 227/s clicks on d 10 (r2 � 0.42, p � 0.05).
The I–III and III–V intervals correlated significantly with the
stage of HIE at all rates of clicks on d 1, 3, 5, and 7 (r2 �
0.38–0.66, p � 0.05–0.01), except at 21/s clicks on d 1 for the
III–V interval. After the first week, significant correlation was
found only at 227–910/s clicks on d 10 for the I–III interval (r2

� 0.32–0.39, p � 0.05) and at 227/s on d 10 for the III–V
interval (r2 � 0.41, p � 0.05). The III–V/I–III interval ratio did
not correlate with the stage of HIE at any rate on any day.

DISCUSSION

Time course of HI brain damage in asphyxiated infants.
The present study revealed a general time course of brainstem
pathophysiology after perinatal asphyxia. Our findings suggest
that after perinatal asphyxia HI brain damage persists during
the first week after birth, with a peak at approximately d 3 and
a tendency to recover progressively thereafter. It appears that
the first week, particularly the first 3 d, is a critical period of HI
brain damage. By 1 mo, the damage has largely returned to
normal.

Pathophysiologic process of auditory impairment during
the critical period of HI brain damage. The increase in BAER
intervals after asphyxia reflects an impaired neural conduction
and synaptic transmission of the brainstem after HI brain
damage. Our results suggest that perinatal asphyxia has a major
effect on central auditory function during the first week after
birth. In the first day, our major findings in the asphyxiated
infants, i.e. a significant increase in wave V latency and the
I–V, I–III, and III–V intervals, reflect acute HI damage to the
central nervous system, resulting in impaired neural conduc-
tion. The further increase in wave III and V latencies and all
intervals on d 3 indicates a further increase in central conduc-
tion. Apparently, the pathology of HI brain damage progresses
during the first 3 d. This finding is in accordance with the
clinical observation that in some cases the effect of perinatal
asphyxia becomes manifest only some days after resuscitation.

The rate-dependent changes in the BAER primarily reflect
neural processes concerning the efficacy of central synaptic
transmission, as well as neural synchronization and metabolic
status of auditory neurons in the brainstem after the presenta-
tion of a physiologic challenge (24). Asphyxia disturbs the
metabolism of neurons and depresses the electrophysiologic
function of synapses that transmit developmental as well as
regulatory signals between neurons. Synaptic efficacy is related
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to the mechanisms for synthesis, release, and uptake of neuro-
transmitters. Significant HI causes excessive release of gluta-
mate from the presynaptic transmitter site and compromises the
uptake pumps of glutamate within the synaptic cleft. As a
result, the concentration of glutamate increases dramatically
within minutes, leading to an impairment of synaptic transmis-
sion and irreversible neuronal injury.

In the present study the rate-dependent changes in the MLS
BAER in the asphyxiated infants were more significant than in
the control subjects. MLS BAER abnormalities increase with
the increase in click rate. The dynamic changes in the MLS
BAER were more significant at higher rates of clicks than at
lower rates. These findings reflect a decreased efficacy of
central synaptic transmission or a decreased ability of central
neurons to recover in time to transmit the next stimulus-evoked
response after HI. The finding that there was a further increase
in the rate-dependent changes in wave latencies and interpeak
intervals on d 3 suggests that the impairment of central syn-
aptic efficacy deteriorates during the first 3 d.

After the first 3 d HI brain damage tends toward recovery.
However, on d 7 the central components of the MLS BAER
remained significantly abnormal, especially at higher rates.
This finding suggests that central conduction and synaptic
efficacy in the auditory brainstem remain far from normal, and
that HI brain damage persists during the first week.

The III–V/I–III interval ratio tended to increase in the MLS
BAER during the period of study, although it did not show any
significant abnormalities in conventional BAER. This increase
suggests that HI damage to the more central part of the auditory
brainstem is relatively more significant than to the more pe-
ripheral part of the brainstem.

Recovery process of auditory impairment after the critical
period of HI brain damage. After the first week the HI damage
to central auditory neurons recovered significantly and progres-
sively. The recovery process continues up to the end of the first
month studied. By then, the impaired neural conduction in the
brainstem, reflected by the increased wave V latency and
interpeak intervals, has largely returned to normal. The finding
that at higher rates the I–III interval decreased slightly more
than the III–V interval suggests that the more peripheral part of
the brainstem auditory pathway tends to recover sooner than
the more central part of the auditory brainstem.

After the critical period of HI brain damage during the first
week, the increased rate-dependent changes in wave latencies
and interpeak intervals decreased progressively, and returned
to normal on d 30. Thus, by 1 mo the impaired central synaptic
efficacy has almost recovered.

The data presented in this report show a general trend of the
changes in the MLS BAER after perinatal asphyxia. Neverthe-
less, there were individual variations. Some subjects, mainly
those after mild asphyxia, recovered sooner (d 3 or 5) than
others, mainly those after severe asphyxia. In fewer cases, the
intervals in the MLS BAER increased further some days after
birth. This is consistent with our clinical observations in these
subjects that the symptoms of HIE become more significant
some days or even 1 wk after birth.

We found that BAER abnormalities in the asphyxiated
infants became more significant as the rate of clicks was

increased. The dynamic changes in the BAER were more
dramatic at higher rates. Therefore, the high rates provided by
the MLS technique can improve the diagnostic value of the
BAER for HI brain damage.

In addition, we carried out a preliminary observation of the
prognostic value of MLS BAER testing in some of the sub-
jects. The infants whose MLS BAER recovered sooner, e.g. on
d 3 or 5, often had favorable outcome whereas those who had
persistent MLS BAER abnormalities tended to have poorer
outcome. We also found that the MLS BAER had a better
prognostic value than conventional BAER. However, neurode-
velopment has not been assessed in most of our subjects, and
the number of subjects at each stage of HIE was relatively
small at present. More subjects are needed before any detailed
statistical analysis can be performed to elucidate the relation-
ship between MLS BAER changes and the stage of HIE and to
determine the prognostic value of the MLS BAER.

Implications for dynamic changes in brainstem auditory
electrophysiology after perinatal asphyxia. The present study
found a good correlation of wave V latency and the I–V, I–III,
and III–V intervals with the stage of HIE, particularly at higher
rates of clicks, during the first week after birth. From d 10 to
d 30, MLS BAER variables did not correlate significantly with
the stage of HIE. A likely interpretation of this is that after the
first week MLS BAER abnormalities have significantly recov-
ered and the differences in the MLS BAER between different
stages of HIE have become very small. Wave V latency and the
I–V, I–III, and III–V intervals are MLS BAER variables that
mainly reflect central neural function. The significant correla-
tion of these variables with the stage of HIE suggest that these
variables are particularly useful to monitor pathophysiologic
changes in the brain after perinatal asphyxia and the MLS
BAER can provide useful information for the management of
infants after perinatal asphyxia.

Our findings of dynamic changes in the MLS BAER in
infants after perinatal asphyxia provide noninvasive electro-
physiologic evidence of pathophysiologic process of HI brain
damage during the first month after asphyxia. The deterioration
of the damage on d 3 supports the notion of secondary energy
failure and secondary cerebral hypoperfusion. It also suggests
that there is a delayed neuronal impairment after HII and
intervention during the first hours after birth may prevent or
reduce the deterioration.

There is a growing consensus that not only do some cells die
during HI, but many more may die hours or days later (2–4).
A magnetic resonance spectroscopy study in infants after
asphyxia showed that cerebral energy metabolism was usually
normal soon after resuscitation, but oxidative phosphorylation
became impaired 9 to 24 h later and remained low for many
days, suggesting a delayed impairment of energy metabolism
(33). The death of neurons in the postasphyxial period may be
initiated by necrosis as the direct result of the HII, or occur as
the result of apoptosis. Secondary neuronal death probably
occurs as a combination of the two interrelated processes (30).
The mechanisms of this delayed cell death are complex. It has
been recognized that apoptosis is an important aspect of HI
brain damage, and may play an important role in delayed cell
death.
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Intervention with neuroprotective and therapeutic measures
is crucial for improving the outcome of asphyxiated infants.
The delayed cell death or deteriorating neural function shortly
after birth provides an opportunity for therapy aimed at pre-
venting further brain damage. It may be possible to intervene
before delayed cell death occurs and so reduce brain damage.
Experiments in animals have shown that a large number of
treatments would reduce brain injury if given soon after the
insult (1). Recently, moderate hypothermia to protect against
brain injury has undergone vigorous investigation by many
researchers around the world (2, 4, 6, 7, 31). Cooling the brain
to approximately 32°C is one of several interventions that can
be applied after HI to modify the process of brain cell death
and so reduce brain damage. Apparently, rescue treatment of
HI after resuscitation appears to be a real possibility. The
present study provides baseline data for dynamic changes in
brainstem electrophysiology after perinatal asphyxia. These
can be used as reference data to monitor cerebral function after
asphyxia and to assess the responses of the brain to neuropro-
tective or therapeutic interventions or help judge the value of
the interventions. The I–V and III–V intervals can be used as
major MLS BAER variables. The significant correlation of
MLS BAER results with the stage of HIE suggests that the
MLS BAER may also be useful in assisting selection of the
appropriate infants to receive early interventions aimed at
improving the outcome. The infant who shows significant
abnormalities in the MLS BAER may be a suitable candidate
for early interventions, e.g. hypothermia.

Recent studies in animals with experimental neonatal HI
have shown that the BAER correlated to the extent of HII and
that the BAER is useful in assessing the neuroprotective effects
of hypothermia on neonatal HII (34, 35). The authors indicated
that the BAER provides a stable and objective measure to
assess cerebral function after neonatal HII. Similar to our
previous report (24), the present study shows that the MLS
BAER can improve the value of conventional BAER in the
assessment of cerebral function in infants after perinatal as-
phyxia. It is obviously possible that this technique can poten-
tially improve the value of the BAER in the assessment of
treatment effects, e.g. neuroprotective effects of hypothermia.

A time frame in which recording of the MLS BAER is most
valuable for clinic application, particularly to the infant who
suffers severe, prolonged asphyxia, can be selected from the
dynamic changes in the MLS BAER. The first recording can be
made in the first day after birth for the early detection of HI
brain damage and for assessment of the severity of the damage.
The second recording can be made at approximately d 3 to
examine whether the damage has deteriorated or not. The third
recording can be made on d 7–10 to assess any significant
recovery. The fourth recording can be made at 1 mo to examine
whether the damage has largely returned to normal or not.

CONCLUSIONS

In conclusion, the present study revealed a general trend of
electrophysiologic changes in the brainstem of neonates after
asphyxia. Our findings, which have never been reported before,
not only provide new insights into the pathophysiologic pro-

cess of perinatal HI brain damage, but also may have important
implications for the improvement of management of asphyxi-
ated infants and for studying neuroprotective or therapeutic
interventions.
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