
Abnormal brainstem 
auditory evoked potentials in 
infants with threatened 
sudden infant death 
syndrome 

James P. Orlowski, M.D. 

Division of Anesthesiology 
Department of Pediatrics and Adolescent 
Medicine 
Pediatric and Surgical Intensive Care 

Richard H. Nodar, Ph.D. 

Department of Otolaryngology and 
Communicative Disorders 

Derrick Lonsdale, M.D. 

Department of Pediatrics and Adolescent 
Medicine 

Sudden infant death syndrome (SIDS) is respon-
sible for approximately 10,000 infant deaths per 
year in the United States and is the largest single 
cause of postneonatal infant mortality.1 Several 
theories of causation have been suggested, one of 
the most popular of which is that SIDS victims 
have deficient central control of breathing that 
predisposes them to life-threatening apneas while 
asleep.2 The advent of brainstem evoked potential 
recordings (visual, auditory, and somatosensory) 
provided a tool for evaluating the integrity of the 
brainstem in infants with threatened SIDS. Of the 
three approaches to brainstem evaluation (visual, 
auditory, and somatosensory), brainstem auditory 
evoked potential (BAEP) tests are the simplest to 
perform and most reproducible in infants. This 
report details our BAEP studies of infants with 
threatened SIDS. 

Methods 

The ten infants studied were referred to the 
Cleveland Clinic because of severe, life-threatening 
apneas. Each infant had had several prolonged 
episodes of apnea accompanied by cyanosis, which 
occurred during sleep. Vigorous stimulation or 
mouth-to-mouth resuscitation was required to re-
vive the infant. Each of the infants was admitted to 
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the Pediatric Intensive Care Unit; and 
the heart rate, electrocardiogram, and 
apneic episodes were monitored contin-
uously. 

BAEP recordings were performed, an-
alyzed, and plotted using a clinical com-
puter of average transients (Nicolet CA 
1000). The stimuli were 100-microsec-
ond clicks presented at a rate of 11.1/ 
sec. Stimulus presentation was at high 
signal levels of 90 dB HL. Analysis time 
was 10 msec, sensitivity was set at ± 
0.625 /xV, and 2000 responses were av-
eraged. Low-pass and high-pass filters 
restricted the analysis to the 150- to 
3000-Hz frequency range. All stimuli 
were presented via monaural, electri-
cally shielded earphones (Telex). Three 
gold-plated, cup electrodes (Grass) were 
attached to the vertex (Cz) and each 
mastoid (Ai, A2). The vertex served as 
the active electrode and was referred to 
the mastoid electrode of the ear tested. 
The contralateral electrode served as 
ground. Electrode resistance was always 
less than 5 k Q,. A minimum of two runs 
per ear was averaged, measured, and 
plotted on an X -Y recorder. The BAEP 
test was performed when the patient 
was asleep or sedated with chloral hy-
drate (50 mg/kg orally). 

Based on published results and our 
clinical experience with more than 500 
BAEP tests, we have compiled seven 
criteria for evaluating BAEP. 

1. Peak latency. In normal popula-
tions, the peak latency for the seven 
Jewett peaks is predictable within cer-
tain tolerances (usually ± 0.2 msec). 
Starr and Achor's3 latency measures 
have proved to be reliable for certain 
presentation levels. Therefore, one cri-
terion for assessment of BAEP is the 
latency of the peaks, particularly Peak 
V , for a given sensation level (SL). In 
this approach, peak latencies for a given 
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SL (usually 65 dB) for the ear under test 
are compared to a normal population. 
Latencies 0.2 msec longer than the nor-
mal are suggestive of dysfunction along 
the pathway of the stimulated ear. 

2. Intra-ear peak latency. A measure 
of central conduction time is determined 
by evaluating peak-to-peak latencies for 
the stimulated ear as suggested by Starr 
and Achor3 and elaborated upon by 
Stockard and Rossiter.4 Central conduc-
tion time is measured by examination of 
the time between Jewett Peaks I to III, 
I to V, and III to V for the same ear. 
One advantage of this measure is that it 
is not dependent on stimulus level, al-
lowing testing to proceed without ob-
taining threshold measures. Also, cen-
tral conduction time measurement can 
be made independent of the other ear. 

3. Inter-ear peak latency. This ap-
proach compares the latency differences 
for Jewett Peak V between ears. To 
make this comparison, stimulus presen-
tations must be made at the same SL. 
Latency differences greater than 0.2 
msec are suggestive of dysfunction along 
the auditory pathway with the longer 
latency. 

4. Response stability. In normal pop-
ulations and in many individuals with 
abnormal auditory systems, the BAEP 
test result is a highly stable and well-
defined measure. Two successive runs 
usually produce results that may be su-
perimposed on one another with few 
observable differences. Recently, No-
dar5 reported on results of BAEP tests 
that in certain patients were erratic, 
unstable, and poorly defined. The Jew-
ett peak where response stability was 
lost suggested the level of dysfunction. 

5. Amplitude. To date, little evidence 
exists that clearly defines the role of 
response amplitude in BAEP testing. As 
a rule of thumb, a response is considered 
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"suspicious" when the amplitude of a 
given peak is reduced by 50% when 
compared to the same peak obtained in 
the contralateral ear at the same SL. 

6. Wave shape. The shape of BAEP 
test results is easily recognized by the 
seven peaks, essentially increasing in 
amplitude from Peak I through V, with 
Peak V , or the I V / V complex being the 
largest (Fig. 1). Peaks VI and VII have 
the amplitude of the early waves. Ab-
normal wave shapes include a "flatten-
ing" of the peaks, broad-based peaks, 
and additional peaks. 

7. Peak presence. The seven Jewett 
peaks are thought to represent seven 
areas along the auditory pathway4 (Fig. 
/). A broad interpretation of the gen-
erators of the seven peaks is as follows: 
Peak I = eighth nerve, Peaks II and III 
= cerebellar-pons, Peaks IV and V = 
midbrain. The diagnostic value of waves 
VI and VII has not been established. 
The level where peaks are absent is 
thought to represent the level of dys-
function, i.e., if only Peak I is present, 
the site of lesion would be the cerebellar-
pons on the stimulated side. A more 
specific characterization of the seven 
distinct peaks is as follows: Peak I is 

I II III IV V VI VII 

considered to be generated by the eighth 
nerve, Peak II by the cochlear nucleus, 
Peak III by the superior olivary com-
plex, Peak IV by the nucleus of the 
lateral lemniscus, Peak V by the inferior 
colliculus, Peak VI by the medial genic-
ulates, and Peak VII by the cortical 
radiations. An example of BAEP results 
on a normal child is shown in Figure 1. 

Six normal infants hospitalized for 
minor surgical operations were tested 
with BAEP preoperatively and served 
as normal controls. Four infants were 
studied to evaluate the effects of hypox-
emia on brainstem function as measured 
by BAEP recordings; two with apneas 
and cyanosis secondary to upper airway 
obstruction (one with laryngotracheo-
malacia and one with severe croup), and 
two infants with cyanotic congenital 
heart disease. 

Results 

Routine laboratory studies, electro-
encephalogram (EEG), C T of the head, 
and Intensive Care Unit (ICU) moni-
toring of the patients were normal in 
the ten threatened SIDS patients. The 
two patients with upper airway obstruc-
tion in whom apneas and cyanosis had 
been witnessed in the ICU had normal 
routine laboratory studies, normal EEG, 
and CT. The six control infants had 
normal routine laboratory studies. Each 
infant with threatened SIDS had BAEP 
recordings that were abnormal in five or 
more response criteria (Table). These ab-
normalities were not found in the con-
trol infants, in the two infants with doc-
umented hypoxic episodes secondary to 
upper airway obstruction, or in the two 
infants with cyanotic congenital heart 
disease, all of whom had normal BAEP 
recordings. Test results for two of the 
infants included in this study are shown 
in Figure 2. 

I 1 
5msec 

Fig. 1. BAEP results on a normal child. Wave 
shape, amplitude, and peak latencies are similar 
in both ears. Response stability is excellent, i.e., 
the two traces for each ear overlap one another 
almost perfectly. 
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Table . Abnormalities in BAEP results in ten infants with threatened SIDS 
Case no. age (mo)/sex 

BAEP criteria 
1 

4 / M 
2 

3 /F 
3 

8 / F 
4 

4 / F 
5 6 7 

3 / M 2 / M 3 / F 
8 

6 / F 
9 

2 / M 
10 

3 / F 

Peak latency + + + + + 0 0 0 0 + 
Intra-ear peak latency + 0 + + + 0 + + + + 
Inter-ear peak latency + 0 + + + + + + + + 
Response stability 0 + + 0 0 + 0 0 + + 
Amplitude 0 + + + + + + + + + 
Wave shape + + + + + + + + + + 
Peak presence + + + + + + + + 0 + 

4- — abnormal; 0 = normal. 

® III IV V 

5 msec 
Fig. 2. BAEP test results for two infants reported 
in this study. The test results in A reflect abnor-
malities in wave shape, particularly for the left 
ear, the absence of peak presence for the left ear, 
and a breakdown in response stability of all waves 
preceding Peak V for the left ear. Responses 
shown in B reflect abnormalities in wave shape, 
central conduction time, and unusual high ampli-
tudes. 

Discussion 

Defective central nervous system con-
trol of ventilation, possibly due to brain-
stem immaturity, has been implicated 
in the pathogenesis of SIDS.1, 2 Evidence 

of chronic alveolar hypoventilation and 
hypoxemia prior to death has been ac-
cumulated in SIDS victims.6 Many 
SIDS victims have pulmonary arterial 
muscle hyperplasia and hypertrophy, 
which is presumptive evidence of 
chronic underventilation of the lungs 
and episodes of sleep apnea prior to the 
final fatal episode. Naeye' also charac-
terized an abnormal proliferation of as-
troglial fibers in the brainstems of SIDS 
victims, an abnormality seen in infants 
with known chronic hypoxemia prior to 
death. Recently other investigators have 
reported reticular dendritic spines in the 
brainstems of SIDS victims.8 The neu-
rons that exhibit these reticular dendri-
tic spines are believed to be responsible 
for regulating respiratory rhythms, and 
these spiny protuberances are thought 
to indicate immaturity or maturational 
lag of the brainstem. 

Clinical investigations in threatened 
SIDS infants have characterized a num-
ber of brainstem controlled abnormali-
ties including prolonged sleep apnea,9,10 

frequent short apneas,11 hypoventilation 
and depressed ventilatory response to 
CO2 breathing, '1 2 and excessive pe-
riodic breathing. Unfortunately, it has 
not been possible to determine which if 
any of these abnormalities is specific for 
SIDS victims as opposed to being the 
result of previous episodes of hypoxia. 

Brainstem evoked responses provide 
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a rapid and reproducible method of 
evaluating brainstem integrity. Of the 
evoked potential responses available 
(brainstem visual, brainstem somatosen-
sory, and brainstem auditory), the 
BAEP are the least invasive, simplest to 
perform, and easiest to interpret.14"17 

The BAEP results obtained from ten 
infants with threatened SIDS showed a 
consistent abnormality that is not seen 
in normal infants or in infants with 
hypoxia of other origins. Because the 
BAEP results were normal in certain 
infants with hypoxia, we believe that 
the abnormal BAEP results reported 
here, suggest an abnormality in brain-
stem function or maturation that may 
be characteristic of threatened SIDS. 
The beneficial effect of thiamine in two 
of these infants is reported.18 

Summary 
Ten infants with life-threatening ap-

neas and clinical criteria characteristic 
of the infant at risk for SIDS were found 
to have abnormal BAEP tests. These 
abnormalities were in contradistinction 
to normal BAEP results in two infants 
with apneas secondary to mechanical 
airway obstruction, in two infants with 
cyanotic congenital heart disease, and 
in six normal control infants. BAEP 
should prove useful in prospectively 
studying infants with life-threatening 
apnea, evaluating therapeutic modali-
ties, and possibly as a screening tool to 
identify infants at risk. The abnormal 
BAEP implicates the respiratory center 
and brainstem as the area of dysfunction 
in SIDS. 

References 
1. Naeye RL: The sudden infant death syn-

drome; a review of recent advances. Arch 
Pathol Lab Med 101: 165-167, 1977. 

2. Shannon DC, Kelly DH, O'Connell K: Ab-
normal regulation of ventilation in infants at 
risk for sudden-infant-death syndrome. N 
Engl J Med 297: 747-750, 1977. 

3. Starr A, Achor J: Auditory brain stem re-
sponses in neurological disease. Arch Neurol 
32: 761-768, 1975. 

4. Stockard JJ, Rossiter VS: Clinical and path-
ological correlates of brain stem auditory re-
sponse abnormalities. Neurology 27: 316-325, 
1977. 

5. Nodar RH: Brainstem Auditory Evoked Po-
tentials on Individuals with Multiple Scle-
rosis. Proceedings of First International Sym-
posium on Evoked Potentials. M.T.P. Press 
Ltd, Nottingham (in press) 1979. 

6. Naeye RL: Pulmonary arterial abnormalities 
and the sudden-infant-death syndrome. N 
Engl J Med 289: 1167-1170, 1973. 

7. Naeye RL: Brain-stem and adrenal abnor-
malities in the sudden infant death syndrome. 
Am J Clin Pathol 66: 526-530, 1976. 

8. Check W: Medical news. Brainstem abnor-
mality may characterize SIDS victims. J A M A 
240: 2138, 1978. 

9. Steinschneider A: Prolonged apnea and the 
sudden infant death syndrome; clinical and 
laboratory observations. Pediatrics 50: 646-
654, 1972. 

10. Guilleminault C, Ariagno R, Souquet M, et 
al: Abnormal polygraphic findings in near-
miss sudden infant death. Lancet 1: 1326— 
1327, 1976. 

11. Steinschneider A: Prolonged sleep apnea and 
respiratory instability; a discriminative study. 
Pediatrics 59: 962-970, 1977. 

12. Shannon DC, Kelly DH: Impaired regulation 
of alveolar ventilation and the sudden infant 
death syndrome. Science 197: 367-368, 1977. 

13. Kelly DH, Shannon DC: Periodic breathing 
in infants with near-miss sudden infant death 
syndrome. Pediatrics 63: 355-360, 1979. 

14. Davis H: Principles of electric response audi-
ometry. Ann Otol Rhinol Laryngol 85 (Suppl 
28) (Pt 3): 1-96, 1976. 

15. Rapin I, Graziani LJ: Auditory-evoked re-
sponses in normal, brain-damaged, and deaf 
infants. Neurology 17: 881-894, 1967. 

16. Hecox K, Galambos R: Brain stem auditory 
evoked responses in human infants and 
adults. Arch Otolaryngol 99: 30-33, 1974. 

17. Barnet AB, Ohlrich ES, Weiss IP, et al: Au-
ditory evoked potentials during sleep in nor-
mal children from ten days to three years of 
age. Electroencephalogr Clin Neurophysiol 
39: 29-41, 1975. 

18. Lonsdale D. Nodar RH, Orlowski JP: The 
effects of thiamine on abnormal brainstem 
auditory evoked potentials. Cleve Clin Q 46: 
83-88, 1979. 

require permission.
 on July 13, 2025. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/



