Pediatr. Res. 15: 1429-1432 (1981)

asphyxia newborn
brain visual evoked potential (VEP)
fetus

Birth Asphyxia. I. Measurement of Visual Evoked
Potential (VEP) in the Healthy Fetus and

Newborn Lamb

(12)

JAMES R. WOODS, JR., VALERIE COPPES, DANIEL E. BROOKS, PEGGY J. KNOWLES,
MARLA FREEMAN, VALERIE PARISI, PETER OMARA, AND GARLAND E. McCARTY

From Department of Obstetrics and Gynecology [J. R. W., V. P.], Clinical Investigation Service [V. C., D. E. B.], and
Neurology Service [G. E. M.], Department of Medicine, Letterman Army Medical Center, Presidio of San Francisco,
California, and the Department of Biorrheology [P. J. K., M. F., P. O.], Letterman Army Institute of Research,
Presidio of San Francisco, California, USA

Summary

The visual evoked potential (VEP) of five healthy, near-term
exteriorized fetal lambs was compared with the VEP obtained
from the same animals during the first hour after ventilation.
Characteristics of the individual wave components and their rela-
tionship to blood pressure, heart rate, and arterial blood gas
measurements concomitantly obtained were examined. Results
show that the VEP of the healthy fetus is a stable, reproducible
signal consisting of four basic components, and that the latencies
(msec) and the amplitude (V) of the individual components of the
VEP are similar to those of the newborn. In two related experi-
ments, fetal asphyxia of unknown duration was encountered during
fetal exteriorization and instrumentation. In the first case, neo-
natal acidosis persisted despite aggressive resuscitation efforts
and was accompanied by an atypical VEP. In the second case, the
neonatal VEP obtained after 15 min of resuscitation was markedly
depressed despite restoration of acid-base balance but gradually
recovered during the remainder of the 1-hr newborn period. In
conclusion, the VEP is a reproducible measure of cortical function
in the healthy fetus and neonate and may reflect the acute status
of cerebral function during fetal asphyxia and neonatal resuscita-
tion.

Speculation

The initial success of neonatal resuscitation after birth asphyxia
is predicated upon the response of blood pressure, heart rate and
blood gas measurements, yet these measurements indicate only
indirectly whether brain damage has occurred during asphyxia, or
whether brain recovery is eminent. The visual evoked potential
may provide a reproducible measure of the effectiveness of current
resuscitation practices.

Birth asphyxia and its sequelae represent one of the most
uncertain areas of perinatal research. The immediate success of
neonatal resuscitation is predicted by the arterial blood gas, blood
pressure (BP) and heart rate (HR) response; however, these mea-
sures indicate only indirectly whether brain damage has occurred
during asphyxia or if brain recovery is eminent.

Recent advances in fetal electroencephalography (7, 8) have
broadened our understanding of neural function during labor and
delivery. The normal fetal encephalogram (EEG) consists predom-
inantly of ¢ (2.5 to 5 Hz) and § (0.5 to 2.5 Hz) waves. It is
influenced by maternal medications and does not significantly
differ from the neonatal EEG. Fetal EEGs, in which prolonged
voltage suppression and sharp waves persist, are associated with
low Apgar scores, neonatal depression, and long-term neurologic
abnormalities (7, 8).

Successful measurement of the fetal EEG suggests that more
subtle electrophysiologic measurements of brain function may
provide additional information during the perinatal period. The
EEG measures spontaneous electrical activity over a wide area of
the cortex; as such, it tends to reflect random neurologic events
(9), and provides little information regarding the ability of the
brain to perform a designated task. The brain electrical activity
elicited by sensory stimuli may provide this type of information.

The visual evoked potential (VEP)is a 1 to 20 x4V cortical signal
elicited by a flash of light and recorded by EEG scalp electrodes
placed over the occipital regions (visual centers) of the brain. The
VEP is extracted from the larger (20 to 100 pV) EEG signals by
computer methods in which the cortical signals triggered by the
stimulus (flash of light) are averaged. Each time a light is flashed,
the resuiting cortical electrical response is added to responses
triggered by previous stimuli. Ultimately, the more random signals
of the EEG cancel each other while the VEP is augmented.

Recent laboratory studies (1, 4, 6) indicate that changes in the
VEP may be used to assess cerebral activity during states of altered
cardiovascular or respiratory function. Laboratory application of
this noninvasive measure to the study of fetal and newborn brain
function under normal and stressed conditions has not been
explored. In the clinical setting, it is currently impossible to obtain
fetal VEPs. In the laboratory, however, access to the exteriorized
fetal lamb permits this type of assessment to be made.

The purposes of the present study are: (1) to describe the
components and the reproducibility of the VEP in the healthy
fetal lamb; (2) to determine the variability of the VEP among
fetuses of comparable gestation; and (3) to relate these measure-
ments to cardiovascular and arterial blood gas changes occurring
at birth and in the early neonatal period.

MATERIALS AND METHODS

GENERAL HANDLING OF THE ANIMALS

Eight pregnant ewes of mixed breed at 135 to 145 days’ gestation
(term 145 to 150 days) were separately delivered to our animal
care facility 1 wk before the study. Animals were provided water
ad libitum, were fed a standard diet, and moved freely within a
confined area.

INSTRUMENTATION

On the day of surgery a ewe was brought to the surgery suite.
The maternal carotid artery was catheterized for arterial blood gas
measurements after infiltrating the surgical site with 1% lidocaine
hydrochloride (Xylocaine). A catheter was then placed in the
subarachnoid space and 0.25% bupivacaine hydrochloride (Mar-
caine) was administered to the ewe. Part of the uterus was exteri-
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orized through a midline laparotomy incision and marsupialized
to the edges of the abdominal wound. The fetus was delivered
through an incision in the uterus and the uterine edges were
secured to the loose fetal skinfolds around the umbilicus to protect
the umbilical circulation. A saline-filled glove was initially placed
over the fetal head to inhibit respiration. All subsequent fetal
surgery was done after local administration of 1% lidocaine hy-
drochloride (Xylocaine). Polyvinyl catheters were placed in the
jugular vein for fluid volume and drug administration and through
the femoral artery into the aortic arch for systemic arterial pressure
and arterial blood gas measurements. The fetal trachea was iso-
lated under sharp dissection and a sealed tracheostomy was placed
for later neonatal ventilation.

The saline-filled glove was then removed and the fetal head
dried for electrode placement. The left fetal eye was held open
with an infant ophthalmic lid retractor, and saline was intermit-
tently applied to the eye to maintain adequate moistening of the
tissues.

The VEPs were recorded between bipolar Grass platinum sub-
dermal needle electrodes (Grass Instrument Company, Quincy,
MA) placed 1 c¢m lateral to the midline over the right and left
occipital regions of the fetal skull and referenced to linked elec-
trodes in the midportion of each ear. Electrode impedance was
3000-5000 ohms. The ground electrode was placed in the left front
leg. VEPs were obtained by stimulating the left eye once per sec
with a plain diffuse light of 10 msec duration (Grass PS2 Photo-
stimulator, intensity 16; Grass Instrument Company) placed 28
cm above the fetal head at the top of a black styrofoam cylinder.
The black cylinder was designed to exclude all external light.

The VEP signals, amplified 15,000 times (Grass Model 7P511
amplifiers; Grass Instrument Company) and filtered through a
band pass of 0.3 to 1000 Hz (! amplitude), were monitored on a
Grass Model 7 polygraph (Grass Instrument Company) with 60
Hz notch filters and stored on an Ampex Model 500 FM tape
recorder (Ampex Corporation, Redwood City, CA). Averaging
was not performed when the signal was contaminated with move-
ment artifact. The amplified and filtered signals recorded in the
first 500 msec were sampled at a rate of 1 kHz and averaged with
a signal averaging unit (Nicolet MED-80, Nicolet Instrument
Corporation, Madison, WI). The average of 50 responses was then
plotted on graph paper by an X-Y plotter (Hewlett Packard 7035-
B, Hewlett-Packard, Palo Alto, CA). Latencies (in msec) were
obtained by using the cursor on the oscilloscope display and a
digital read-out from the computer. The amplitudes were obtained
by placing the two cursors at the maximum positive and negative
deflections and recording the uV differences between those two
components.

During control and testing periods, systemic BP was continu-
ously recorded on a Beckman 4-channel dynograph (Beckman
Instruments, Inc., Fullerton, CA). The HR and mean arterial
pressure were derived from the pulsatile systemic artery blood
pressure recordings. Arterial (femoral artery) blood gas analyses
for pH, Pco,, Po;, and base excess were obtained from 1-ml
heparinized blood samples placed on ice and performed on an
IL813 analyzer (Instrument Laboratory, Inc., Lexington, MA).

PROCEDURE

After fetal instrumentation, a stabilization period of 15 min was
allowed, after which fetal measurements were made. At the begin-
ning of the neonatal period (time 0) the tracheostomy was opened,
the umbilical cord was ligated, and the neonatal lungs were
manually expanded with an Ambu bag during the first min to
assure maximum alveolar patency. The lungs were then ventilated
with 40% O, by a volume-cycle, pressure-limited respirator at 40
rpm, and 3 mm Hg positive end expiratory pressure.

VEP, cardiovascular, and arterial blood gas measurements were
obtained from the fetus 10 min before neonatal conversion (—10
min) and at 1, 2, 15, and 60 min into the neonatal period. At 60
min of age the animal was terminated by intravenous injection of
T61 Euthanasia solution.
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RESULTS

In the healthy, term, fetal lamb, the VEP is a relatively simple
electrical signal composed of four basic peaks. In a typical fetal
VEDP, the early components N1 (first negative deflection), P1 (first
positive deflection), and N2 are followed by a major positive
deflection (P2) (Fig. 1). Latency represents the time in msec from
the light stimulus to the midportion of a specific peak. Latency to
P2 is indicated. Amplitude was measured as the difference in uV
from the maximum positive to the maximum negative deflection.
Wave forms appearing later than P2 were not considered in the
calculation of amplitude.

The stability of the fetal VEP was noted in one experiment in
which, after fetal exteriorization, serial measurements of arterial
blood gas, VEP, and cardiovascular values were obtained every
20 min for 1 hr. The fetal HR and BP fluctuated between 140 to
170 bpm and 63 to 70 mm Hg, respectively; the arterial blood
gases were 28 to 34 mm Hg (Po2) and 40 to 48 mm Hg (Pco.),
and the pH was 7.33 to 7.35. The fetal VEPs taken during this
period are shown in Figure 2.

VEP, cardiovascular and arterial blood gas measurements were
obtained from five animals in the fetal state, and, after ventilation
and cord clamping, during the 1-hr neonatal period. Representa-
tive changes in these measurements obtained from one animal as
the fetus was converted to a neonate are shown in Figure 3. The
VEPs of the five animals during the fetal and neonatal period are
summarized in Figure 4. Although the general wave pattern
described in Figure 1 was recognized in all cases, the early
components N1, P1, and N2 showed considerable variation in
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Fig. 1. Typical fetal VEP showing individual components of the wave
form and nomenclature used in the study.
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Fig. 2. Stability of the fetal VEP.
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appearance; P2 was the most readily identified component of VEP
during the fetal and neonatal study periods, but its appearance
also varied considerably among animals.

TIME VEP HR BP pH pOz pCO2 BE
N

-10 MIN, 160 62 725 I8 44 -4

(Fetus)

O-1 100 55 720 15 44 -7

(Newborn)

-2 /v 11O 60 718 22 41 -0

15 M 50 63 742 150 28 -4

60 ‘/\J 240 55 731 329 38 -7
_'lOuV

100 MSEC

Fig. 3. Typical chances in VEP, cardiovascular and arterial blood gas
measurements in the healthy fetus and newborn. HR (bpm): BP (mm Hg):
Po, and Pco, (mm Hg); base excess (BE) (mEq/liter).
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The latencies of the individual components and the amplitude
measurements of the VEP obtained from the five animals were
grouped in Table 1. During each period of study, latency to the
first negative deflection (N1) showed the most uniformity. The
latencies of the later wave components, Pl and N2, became
progressively more variable, and the latency to P2 consistently
showed the widest range of values. The latencies of the individual
wave components, however, did not significantly change during
the transition from fetus to newborn, and the variations within
the latencies remained relatively constant.

Table | also shows the cardiovascular and arterial blood gas
values which accompanied VEP recordings. During the first few
minutes of neonatal ventilation, HR and Po, decreased but had
little effect upon the VEPs (Fig. 4). With continued ventilation,
the HR and Po. values quickly recovered.

In two related experiments, fetal asphyxia of unknown duration
was encountered during fetal exteriorization and instrumentation.
In both instances, immediate neonatal resuscitation consisted of
ventilation with 100% O, at 50 rpm, volume expansion with cord
blood and correction of acidosis with sodium bicarbonate. In the
first case (Fig. 5), neonatal acidosis persisted despite aggressive
resuscitative efforts. The VEP of this acidotic newborn remained
atypical during the l-hr observation period despite an apparent
recovery in the Po.. In the second case (Fig. 6), scalp EEG
electrodes were placed during resuscitation and VEPs were re-
corded 15 min into the newborn period. The VEPs obtained at 15
min were markedly depressed, although at that point resuscitation
had restored arterial blood gas, BP, and HR measurements to
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Fig. 4. Comparison of VEPs in 5 animals during the fetal and neonatal period.

Table 1. Components of the fetal and neonatal VEP with corresponding cardiovascular and arterial blood gas measurements'

Latency (in msec)

Cardiovascu- Arterial blood gas values

lar values
Amplitude Base
NI Pl N2 P2 (in uV) HR BP Po. Pco. pH excess
Fetus (—10 min) Mean 73 92 125 245 14 179 58 19 46 7.34 |
+S.E. 3 4 5 11 3 15 2 1 4 0.03 1
Newborn (0-1 min) Mean 71 99 128 234 11 106 51 13 51 7.29 0
+S.E 4 5 7 17 2 7 4 2 4 0.02 2
(1-2 min) Mean 68 93 131 240 11 116 52 28 44 7.31 -2
+S.E. 4 7 1t 16 7 4 8 4 0.04 2
15 min Mean 84 111 138 244 12 152 59 112 32 7.44 -1
+S.E. 8 10 12 14 3 7 4 18 3 0.04 2
60 min Mean 76 85 121 265 13 198 52 71 38 7.34 —4
+S.E. 4 5 7 22 3 17 6 16 1 0.03 2

' Values represent mean * 1 S.E. from five animals. HR (bpm); BP (mm Hg); Po» and Pco. (mm Hg), base excess (mEq/liter).



1432

TIME VEP HR BP pH p0O2 pCO2 BE
INTRAUTERINE
ASPHYXIA
PDURATION |
-5 MIN. \,\///"’ 90 37 700 5 63 I3
(FETUS)
-1 e N S 80 40
(NEWBORN)
-2 N 100 53
4 W 230 55 687 26 76  -I9
8 \/\/\/ 210 62 688 40 83  -I9
30 /\/\A//\/ 230 58 707 199 58  -I5
60 24059 713 88 54 -I2
10uv EXP 3B
100MS

Fig. 5. Example of the effect of fetal asphyxia and neonatal resuscita-
tion upon VEP, cardiovascular and arterial blood gas measurements. HR
(bpm); BP (mm Hg); Po, and Pco, (mm Hg): base excess (BE) (mEq/
liter).

TIME VEP HR BP pH pO: pCO: BE
(—fl%l(\]/:l)N. '”LD‘;U“::;L:E 60 20 673 15 78 -25
ooy T 260 40 746 181 30 -1
20 ~~____ 240 35 743 193 30 -3
25 ST 210 37 738 271 25 -8
30 “/\\/\/“ 230 44

40 m 240 50 740 228 27 -6
50 J\’\/ 230 45 738 76 27 -7
60 w 230 45 751 105 31 3

10w

I00MSEC

Fig. 6. Example of the effect of fetal asphyxia and neonatal resuscita-
tion upon VEP, cardiovascular and arterial blood gas measurements. HR
(bpm); BP (mm Hg); Po: and Pco. (mm Hg); base excess (BE) (mEq/
liter).

their normal range. During the remainder of the 1-hr newborn
period, and while BP, HR, and blood gas measurements remained
stable, the VEP gradually recovered.

COMMENT

It is not surprising that the visual systems of the healthy fetus
and newborn respond to a light stimulus in a similar manner.
Comparable EEG recordings in the fetus and newborn have
previously been noted (8). Because the fetal and newborn VEP
are similar in pattern and latency it is suggested that the basic
physiologic needs for neural transmission within the visual system
are being met in both.

Copyright © 1981 International Pediatric Research Foundation, Inc.
0031-3998/81/1511-1429$02.00/0

WOODS ET AL.

The similarities in VEP of the fetal and newborn lamb also
imply that maturational events previously observed in the neonatal
and infant VEP (2, 3, 5) are fetal in origin and continue after birth
in association with progressive myelinization of the optic tract.
Rose et al. (5) report that VEP obtained in the kitten at 2 to 3
days of age consists of a simple monophasic negative wave. Similar
patterns are found at 8 to 10 days in the rat and rabbit, 1 to 3 days
in the dog, and at birth in the monkey and premature infant (5).
The VEP of the kitten rapidly matures into the more complex
wave pattern of the adult in 26 days. The human VEP becomes
stable by 9 to 13 wk but only reaches the adult pattern by 18 to 24
months (2).

Recent studies suggest that, like the EEG, the VEP is affected
by factors that alter nerve conductivity. Shelburne er al. (6)
produced alveolar hypoxia in rhesus monkeys and showed that a
Po; of 18 mm Hg or lower significantly suppressed the VEP.
Nagao er al. (4) perfused anesthetized baboons with 6% molecular
weight Dextran in order to reduce the hematocrit and thereby
impair oxygen transport to the brain; VEP response was lost when
the hematocrit fell below 10%. Kayama (1) demonstrated that, in
adult cats, 8 min of alveolar hypoxia eliminated the VEP response
to a standard light stimulus, and reappearance of a normal VEP
10 to 20 min after hypoxia constituted successful resuscitation.

The effect of oxygen deprivation upon VEP of the newborn
appears similar to that of the adult (1, 4, 6). That return of cortical
function occurs after recovery of HR, BP, and blood gas values
and may be further delayed by persistent acidosis emphasizes the
limitations of clinical monitoring during neonatal resuscitation for
birth asphyxia. Since these studies were only carried out to the
end of the first neonatal hr, our preliminary data shed no light on
the relationship of the VEP to survival or quality of survival. Nor
do these observations indicate how well the fetal or neonatal VEP
reflect biochemical or electrophysiologic events occurring within
the remainder of the brain. Nonetheless, with continued investi-
gation, the VEP may provide a reproducible measure of the
effectiveness of current resuscitation practices.
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