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Somatosensory evoked electroencephalogram (EEG) responses (SER) were recorded 
in 19 fetal lambs with gestational ages varying from 66 to 140 days. The ewes were 
anesthetized with chloralose and the fetuses were exteriorized with intact umbilical 
circulation. Periods of hypoxia at different p H  levels were induced by ventilating the 
ewe with gas mixtures including 8-15yG oxygen, either alone or combined with a 
10yo COr mixture, or with an intravenous infusion of bicarbonate to the fetus. 

The reaction of the SER during hypoxia followed two main patterns, one seen in 
the immature fetus and one in the more mature fetus. I n  the immature type of response 
(seen in all fetuses a t  or less than 110 days of gestational age) the primary response of 
the SER is more sensitive to oxygen lack than the secondary components, whereas 
in the mature type of response (seen at or more than 115 days of gestational age) the 
reverse is true. 

At moderate degrees of hypoxia, Pao, between 15 and 20 mm Hg, the SER were 
moderately affected provided that the p H  of the blood was within normal limits. At 
lower Pao, values, and when moderate hypoxia was combined with acidosis, the SER 
were seriously affected or completely abolished. At Pao, values above 20 mm Hg an 
acidosis had no effect on the SER. 

The function of the fetal brain is seriously jeopardized by the combination of hypoxia 
and acidosis. Therefore, both hypoxia and acidosis should be counteracted during 
asphyxia to prevent brain damage. 

Znt l-oduct ion changes correlated closely with the degree of brain 
damage and the severity of the metabolic deficit. 

In certain conditions one of the few methods available The same authors demonstratecl the superiority of 
for studies of brain function is that of evoked EEG EK recordings over recordings of spontaneous EEG 

(ER). PrOlnising have alreacl~ for the evaluation of the functional state of the brain in 
been lxesented. For example, Brierley et al.  and associ- sollle situations wllicll involve brain damage. 
ates [3, 91 found in rhesus monkeys with experimental Using dogs, Lee et al. [8] elicited a consistent ant1 
profo~~nd arterial hypotension that somatosensory E l i  gradual increase in latency and aml~litude of ceitain 
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com po nen ts of visual ER by a decrea se of ser um
sod ium, chlor ide, and osmolality levels.

T he influence of hypoxia and anoxia on ER has
been studie d in di fferent animal species (cat, mo nkey).
In all experiments the pri mary compo nent of the ER
ex hibi ted th e grea test res istance to anoxia, whereas th e
later componen ts were more vulnerable [1, 2, 11J.

It must be emphasized tha t all the animals studie d in
th e above inves tigation s were adult . Our experiences
wi th human neonat es during hypoxia (idiopathic respi 
ra tor y distress synd rome) and after asphyxia yield ed the
opposi te result: th e pr imary componen ts of visual as
well as of somatosensory ER were less re sistan t to hy
poxia tha n th e secondary compo nents [5].

Evoked responses deve lop pre- and postnatally in all
species in a characteristic manner. The development of
somatosensory ER in fetal lambs was described by
Molliver [10]. As in other species, there is increasing
complex ity and decreasing lat ency of th e response wit h
increasing maturity.

T he presen t study was undertaken to use the ER
technique in the fet al Iamb in order to test whether
th is aspec t of brain function would be affected at a
cer tain reproducible degree of hypoxia, and wh ether
other env ironmental influences, such as acidosis, wou ld
modify the cerebral response to hypoxia.

pH levels were achieved by adding extra CO 2 to th e gas
mixtu re or by giving an intraveno us ) nf usion of bi
carbonate to the fetus.

A more detailed description of th e prepara tio n and
the procedures is given in the accompanyi ng paper [7].

Evoked EE G responses were recorded from the sur
face of the in tact scalp . Cup electrodes were fixed over
th e part correspon ding to the suprasylvian gyr us. T he
indifferen t electrode was fixed at the po sterior part of
the head. At th e beginning of the experimen tal series
i t was confirmed th at the responses recorded from the
scalp were similar to those re corded directl y fro m the
exposed cortex. T he procedure of registrati on from the
intact head precluded the da mage to the brain tha t
might otherwise occur in the course of th e experiments,
wit h a dura tion of several hours. T he EEG was mo n
itored on a Grass po lygraph rnodel7B [13], with an in k
recorder. The data were also stored on a Philips I'M
tape recorder [14]. For averaging, a PDP 12 digi ta l
computer [IS] was used . Electric stimulation was car
ried out with a battery-operated stimulator, with lead
stimulation electrodes, placed 5 mm apart on the
muzzle close to th e nostril s. The stim ulus was a rec
tangular pulse of l-ms duration and of about 10 V.

R esults

250 ms

Fig. 1. T he deve lopment of somatosensory evoked elec tro ceph 
alogra m respon ses in fet a l lambs from 66 to 140 days of gesta
tional age. P rimary resp onses (PR) and secon dar y componen ts
(SC ) are marked . SA: stimulation a rt ifact.

The matur ity of the fet al lamb determin es the shape,
the complexity, and the latency period of the SER .
Figure I shows a few represen tative examples of the de
velopment of the SER at increasing degrees of ma
turity. It should be noted that the complete respon se

M ethods

T he experiments were conducted on 15 ewes of mixed
breed with 19 fetuses r anging from 66 to 140 days of
est imated gestational age. Complete experiments with
bo th blood gas determinations .and recordings of so
matosensory evoked responses were obtai ned on IS
fetuses, be tween 94 and 140 days of gesta tional age.
T he gesta tiona l age was estimated from fetal weight
and crow n-rump length using standard curves [6].

T he ewes were anesthetized with pentothal (5 mg/kg
body wt) followed by chloralose (30 mg / kg body wt).
The ewes were tr acheotomized and ventilated with
known gas mixtures, using an open circ uit respir ator.
Maternal bl ood pressure was recorded through a
catheter in the medial plantar artery of one foreleg.
The same cathe ter was used for ar ter ial blood sampling.
The fetus was delivered onto a heated sma ll table with
in tact umbil ical circulation. Fetal ar teria l blood pres
sure and heart ra te were recorded from a catheter in
the right brach ial artery. The same catheter was used
for blood sam pling.

Periods of hypo xi a were induced by ventilating the
ewe with gas mi x tures with 8- 15% oxygen. Di fferent

F ETAL AGE
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covers a long time period, so that a recording time of 
250-500 ms is often necessary to register the complete 
set of slow, secondary components. As is apparent from 
Figure 1 increasing maturity leads to a shorter latency 
period and an increased complexity, with a higher fre- 
quency pattern of the response. 

The  different components of the SER were separated 
according to several criteria, one of the most important 
being the localization. The  primary, specific response 
was in every experiment most distinctly recorded in the 
corresponding ipsilateral projection area, and in sev- 
eral instances present in the ipsilateral area exclusively. 
The  secondary, nonspecific components were recorded 
from both hemispheres. 

Hypoxia affected the SER profoundly when the oxy- 
gen tension of the fetal arterial blood was reduced be- 
low 20 mm Hg. The  first reaction of the SER was a 
decrease in amplitude. In  the most severe hypoxia, the 
whole SER was abolished. When the hypoxia was dis- 
continued the SER returned gradually during the fol- 
lowing 30-60 min, except for those fetuses in which 

circulatory collapse occurred during the hypoxic pe- 
riod. 

Hypoxia also affected the spontaneous EEG pattern 
recorded. However, this will be left out of the analysis 
since in several cases, particularly in the more imma- 
ture fetuses, distinct SER continued to be recorded 
even though no spontaneous electrical activity, or only 
an amorphously irregular activity, was observed. 
Furthermore, it was repeatedly observed that, in cases 
with a distinct spontaneous electrical activity, this was 
preserved long after the SER demonstrated marked 
alterations. 

The  reaction of the SER during hypoxia followed 
two main patterns, one seen in the immature fetus and 
one in the more mature fetus. 

An example of the response of the immature fetus is 
shown in Figure 2, left panel. The primary part ol the 
SER proves to be more sensitive to lack of oxygen and 
decreases in amplitude and vanishes earlier than the 
secondary components. When, after the complete re- 
sponse is abolished, the hypoxia is discontinued, the 

IMMATURE FETUS I MATURE FETUS 

AFTER , HYPOXIA 

I4.g. 2. The reactions of somatosersory evoked electroencephalogram responses (SER) to hypoxia. The left pone1 shows from an immature 
fetal lamb with an estimated gestational age of 106 days. Note that the primary response (PR) is more sensitive to hypoxia than the secondary 
components (SC). The rightpanel shows the reactions to two periods of hypoxia of the SER from a mature fetal lamb with an estimated gesta- 
tional age of 125 days. Note that in this example the primary response is more resistant to hypoxia than the secondary complex. Calibration 
is as in Figure 1. In the responses from the mature fetus a stimulation artifact (SA)  is present. 
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Fig. 4. The effect of varying arterial pH at different levels of
hypoxia on somatosensory evoked electroencephalogram responses
(SER). 0: SER not affected; (): SER distinctly affected (ampli
tude decreased to more than 50% of control); .: SER completely
extinguished.
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Discussion

The development of SER in the fetal lamb during
maturation has been described in detail by Molliver
[10]. Our results demonstrate a close resemblance to his
(Fig. 1), although the present results were obtained via
scalp electrodes, fixed to the skin, and not by the direct
cortical recording technique. Our results contain more
information about the late components than Molli
ver's, since we used the longer recording period of 250
ms.

Our results corroborate earlier views of the advan
tage of using ER over spontaneous EEG [3, 9] in studies
of this type. This is particularly true in the immature
fetuses where spontaneous electric activity from the
brain is sparse or absent.

The marked vulnerability of the primary component
of the SER in comparison with secondary components
in the immature fetus (Figs. 2 and 3) has not been de
scribed previously, but corresponds to the pattern seen
in the preterm and full term human baby [5]. At 110
115 days of gestational age, corresponding to some 75%
of the total fetal period, the response turns into the
mature type (Figs. 2 and 3) described previously in
adult animals of different species [1, 2, II]. This find
ing is in agreement with the view of the newborn Iamb
as a neurologically mature creature.

The evolution of changes in the SER at increasing
degrees of hypoxia follows a reproducible pattern. At
normal or increased pH levels, the SER is unaffected

00 0e
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components of the SER return in the reverse order:
first the secondary components (at 5 min) and later the
primary response (at 18 min).

In the mature lamb fetuses the reverse type of re
sponse was observed. Figure 2, right panel, gives an
example of a fetus of 125 days of gestational age. Here
the primary response is more resistant to hypoxia and
is affected first when the secondary components have
already been extinguished. When the hypoxia is re
lieved the primary response reappears earlier than the
secondary components.

In 14 experiments, the hypoxia was severe enough to
extinguish the complete SER. In these experiments the
sensitivity of the different components of the response
was compared. Figure 3 gives a schematic comparison
between the sensitivity of the primary and the sec

ondary components to hypoxia for different degrees of
maturity. Note that all instances at or under 110 days
of gestational age demonstrate the immature type of
response, whereas fetuses over 115 days show the ma
ture response.

To grade the influence of hypoxia on the SER, all
responses were classified in terms of the decrease, from
the control state of the amplitude of the most sensitive
component.

At moderate degrees of hypoxia, at Paoz 15-20 mm
Hg, the SER were moderately affected provided the pH
of the blood was within normal limits. At lower P02

values, or when moderate hypoxia was combined with
acidosis, the SER were seriously affected or completely
abolished. Figure 4 is a graphic representation of the
relation between Po2 , pH and the SER. At Paoz values
above 20 mm Hg, acidosis had no effect on the SER.

Fig. 3. A graphic demonstration of the relation between fetal
age and the sensitivity to hypoxia of primary versus secondary
complex of somatosensory evoked electroencephalogram responses.
At a low gestational age the primary (PRIM.) response is more
sensitive than the secondary (SEC.) response.
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down to a POz in the arterial blood of 20 mm Hg, i.e.
the lower limit of normality (Table I, Reference 7).
Below this limit the SER are distinctly altered with a
reduction of the amplitude to below 50% of the con
trol value. When the Pao.) is reduced below a level of
about 12-15 mm Hg the SER are completely abolished.
If acidosis is added to the hypoxia the SER are affected
at higher POz values and are already extinguished at

as high as 18 mm Hg (Fig. 4). At normal oxygen
tensions, on the other hand, a change of pH between 7.4
and 7.06 does not provoke any changes of the SER.

If the influence of hypoxia on the SER depends on
the amount of oxygen delivered to the brain, rather
than on the partial pressure of oxygen in the tissue,
the combined effect of hypoxia and acidosis might be
due to the shift of the hemoglobin dissociation curve
with pH, the Bohr effect. The mature fetus in Figure 2
demonstrates the magnitude of the Bohr effect in one
specific case. During the first period of hypoxia pH was
only moderately reduced and the POz of 12 mm Hg
corresponded to a saturation of 31%. In the second
hypoxic period an acidosis was added and exactly the
same oxygen saturation was achieved, but now at a
POz of 14 mm Hg. Thus, the Bohr effect contributes to
a moderate extent only in explaining the detrimental
effect on the SER of the combination of hypoxia and
acidosis. Instead, it appears reasonable to combine this
item of information with the knowledge gained from
studies on the metabolic rate of the brain in lamb
fetuses [7]. Here, it was demonstrated that the oxygen
consumption of the brain was reduced significantly
more when hypoxia was combined with an acidosis
than when hypoxia occurred at normal pH levels.
Thus, the combination of acidosis and hypoxia might
be deleterious to the electric activity of the brain by
interfering with the energy metabolism. This view is
supported by the findings in rats that the energy state
of the tissue, "the energy charge potential," is reduced
at significantly higher oxygen tensions when ischemic
hypoxia is combined with a respiratory acidosis than
when the ischemia is induced at normal pH levels [4].

The present findings are also of interest in the light
of the report of Windle et at. [12] that the newborn
monkey develops less morphologic signs of brain dam
age when experimental asphyxia is combined with alka
lizing treatment than when acidosis is allowed to de
velop in connection with the hypoxia.

Thus, various experimental series using different ani
mal species and different techniques to evaluate the im
pact of asphyxia on the brain appear unanimous on

one point; the combination of hypoxia and acidosis is
more dangerous for the brain than hypoxia alone.

Summary

In an attempt to analyze factors responsible for the
brain damage during intrauterine asphyxia, SER were
studied in the fetal lamb to test whether this aspect of
cerebral function would be affected at a certain repro
ducible degree of hypoxia and whether other environ
mental influences, such as acidosis, would modify the
cerebral response to hypoxia.

Nineteen fetal lambs, ranging from 66 to 140 days of
gestational age, were studied in the acute, exteriorized
preparation. Hypoxia was induced by ventilating the
ewe with appropriate gas mixtures. Acidosis or alka
losis were produced by a CO 2-rich gas mixture to the
ewe or by an infusion of alkali into the fetus.

The SER of immature lamb fetuses (less than 110
days of gestational age) responded to hypoxia in the
same manner as the SER from human neonates; the
primary response of the SER complex was more sensi
tive to lack of oxygen than were the secondary com
ponents. More mature lamb fetuses (over 115 days
of gestational age) demonstrated the opposite response
pattern, with the primary response more resistant to
hypoxia than the secondary components, as is the case
for adult animals of various species.

When Paoz was diminished at normal or high pH
levels, the SER were affected below 20 mm Hg but
were abolished first at severe degrees of hypoxia. When
an acidosis was superimposed, however, the SER were
abolished at even moderate degrees of hypoxia.
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