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Instrumentation of 

Fetal Electrocardiography 

During the past tkro decades maternal 
mortality has been progressively reduced. 
With the same standard of pediatric care, 
the reduction in stillbirths and neonatal 
mortality has been only a small fraction 
of the gain made in maternal mortality. 
I n  addition to the 160,000 infant deaths 
associated with the birth process each 
year, there are a large number of infants 
afflicted \rith cerebral palsy and mental 
retardation. I t  is possible that these 
problems find a common basis in fetal 
anoxia. 

If significant gains are to be macle in 
this area, a reliable means of accurxtely 
determining reversible "fetal distress" 
must be found. T h e  present "nor~nal" 
parameters of the fetal heart rate during 
labor have been charted from per~odic 
auscultatory sampling and are therefore 
open to some question. If "fetal distress" 
is to be defined in terms of fetal cardiac 
rate and rhythm, the limits of "normal" 
must be defined accurately. 

Because only minute amount? of fetal 
energy are available for study on the 
anterior abdominal ual l  of the mother, 
the basic problem is one of instrumenta- 
tion. T h e  types of fetal energy which 
can be detected with present instru~nen- 
tation are as follows: ( i )  electric: en-
ergy--electrocardiogram and electroen-
cephalogram-and ( i i )  mechanical-
phonocardiogram and infrasonic (less 
than 15 cy/sec). 

Since Cremer's ( 1) success in record- 
ing. the fetal electrocardiogram in 1906, 
there have been a number of reports 
of fetal electrocardiographic studies. By 
and large, the instrumentation has been 
limited to somi: type of preampljfying 
apparatus used with a standard electro- 
cardiographic machine or an  electroen- 
cephalograph. In  many instances fetal 
QRS complexcs were identified, but 
there are few records that sho'iv cansist- 
ently recognizable P and T waves. 

This preliminary report ( 2 )  outlines 
all instrumental approach to fetal dis-
tress using fetal electrocardiography for 
determination of the normal fetal heart 
rate th ro~~ghou t  the course of labor and 
the notation of any changes of rate and 
rhythm which may be related to uterine 
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contractions or abnormal obstetrical con- 
ditions. 

In  order to record accurately the fetal 
heart rate throughout labor, some means 
of removing the maternal electrocardio- 
gram must be employed, since both 
electrocardiograms are present as vectors 
in a volume conductor. I n  principle, this 
is done by in-phase canceling of the 
maternal complex in a differential am- 
plifier (Fig. I ) .  One input channel is 
connected to electrodes from the lower 
abdomen of the pregnant patient, where 
both maternal and fetal electrocardio-
grams are present. T h e  other input chan- 
nel is connected to t ~ v o  electrodes on the 
upper abdomen, \\.here the maternal 
electrocardiogram alone is present. This 
maternal complex should be of the same 
configuration and amplitude as the lower 
one, for it is used for cancellation. Dis- 
crimination against outside electric inter- 
ference is achieved by using differential 
amplifiers ahead of the canceling am-
plifier. 

'The tracings shown in Fig. 2 demon-
strate experimental results that can be 
duplicated in the majority of patients 
throughout the course of labor. Holrevrr, 
the necessity for matching and balancing 
one complex against another is a disad- 
vantage, and current exploration of a 
system for rectification, integration, dif- 
ferentiation, and gating appears to offer 
a s i m ~ l e r  solution. 

In  order to provide the most accurate 
definition of the normal fetal heart rate 
during labor, it is desirable to record it 
continuously and relate it graphically to 
the amplitude of the uterine contractions. 
Experimentally, this is a laborious task. 
In  a 10- to 15-hour labor there are about 
100,000 to 150,000 pulse intervals to be 
mcasured and plotted against about 150 
uterine contractions. Currently it takes 
about 150 hours of technician's time to 
process one complete labor. If any rea- 
sonable number of labors are to be stud- 
ied, some type of ?emiautomatic data- 
reduction system must be used. 

Fetal cnly 
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Maternal-fetal 
complex for checkinp1 -

Fig. 1. Apparatus for cancellation of the maternal electrocardiogram. The Tektronix 
model 122 preamplifiers were connected as shown; the two-channel, direct-writing elec- 
trocardiograph is manufactured by the Elema Instrument Co., Stocltholm, Sweden. 

Fig. 2. Cancellation of maternal electrocardiogram: two records obtained with the two- 
channel electrocardiograph. The upper channels of both tracings show matcrnal and fetal 
electrocardiograms. The lower channels show only the fetal electrocardiogram, with can- 
cellation of the maternal electrocardioqram. The lower channel of the bottxn tracing 
shows differentiation for elcctronic counting. 



A system is being developed to reduce 
the data. The raw data will be recovered 
from magnetic tapes, and a very compact 
record will be provided by a two-chan- 
nel, direct-writing oscillograph if the 
fetal heart rate falls within predeter-
mined "normal" limits. If these are ex- 
ceeded, the time base of the writing sys- 
tem will be automatically increased, and 
a more detailed record will be secured. 
At the same time, the information will 
also be digitized and plotted by an x - y 
recorder. 

I t  is hooed that the use of modern in- 
strumentation methods may aid in the 
elucidation of clinical fetal distress. 

EDWARDH. HON* 
0.W. H ~ s s  

Department of Obstetrics and 
Gynecology, Yale  University School of 
Medicine, N e w  Haven, Connecticut 

References and Notes 

1. 	 M. Cremer, Miinch. mad. Wochschr. 53, 811 
(1906). 

2. 	 This study is being supported by research grants 
from the Medical Fluid Research Fund of Yale 
University, the Association for the Aid of Crip- 
pled Children, and the National Heart Insti-
tute, Nat:onal Institutes of Health, U.S. Public 
Health Service (grant No. H-2272). We are in- 
debted to C. L. Buxton, professor and chair- 
man of the department of obstetrics and 
gynecology, to W. Watson, chairman of the 
department of physics, and to Andrew Patter- 
son, Jr., department of physical chemistry, for 
many helpful suggestions and guidance in this 
study. We wish to thank the Burdick Corp. of 
Milton, Wis., for providing us with the two-
channel Elema electrocardiograph and Tek-
tronix, Inc., Bronxville, N.Y. for their coopera- 

* 	 tion with the instrumental aspects of this study. 
Markle scholar in medical science. 

12 December 1956 

Intraocular Arterial 
Homotransplants for Studying 
Atherosclerotic Lesion Regression 

The purpose of this report ( I )  is to 
introduce the use of intraocular arterial 
homotransplantation for studying spon- 
taneous or experimentally induced re-
gression of specific atherosclerotic lesions 
in healthy animals. The operative pro- 
cedures used were modifications of those 
employed by several investigators (2) .  A 
portion of an artery is excised aseptically 
and atraumatically from an anesthetized 
donor animal, rinsed with warm (37OC) 
mammalian Ringer's solution, and 
opened longitudinally with sharp scis- 
sors. Square pieces of approximately 
equal size are cut from selected normal 
or uniformly atherosclerosed areas. One 
piece is retained as a control for histo- 
logic study and for comparison with 
transplants removed later in the course 
of the experiments. The others are placed 
in warm Ringer's solution until they are 
transplanted into the host animals. 

Each of the anesthetized host animals 

is taped securely to an animal board to 
minimize reflex head movements during 
the operation. Three drops of 0.5-percent 
tetracaine hydrochloride solution are ap- 
plied topically to the eye into which a 
transplant will be made. The sclera is 
grasped firmly with fixation forceps, and 
a 3- to 4-mm incision is made through 
the cornea, near the corneoscleral junc- 
tion, with a cataract knife. While one 
edge of the cut cornea is gently lifted 
with sharp-pointed forceps, a corner of 
one of the transplants is grasped with 
slender mouse-toothed forceps and gently 
inserted through the incision into the an- 
terior eye chamber. A slender blunt in- 
strument (strabismus hook) is used to 
slide the transplant across the anterior 
eye chamber to the opposite side and 
wedge it there between the cornea and 
iris with the intimal surface facing out- 
ward. Finally, a small amount of peni- 
cillin ointment is applied to the operated 
eye. Depending on the experimental 
plan, transplants of either normal or 
atherosclerotic arteries may be made into 
one or both eyes of each host. 

Several groups of animals may be pre- 
pared. For some experiments, healthy 
young litter-mate animals of the same sex 
should comprise an experimental group 
and serve as hosts for arterial transplants 
taken from a litter-mate of the same sex. 
For other experiments, animals of the 
same or opposite sex from another litter 
of the same species and strain could be 
used. In  either case, the donor may or 
may not have been subjected to athero- 
genic procedures. 

At selected times (for example, every 
3 months), a host animal of each group 
can be sacrificed, and histologic sections 
of the normal and atherosclerotic trans- 
plants can be prepared by the same 
methods as those used for the control 
pieces. The sections of control and trans- 
planted pieces from each group can then 
be studied to determine the nature and 
degree of any structural or chemical 

Fig. 1. Homotransplant of atherosclerotic 
aorta in the anterior eye chamber of a 
young female rabbit, 4 weeks postopera- 
tively. Note the extensive invasion of the 
thickened intima by blood vessels from the 
iris. 

Fig. 2. Homotransplant of normal aorta 
in the anterior eye chamber of a young 
female rabbit, 4 weeks postoperatively. No 
blood vessels invading the intima can be 
observed. 

changes, or both, which may have oc-
curred in the transplants, either spon- 
taneously or as the result of experimental 
procedures on the host. I t  may also be 
possible to determine the order in which 
each of several changes occurs. Compari- 
son of the results obtained using dogs, 
rats, or other resistant species with those 
obtained from rabbits and other suscep- 
tible species may reveal some of the 
reasons for species differences in suscep- 
tibility to experimental atherosclerosis. 

In experiments with rabbits, recovery 
of the host animals from the operation is 
prompt and is not complicated by infec- 
tion. The  adventitia of all the normal 
and atherosclerotic transplants becomes 
attached to the anterior surface of the 
host's iris by fibroconnective tissue in 
less than 8 days. Within 30 days, the ad- 
ventitia of all the transplants is invaded 
by several clearly visible blood vessels 
from the iris. In  addition, the thickened 
intima of all atherosclerotic transplants 
becomes extensively vascularized (Fig. 
I ) ,  but that of the normal transplants 
does not (Fig. 2 ) .  

The transplants of normal aorta have 
been in place for 6 months, and those of 
atherosclerotic aorta for 6% months. It  
has not ,been determined how much 
longer than this they will persist, but 
apparently there will be sufficient time 
to permit long-term studies of the effects 
of drugs, diets, and other experimental 
regimens on the structure and blood sup- 
ply of the transplants. These test animals 
should be more responsive to drugs and 
diets that may cause regression of athero- 
mata than animals which have been sub- 
jected to rigorous atherogenic proce-
dures. Should certain procedures be 
found to accelerate regression of the 
transplanted lesions, their application to 
the treatment of human atherosclerosis is 
indicated. 

A. C .  HIGGINBOTHAM 
Department of Anatomy, Medical 
College of South Carolina, Charleston 
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