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TEST OF FETAL TOLERANCE TO INDUCED UTERINE
CONTRACTIONS FOR THE DIAGNOSIS OF CHRONIC DISTRESS'

S. V. Pose, J. B. Castillo, E. 0. Mora-Rojus, A. Soto-Yances,

and R. Caldeyro-Barcia?

The uterine contractions of normal labor pro
duce a reduction of bload flow in the uterinc
vessels and in the inwervillous space both in
women (2, 4, §) and in monkeys (21). Tt has
also been demonstrated in both species (I, 18,
19, 20) that they produce a fall in the pO,
values of fewal tissues (Figure 1) and in the
percentage of hemoglobin saturativn in the fetal
blood {22
the wurking hypothesis that dips 11° are pro-
duced by transient fetal hypoxia caused by
uterine contsractions {8, I1, 15). Dips IT will
be produced as a consequence of vagal stimula-
tion when fetal pO, falls below a critical level.
This fevel 1s of 18-20 mm |1g measured in the
capillary blood of the {e1al scalp {(£1) (Figure 2).

In normal pregnancies {(Figure 2A) the p(3,
it the fetal dssues is high, about 24 mm Hg
(1) between contractions, in the capillary hlood
of the fetal scalp.

These results are in accard with

Under these nonmal candi-
tions the falls produced by normal urerine con-
tractions of labor do not reach the critical level

T This study receivesd suppaet frurn grame PR/URU/
4101 of the Pan Amernicon Heulth Organizanon/World
Health Organizauen, and from grant HD 0022206 of
the National Institute of Child Health and Human De-
velopment, Bethesda, Md, USA.

? Presented by Dir, Puse,

4 Transient falls in fetal heart rate accurring mmeli-
ately alrer g uterine contraction 1o such a2 wav that the
bowem of the dip occurs 30 1o 60 seconds after the peak
ol the contraction (8, 9, 16). “ate de-
celeraton™ (13) i 2 synonym. Dips II are comsidered &
sigh of fewal dnress (8,9, 10, 11, 15, 16).

Hon's term
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required to stimulate the vages nerve and dips 11
are not produced. The “fetal reserve” ol oxygen
is high.

In cases of fetal hypoxemia the “base line”
of fewal pO, is lower than normal {Figure 1)
and closer to the critical level {B and C in
Figure 2).

p3,; similar in amplitude 10 that produced by

A transient reduction ol the fetal

the contractions of normal labor will drive n
below the critical level and a dip 11 will oceur.
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Records of feral muscular pO: {putaregraphic
methedy, FHR, and amniotic Auid pressure. NoMlipara,
labwer induced with intravenous infusion of exytocin at
7 mU/min. Three different levels aof fetal pO: can be
observed: (1) when mother breaches room air and
uterine taous 1 pormal; (23 during period of hypertonus
i amniotic fluid pressurc: and {3) when mother breathes
pure oxygen. Dips I! are cxiilent in Arst period, ampli-
tude increases during second period, and they are not

present in third one (1},
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Fretrie 2, Fhighly schematic representation of working hypothests concerming effects of vierine contractions on fetal

pQ: and FHIR {dips M}, Each contraction causes a transicnt fall in fetdl pOs, propurtional in amplitude to rise
namniotic Awd pressure civsed by contraction, Basal fetal pQy iy that recorded berween transient falls. A, normal
conditions, similar to those of thinl period in Figure 1. B and C, abnormally law pO: as in’ perivds 1 and 2 of
Figure 1. In cases of chronic fetal disiress, the condition of fetus could be similar tw those in B and C.

The “fetal reserve” of oxygen is lower than
nonmal.

The high perinatal mortlity observed when
the mother suffers from wxemia of pregnancy
or chronic arterial hypertension, and perhaps
also 1n cases of very severe diabetes mellitus,
can be explained at lease partially by a chronic
msufhciency of feto-maternal exchanges. In con-
sequence, 1 is logical to assume that the fetal
reserve of oxygen may be lower than normal.
{n these conditions, if ulerine contractions simi-
lar 10 those of normal Yabor are artificially in-
duced, they will cause Jips 11

Material and methods

Thirty-three experiments were performed in
twenty pregnant women between the thirtieth
and fortieth weeks of gestation. Nineleen of
these patients had associated pathology that can
produce chronic {ctal distress, such as arterial
hypertension, toxemia of pregnancy, and diabetes
mellitus {Table 1).

In all the cases the amniotic fluid pressure

and fetal heart rate (FHR) were recorded
simultancously. In twenty-eight of these records
the fetal heart rate was obtained by an external
method (Figure 3). based on the Doppler effect
with ultrasonic waves (13). The FHR was ob-
tained beat 1o beat with an integrator {model
Elemedix, Uruguay). In six vases in which the

TasLe 1. Maternal  patholugy  capable  of
chrunic feral distress in 20 subjects tested *

praducing

PATHOLDGY NUMEBER

Diabetes Class B

habetes Class I

Tabetes Class F

Chronic hypertensive disease

Chronic hypertensive disease with toxemia

[ L)

superimposcd
Acute taxemia
Tetralagy of fallot
Sickle-cell anemia
Systemic lupus ervthetnatosus
Rh tsoimmunizanen
Myastheniy gravis
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Frouse 3. Method employed to record FHR using vltra-
sonic waves { Lroppler offece).

interruption of pregnancy had already been
indicated, the FHR was obtained using the
R wave of the fetal ECG recorded with an elec-
trode placed in the fetus through the abdomiral
wall of the mather, as previously described by
Caldeyro-Barcia e al, (8, 9).
simultancous records of FHR using

In two of these
patirnts,
bath techniques were ohiained  (Figure 4).
These records were very useful for demonstrat-
ing the accuracy of the external methed.

After 2 continuous recording of one hour
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Frougr 4. Inabetie (Class D) mulupara, age 40, thirey.

sixth woek

hauls e

Inducuon of
vxytean infusion commenved at hour 1:53,
mU/oun. Artificial rupture of membranes at
outflow 3000 ml of aminiotic fluid, Cervical
-3. Ccsarcan section at hour
newbaan 2,560 g, crown-heel length
Sumultancous tecord of FHR using both ex-

ol pregnancy. Polyhydramnios.
l:lb(]r ‘V‘I[h
preseitly 4
hour 5:16;
dilatation

113605,

46 cm.
ternal metha! {upper row) and one electrode placed in
fotus fwecund row),

9
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(Figures 5 and 7), uterine contractions similar
te thase of normal labor were produced by the
administration of oxytocin in a continucus in-
travenous infusion (Figures 6, 8, 9, 11, 12, and
15} at rates ranging from 4 to 16 mU/min
depending on the uterine response. The induced
uterine contractility was maintmned for 30 or
more minutes. However, as soon as dips 11
appeared, the oxytocin infusion was immediately
discontinued {Figures 6, 8, 9, 11, and 12). FHR
and amniotic fluid recordings were continued in
all cases until uterine contractility recovered the
values ohscrved in the basal conditions. Prior
to the oxytocin administration special attention
was paid to the characteristics of the uterine
cervix 5o as @ avoid uterine stimulation if the
cervix was ripe and induction of labor was not
previously indicated.

In ten of our patients the rest was repeated
one or morc times (maximum of four records
in the samc patient) at a one-week interval
(Figures 4, 7, 8, 9, 11, 12, and 13). In all the
patients the indications for the 1ime and proce-
dure for dehivery were decided by the attending
physician according 1o clinical considerations,
regardless of the resolt of the tese.

After delivery the condition of the newborn
was cvaluated by the Apgar score at the fifth
minutc of life. The face that cesarean scetion
was the method of delivery used in touricen

1

APGAR 1 minute
SCORE 5 mingte
' minute
SPONTANEZOUS UTERINE CONTRACTILITY
beats fmin. | |
bt I

_ARTERIAL ¥RESSUKE

o b Il et Ay 1

hour 3 30

hour 3:10

LFiaure 5. Diabenc (Cluss 1)) primupara, age 36, thirty-
eighth week (265 duys) of pregnancy. Records oblained
before uilcrine yontractions were induced {see also Fig-
ure 8 aned 9.
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Ficure £, Continuation of record in Figare 5. Positise
test. Cesarean section performed at hour $:30. (See also
Figure %.)
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Ficusr 7. Juvemle diabwiic (Class F), age 253, thirty-

second woek (224 days) ol pregnancy, Record obtained
belore inducton of utenine contraclivns. [See also Fig-

ures Mo 10.)
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Fisure 9. Same case as o Figures 7 anil 8. Second

pasitive test obtained o thirty-third week (231 days)
of pregnancy.
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Froure 10, Urinary cxcretion of cstriol in same palient
as Figures 7 o &, Mameat of fetal death is illustrated.
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Fieere 11, Chronic arterial hypertension treated  with
bed rest amdl rescrpine. Thirty-fourth weck (236 days)
of pregnancy. Positive test. Cesarean section at 38 week.
(265 days). Two additional positive tests were oh-
tned ar 34 and 36 weeks, (See alse Figures 12 to 14))
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Ficurr 12, Same case as in Figure 11, Record obtained
At thirty-sevemb week (262 days). Fall in FHR 15 simu-
lar to these described by Hon (14, 15)
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Fioure 13. Same record as in Figures 11 and 12, Falls
in FIHR produced by compression of fetal neck. In
cesarean section  performed immediatcly after rccord,
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Fiouee 14, Estrial excretion in same patient as Fig-

ures Ll 13,
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Figurr 16, Urinary estriol excretion 10 same paticnt as
Figure 13,

of the twenty cases was an additional considera-
tion in selecting the fifth-minute score, in order
to overcome the possible effect of general anes-
thesia of the mother on the newborn.

[n seven patients {Table 2) a uteroplacental
angiography was performed according to the
technique established by Bieniarz (2, 3).* In
seven patients the urinary elimination of estriol
in 24 haurs was measured using the colorimetric
technique of Brown (5) (Table 2, Figures 10,
14, and lo).

Results

Interpretation of the rest

The test was considered neganve when uterine
contractions with a peak pressure of 35 mm Hg
or more did not cause dips 1T {Figure 15). Tt
was considered postre when dips 1T were
produced (Figures 4, 6. & 9, 11, and 12). In

TasLr 2. Correlation between sesubis of woleranee 1ec

ane conditen of newborn '

APGAR SCORE, SULEMINUTE

7-10

RFSULT OF TEST (-6 TOTAL
Positive {lips 11 present) ] 2 )
Negative (<hips 10 absent) {t 12 12
Teotal i 14 20

S 0T,

* The angugraphies were obtained by Dr. E. Curuchet
and interpreted by Dirs, ], Bienjarz and H. Julio.
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the positive cases, 38 per cent of the contrac
tions with a peak pressurec between 15 and
75 mm Hg produced dips 11
was made to study the possible correlation

One attempt

between the intensity of the contractions and
the production of Jdips 11. In the positive tests
the contractions of u peak pressure higher than
15 mm 11z were grouped in intervals of 10 mm
Hg (Figure 17). o a few cases, weak contrac-
tions of 19 o 29 mm Hg produced dips II;
amony all the cases analyzed, 12 per cent of
the canrractions of this intensity caused dips 1T,
The percentage rosc ta 39 per cent in the group
with contractions of 25-35 mm Hg and 1o
49 per cent in the group with 33 to 45 mm Hg.
There s no significant difference beiween this
last percentage and those of the groups with
contractions of higher peak pressures.

Table 2 illustrates
the results of the test and the condinon of the

the correlation berween
newborn., m  whom
the test had been negative, the newhorns were
In six of the

In all wwelve patients

vigorous {Apgar score 7-10),
eight patients who had one or more positive
tests, the newborns were depressed { Apgar score
6 or less). The corrclation between the con
dition of the newborn and the test was highly
significant (p<20.001),

The group of six depressed newborns includes
In two of these the
ferus died 1n siero between the thirty-sixth and

three cases of feral death.

thirty-sevenmth weeks of pregnancy, three and
seven days respectively after the last test was

100 ~ tMESN = 7801

T iy

n=m ne105
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Ficure 17, Percentage of utenne contractions producing
dips 11 in cases classified as posinive {see 1ext).

performed (Figures 7 wa 10 illustrate one of these
cascs).  Neither patient was in labor at the
moment of the fetal death, In the third patient,
the fetus died during induced labor at the thirty-
sixth week of gestation, three days after a posi-
tive test. This was a case of chronic arterial
hypertension with superimposed toxemia.

In two of the eight positive tests a vigorous
newborn was obtained. One of these patients
was a diabetic Class D (White's classilication)
for whom induction of labor was indicated hy
the attending physician. Dips 11 appeared dur-
ing labor four hours after the onset of the
induction; at this time the intensity of the
contractions was higher than narmal (hyper-
systolia} (Figure 4), Since no frec period of
time elapsed between the test and the onset af
labor, the result of the test was classihed as
positive,  The other case was one of chronic
hypertensive discase with superimposed toxemia.
Three pusitive tests were ebtained at the thirty-
third (Figure 11), thirty-fifth, and thirty-seventh
{Figure 12) weeks of pregnancy. In the last
af these the falls in FHR proved similar to
thase described by Hon (14, 15) for cases of
cord compression. In this patient, the compres-
sion of the fetal neck through the abdominal
wall praduced variations in FHR indicating a
posstbility that the cord was coiled around 1t
(Figure 13). Ar cesarean section performed
immediately after this record, two loops of the
cord were found to be tightly wound around
the fetal neck.

Utero placental anpgrogra p}r_v

In three of the seven cases studied with this
method (Table 3), nsufhicient uteroplacental
circulation (2, 3) coincided with a positive test
and a depressed newharn (the records in Fig-
ures 5 and 6 correspond to ane of these cases).
In two other patients, a naemal angiography
coincided with a negative test and a vigorous
newborn (Figure 15). There was no carrela-
tion in the results of the other two cases, which
showed normal angiographies but had positive
tulerance tests. Of these patients, one delivered
a vigorous newborn (the fetus with a loop of



Taste 3. Results ol uteroplacental angiography and/or urinany elimination of estriol in 10 patents

CasE MATERN AL RESITLC 11F UTEROPLACENTAL URINARY APGAR SCOLE,
NEMBLR PATHOLIGE TEMT ANGIOGRADHY FSTRIOL STILAUNUTE
1864 abetes 1D Pessitive Insufficient — 5
circulation
Tug] Acute toxenua Pusitive nsutficient — Intrapartum
circulanon fetal death
2031 AL hypertension Prnitive [nsutticient Below normal 5
+ toxemia circtelution
2027 Diabetes F Poutive Normah Normal Intruuterine death
1935 A. hypertension at 37 weeks
-+ toxemia Ponitine Nurmal Norrnal 1
19K0 Myasthenia gravis Neganve — Belrw normal U]
2036 A. hypertension Negative — Nurmal 7
2037 AL hypertension Negutive - Normal 4
2053 THabetes B Negative Normal — 4
2061 IHabetes 1> Negative Normal Norrl L

cord arcund the neek shown in Figures 11, 12,
and 13}): the other tews, of a diabetic patient,
Class F. died a1 weevo {(Figures 7, 8.9, and 10).

Uringry chinnnatton of ostriol in 24 howrs

This rechnigne is recendy being used in our
laboratory. Cur normal values are very similar
to those published by Brown (5),

We studied the urninary excretion of estriol n
seven patients {Table 3). In chree positive
tests, the estriol values were low in one patient
and normal in two. The low value corresponded
w a depressed newborn, One normal value
belonged 1o a padient with two positive tests
and feral death » wrero (Figures 7, 8, 9, and
10y, The other normal value was from the
case with a positive test, nuchal cord, und
vigorous newborn (Figures 11, 12, 13, and 14).

In four cases with negative tests and vigoreus
newbarns, cstriol values were normal in three
{Figures 15 and 16}. In the remaining casc the
estrio]l excretion fell progressively from 12 to
7 my in 24 hours in the four determinations
made between  rhirty-fourth and  thireysixth
weeks, at which time labar was incduced.

Passage of mecontum

The presence of nccomium was determined

at the time of the ammiotic punceure, during

102

labor or cesarean section, It was [ound m two
cases. In one of them. meconium appeared
three days after a positive test, during induced
labor and before fetal dumise. The other case
had a negative test and a vigorous newborn;

the mother suffered fromm sickle-cell anemia.

Discussion

The fact that uterine contractions like those
of a normal labor produce dips IT (positive test)
may be cxplained by a Jowering in the fetal
oxygen reserve (. 11, 18, 19, 20) probably due
0 a decrease in fero-maternal exchanges. In
these circumsrances it is logical to expect that
the fetus will not twlerate the aggression of
labur. To avoid intrapartum fetal distress, these
feruses shonld therefore be delivered by cesarean
SCCTIN.

With the results obtained f{rom chis seucy, it
may be concluded that a positive test indi-
cates a high probability of a depressed newborn,
even if a cesarean section is performed. Taking
this in connection with the fact that two fetuses
died three and seven days after a positive test,
it may be stated that most probably the fetus s
m a precarious condition. It canmot be estah-
lished for how long the [etus will be able 1o
endure this situation.

In cases in which the interruption of preg-
nancy before term is indicated because of asso-




ciated muaternal pathology, a doult arises us
to the most appropriate time for such an inter-
ruption.  Ideally, it should be deferred as long
as possible, W avoid the risks of prematonty.
A positive test of fetal tolerance w uterine
contractions is an additional argument in faver
of the interruption of pregnuncy. A negative
tost indicates a good chance of obtaining a vigor-
ous newborn. Spontaneous or induced labor may
be allowed., However, this docs oot mean that
fetal distress will not occwr during labor. I
the vuse shown in Figure 4 signs of feral dis-
tress (dips 11Y appeared cven when the ferus
had tolerated urerine contracrions of labor dur-

g four houts,

Uteroplacental angiography and the test of
tetal tolerance to ulerine contractions scem tu
camplement cack other. The advantages of the
test are that it s simpler 1o perform and that
it can bhe repeated several times in the samne
paticnt, thus making possible an carly discovery
of fetal distress during pregnancy.

The experience in our laburatary with the
values wl arinary exeretion of estniol iy insufh
ciert, The facr that m two cases there was no
agresment berween the estriol values and the
condition of the newborn, even though sug
gestive, docs not previde enough support
the viewpoint of those (77) who minimize the
unportance ol estriol excretion 1n the manage-
mient of chronic fetal distress,
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