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CHANGES IN FETAL HEART RATE ASSOCIATED WITH ACUTE

INTRAPARTUM FETAL DISTRESS'

C. Mendez-Baver, ). Monleon, G. Guevora-Rubio, C. Cosacuberta, R. Bustos,
G. Giussi, L. Escarcena, R. Yabo, and R. Caldeyro-Barcia?

In present-day cbseetrics, it is very important
to diagnose acute intrapartum fetal distress as
soon as possible, befuce irreversthle damage s
produced o the ferus, Early dwagnaosis, if fol-
lowsd by immediate treatment, may prevent
feral lesiwons that would otherwise handicap the
individual fur the rest of his life.

There are various criteria for assessing the
validity of any methad of diagnosing acute
intrapartum fetal distress. Usually it 1s accom-
panted by changes in fetal blood composition
{35, 36, 45) and followed by the delivery of a
depressed newborn (excluding pharmacological
depression). Thus, either of these may be used
to diagnose fetal distress (£2, 35, 36).

The wwo phenomena are intimately related.
The depression of the newhborn (together with
some permanent neurological sequelae) is mainly
due to damage o fetal cells, particularly those
of the nerveus system. There are two main
causes of feta] vell damage. The abnormal com-
position of fetal blood during acute intraparnom
feral oistress (I, 7, 16, 32, 34, 35, 36, 43, 45,
in cansequence of impaired exchanges between
the miother and the fetus (7}, produces fetal
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acidasis, hypoxia, hypercapuia, and similar con-
ditions (7, 34, 46, 48, 49}. Further, the circula-
tion of fetal blood may nat assure an adequare
supply of metabolites w ol fetal organs and
tissnes (8, 17, 18, 19, 20, 21, 22, 38). The two
causes mavy funcuan simultancously.

It follows thar the diagnosis of feral distress
can be reliably based on a study of the com-
position ol fetal blood or on the determination
of the Apgar score of the newborn (2}, A very
guud correlation between the two eriteria has
been found (16,52, 33).

From a practical standpoint, hoth criteria have
drawbacks. The Ffetal blood compesition cannot
be analyzed when the obstetrical conditions
make fetal sampling impossible; moreover, the
information obtained from this procedure is dis-
continuaus and a well-equipped laboratory s
neeessary. On the other hand, to diagnose feal
distress rewrospectively, based on a low Apgar
score, has no clinical application.

Our aim is to develop a method for the
analysis of the fetal heart rate (FHR} that can
be used for an carly, reliable, and practical
diagnosis of acute intrapartum fetal distress.
Monitoring ot the FHR can provide a very
useful ool {or this purpose (5, 6, 8, 10, 27, 28)
if t can be proved that changes in the fenl
bloud composition are related to certain varia-
tinns in FHR and that these, in turn, are related
tn the delivery of a depressed newbarn.




Abnormal FHR patterns

Changes in FHR, detectable by clinical meth-
ods (8), have teen found in cases of feral
distress. Possihly as a result of chronically
impaired  feto-maternal exchanges, transiently
aggravated by uterine contracuons, the compo-
sition of the fetal blood is altered. In these
abnormal conditions, several adaptive reactions
may occur {8, 13) thac apparently tend to mini-
mize the possible hannful consequences of these
homeostatic disturhances and to prolong fetal
survival. The cardisvasenlar response of the
fetus is one al the most important and best-
known of these adaptive reactions and includes
changes in FEHIR. which can be used for the
chnical dingnosis of fetal distress (9, 10, 11, 16).

The FHR records obrained from  distressed
fetuses show a great variety of patterns (6, 9,
16 11527, 28, 29, 35, 37, 38, 39, 41, 42, 43).
These patterns cumbine two main components:
{1} sustained and prolonged tachycardia of the
baseline €22, 39), and {2) dips II (sec below).
In combination, these camponents nay give rise

tea great varicty of syndromes.

Rise of basal FHR over 155 beats!min
(rachycardia)

The FIIR tracings show at least tour diflerent
kinds of vartations, which have been designated
as "small rapid oscillations” (38, 40, SI),
“spikes” (25), “tranmsient ascents” (46), and
“dips” {14, 24, 3%). The baseline upon which
these variations arc superimposcd is the basal
FHR (30, 31, 39) {(Fig. 1).

The basal FHR, or baseline of the wacings
(30}, is measured during the intervals between
dips, ransicnt ascents, and spikes, and is defined
as the average value between the peaks and
valleys of the small rapid oscillations usually
present in FHIR records (Figure 1), Puring
normal labor, the basal FHR averages 143 beats/
min {(S.E. 2 beats/min) (37). A rise to above
155 beats/min {1achycardia) is considered a
sign of fetal distress (5. 8, 31, 35, 36) (Figures
1 and 2}.

The tachycardia may appear alone—that is,
not be interrupted by dips II or other changes
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IicUre !, Parameters analyzed in tracings of FHR and
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in FHR (Figure 2B). It may be intermittently
masked when dips I do occur (Figure 2C).
The interruptions in the baseline arc more
prolonged when several consecutive dips I
bty frmiry
180 -
150 -

T I DIF

baaky / rrin

TrRE 1 DR

FETAL HCAAT RATE

o
e I 113

mm Hg

" 6 — T
B 40— i
z HaiMa,
: i PRESSURE
2 - -_— 4
5

— - — + b—y Mrnutes

Figure 2. Highly schemanc representation of basic FHR
patterns found in fetal distress. Severity of distress in-
aedses from left to right. At bottom, vierine contrac-
toens {(intraamniotic pressure} assumed to be immediate
cause of distress, In A, contractility is normal; in B,
merlerare uterine tachysysiolia; in C. marked ueerine hy-
persyswolia; in D, uterine tachysystolia and hypertanus,
FHR s normal in A, averaging 140 beats/min; no
dips 1. Bascline rises abnosmally in B, C, and 13. In
C aml D each contraction causes oac dip 11, totally in-
dependent in G and partially overlapped in D. Hroken
lines in IY indicate masked purtion {descendling and as-
cending limbs) of individual dips 1 Tachyiardia of
bateline, alvo masked by overlapping dips I, is indicated
similarly (73},
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overlap (Figure 2C); in thesc conditions, the
tachycardia may be masked most of the time
and vury difficult to recognize.

Dups 11

A dip I is a transient fall in FHR produced
by a uterine contraction and occurring some
ume alter it (10, 14, 23, 35, 36). The mean
lag-time between the peak of the contraction
and the bottum of the dip II is 41 seconds
{(8.D.=11 scconds} (Figure 1). A dip 1 1s
also a transient fall in FHR caused by a uterine
contractien, but it occurs at practically the same
time as the contraction, The mean lag-time
between the peak of the contraction and the
bottom of the dip 1 is 3.5 seconds (Figure 1).
This difference in lag-time is a reliable criterion
tor distinguishing dips II from dips 1. An ex-
tended discussion and statistical analysis of this
paint have already been published (6).

Dips T and dips IT are produced by different
mechanisms (75, 38), appear under different
conditions (2, 24}, and have different diagnostic
and prognostic signihcance (5. 8, 37). Dips 11
are a sign ol fetal distress, whereas dips |
apparently have no such ominous connotation
(10).

Dips 11 are easily recognized in simulancous
tracings of FHR and uterine contractions and
can also be detecred by adequate clinical auscul-
ration (8). Their appearance usually coincides
with a rise in basal FHR above 155 beats/min
(Figure 2C). Dipc H may be recorded as
individual units, totally independent of each
other and clearly recognizable, or they may
overlap partially, losing their individuality and
merging to produce a more pralanged and
marked fall of FHR (Figure 2D).

In addicion, dips T and [[ may be praduced
by the same uterine contraction. This pattern
can easily be recognized from FHR tracings,
but its recognition by clinical auscultation alone
may be rather difficulr.

To confirm the hypothesis that tachycardia
and/or dips II are associated with fetal distress,
in the following sections the presence of both
signs will be studied in relation to the occur-

rence of changes n fetal blood composition and
to possible depression of the newborn.

Relationship between variations in FHR and
changes in fetal blood composition

Basal FHR and composition of feral blood

The results of simultaneous studies of fetal
blood composition according 1o Saling's tech-
nique (49} and FHR have already been pub-
lished {7, 35, 36). It can be concluded that
the basal FHR increases o over 155 beats/min
when fetal pH falls below 7.20 (Figure 3),
whereas no clear relationship has been found
between changes in basal FHR and pCO,, basc
deficit, or oxygenation of 1he fetal blood.

Dips Il and composinon of fetal blood

Dips I are usually associated with tetal hy-
poxia, acidosis and hypercapnia (Figures 4, 9,
and 6). They are not assaciated with an in-
creased base deficie of fetal blood (36).

Relationship between wvariations in FHR and
Apgar score

Complete studies on the relationship between
the condition of the newborn, as evaluated by

‘ pH of FETAL CAPILLARY BLOOD
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Fioure 3. Average basal FHR in 10-minute period pre-
ceding sampling from feral scalp was measured for 138
samples divided into two groups (pH values over and
below 7.20}, and group means were calculated. Differ-
ence is highly significant (p <7 0.001).
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Ficure 4. Mean percentage of oxygen saturation of Hb
in fctal blood samples is significantly lower when dips 1I
were present in FHR tracing than when they were absent

73

the Apgar score at the first minute of life, and
changes in FHR have rceently been published
(8,36).

Basal FHR and Apgar score

The group of vigorous newborns {Apgar
score 7-10% had an average basal FHR of 143
beats/min, in comparison with an average of
166 beats/min for the “depressed™ group {(Apgar
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Fieure 5. Mean pH of fetal blood samples is signifi-
antly lower when Jips 11 were presene in FHR tracings
than when they were absent (7).
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Freure . Mcan pCO: in fetal blood samples is signif-
cantly higher when dips I were present in FHR tracing
than when they were absent (7).

score 1-6). The difference is highly significant.
The rise in the bascline above a tentative limit
of 155 beats/min is considered a sign of fetal
distress. The higher and the more prolonged
the rise of the baseline, the worse the prognosis
tae the infant.

Dips I and Apgar score

Pussible correlations were sought between
the Apgar scorc of the newborns at the frst
minute of life and various quantitative charac-
teristics of the dips 1T that had occurred in
each case.

Mean amplitude of dips 1. No significant
differences have been found in the mean ampli-
tude of dips II berween labors delivering de-
pressed newhorns and those delivering vigorous
ones. In hoth groups it was about 20 amplitude
units {beats/min).

Yotal number of dips . In the group of
depressed newborns the average number of dips
II recorded during vach labor was 91, whereas
in the group of vigorous newhorns the mean
was 11, The difference is highly significant
{(Figure 7}.

It has been suggested (7, 8) that dips Il
should be virtually absent in a normal labor
and 1hat their appcarance should be regarded
as a sign of feeal distress. However, if the total
number of dips Il recorded during a complete
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Figure 7. Mecan total number of dips 1T recorded during
labor 1n group of 14 depressed pewborns is %1, In group
of 34 vigorous infants, Both muan
and hducial limits (%3 per cent) are indicawed for each
group; difference is significant (p <7 UOLY {4,

mean value s 1L,

libor 15 below 4 tentative upper limit of 20,
the fetal disturbance will not be severe enough
to cause a low Apgar score. Above this number
The
exeeptioms to this rule were cases in which dips
I were recorded in early stages of labor and

the newborn s usually depressed. few

then disappeased, the FHR tracing being nor-
mal for several houss hefare delivery.

Percentage of contracnions causing dips il
(Figure 8). In a pool made of all the 3499
merine contractions recorded in 34 lahors from
onsct until the delivery of vigorous newborns,
only 377 (11 per cent) coused dips TL Iu the
proup of 14 labors delivering depressed new.
borns, 1273 of the 2.852 contractions recorded
(44.6 per ceat) produced dJips (1.

From these resulls it can be concluded that
two signs of FHR {tachycardia of haseline over
155 beats/min and the occurrence of mote than
20t dips 11} can be used for a reliable diagnaosis
of fetal distress. [a particular, dips 11 are as-
sociated with hypoxia, hypercapma, and low
actual pH of fetal blood; when more than 20
of them occur during labor, the newbeorn is
usually depressed.
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Ficure & In 14 labors dedwering depressed newborns,
45 per cent of contractions caused dips 10; only 10 per
cent caused dips 11 in 34 labors delivering vigorous new-
borns (x* test, p <7 L001Y. Total mumber of contrac-
tions analvzed was 6,357 (4).

A practical test for evaluating fetal candition in
acute intrapartum fetal distress, based on dips 11

The difhevlty with using the criterion of 20
or more dips II during laber is that by the time




distress is diagnosed the fetal damage has prob-
ably already occurred, The following study was
carried out with the aim of finding a way w0
detect as early as possible any depurture from
normal in the condition of the fetus.

Material and methods

In a rctrospective study of the available
records of Jabor at the Obstetrical Physiology
Service 1in Monrtevideo, Uruguay, 20 cases were
found to have a good FLIR tracing in the period
immediately preceding the secand stage or in-
trapastum fetal death. These 20 newborns were
classified, according to the Apgar scorc at the
first minute of lfe, into three groups: I (10
newborns), with a score of 7 to 10; 1 (5 new-
borns), with a score of 4 to 6; and ITT (5 new-
borns), with a score of 0 to 3. Group ]I
included rwo fetuses who dicd during labor.
Cesarean sections were excluded. Except in one
case (No. 15003, in which the umbilical cord was
found at birth to be luosely wound around the
fetal neck, no cord complications were known
to exis,

Several characteristics of dips 11 were studied
i the 20 conteactions that preceded the second
stage of labor. in arder to detcrmine whether
any of them wcre related 1o the delivery of 2
depressed newborn.,

Results und discussion

Dips IT were rare in group I They did oceur
in groups I and 11I, but there was no signifi-
cant difference in amplitude between the two
groups (Figure 9). Thus amplitude cannot be
used for predicting the condition of the new-
born,

The incidence of dips 1T was also studicd hy
calculaung whar percentage of the 20 contrac-
tions produced them. In group I (Figure 10)
this percentage was 3.5 per cent. The fAducial
Limits statistically caleulated (99 per cent)
ranged hetween |53 and 10 per cent. This
implies that when up to 10 per cent of the
contractions cause dips 11, the fetus—if immedt-
ately delivered—will have an Apgar score of

HOUR PRECEDING DELIVERY

APGAR SCORE |

beats| B W & Joa
min| Group T Group TT
100
904

o -~
o Qo

——i

-
<

MEAN AMPLITUBE OF TYPE TL DiPS
=

20

10

0
% =4l F W7
Sp=22 5g=5.9 | Sp-23 Sge35 | SPO1E 1Sv2bd
N =14 | N =44

| DIFFERENCES NOT SIGNIFICANT S5

Frours 9. Comparison of mean amplitude of dips II in
Groups 1T and ST reveals no signifcant differences (37,

7 to 10 (with 99 per cent confidence). In group
Il the percentage of contractions causing dips
IT was 21 per cent (Figure 11}. The fiducial
Irnits calculated (99 per cent) ranged from
1T to 31 per cent. Within this range the new-
borns will be moderately depressed (Apgar
score 4-6), In group 111 a mmean of 44 per cent
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Ficure 10. Percontages of 20 contractions preceding scc-
onid stage that caused dips 1T in Groups 1, II, and 111,
In %% test with two degrees uf freedom, differences are
highly sigmificant (p<0.001) {37}
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Ficurr 11, Schematic represcncanon of records of FHR
and ammotc pressire.

from 1ep to bottorn.

Severity of fetal distress increases
At lefr, theareticsl Apgar score (if
{etus weere delweredl immediately). Percentage of contrac-
tons causing 1hps I may indicate. at any moment of
lalor, condition of feras (377,

of the cnmcactions produced dips 11. The 99
per cent fiducial limits for this group ranged
from 32 to 56 per cent. Thus, if more than 32
per cent of the contractions cause dips 17 the fetus
will be delivered extremely depressed or will
die during labor.

TF: percentages of utering contraclions caus-
ing dips II in each group were studied by means
of a y* wst with 1wo degrees of freedom. The
difference between these percentages was found
to be highly signtheant (p<20.001) (Figure 1.
These differences cannot be accounted for by
differences  between groups in the maximal
pressure of the conteactions; all 20 feruses were
exposed to contractions of sinilar  maximal
[Jl'l‘.'SSl.er.

tn summary, a study of 15 to 20 contractions
prior to the sceond slage of labor 1o determine
what percentzge of them produces dips II
is cnungh to enable the obsteirician ta predict
the Apgar scire of the newborn if it s delivered
immediately; the amplitude of the dips 1, as
has becn said, may be ignored. The contrac-
tons @ be considered should have a maximal
pressure ranging between 30 and 70 mm Hg,
such as are usually found during labor.

If such a test served only to predict the con-
dition of the newhorn a few minutes before
delivery, its usefulness would obviously  be
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Iimited, However, these resnles can be used to
develop a test whereby the clinician can diagnose
acute intrapartumn fetal distress at any moment
during labor,

It may be predicted that fetus A in Figure 11,
if immediately delivered, would have an Apgar
score of 7-10, since less than 10 per cent of the
contracuions (6.6 per cent) have produced dips 11
and conscquently its condition can ar the mo-
ment be described as excellent. Fetus B, with 20
per cent of the contrartions producing dips [I,
would have an Apgar score of 4-6; thus, 1t is in
distress. Fetuses € and D are extremely dis
tressed, as can be suspected from the fact that
more than 30 per cent of the contractions are
producing dips II; they will die very soan, or be
severely depressed if immediately delivered.

Pracrically speaking, it is enough o monitor
13 consecutive utcrine contractions with simul.
auscultation of the fetal heast and
The method to enable the
obstetrician to detect dips Il easily by clinical
procedures has been published elsewhere (8).

taneous
utcrine palpation,

Far vach contraction, the presence or absence
of dips 1l should be represented on a chart
similar to that shown in Figure 12. If a contrac-

CLINICAL TEST FOR EVALUATING FETAL CONDITION
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Ficurr 12. Double horizonul lines define groups I,
and TII fexpecied good, poor, or extremely severe fetal
condition}. Fach vertical line corresponds to one moni-
tored contraction. Heavy lines represent presence {(di-
agonal) or absence (honzontal) of dips ! thus pasition
of cantinuous line shows after each contraction the con-
the fetus. Number of contractions required to
achieve diagnosis of acute ntrapartum feral distress de-
crezses as fetal condition pets worse.
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tion does not producc a (]111 H, a horizonial
line 15 drawn in the square corresponding 1o
it: it it does, an cblique line. If no dips 11 are
deterted in the 15 conswulive contractions
studl'ed, a continuous horizontal line will be
superimpuosed on the botom line of Figure 12
One dip I found among the 15 contractions will
raise the 1inc slighly, but the feeas will still be in
good condition hecause the percentage (6.6} is
within the Lmie of group T Tf 3 ar 4 dips 11
occur in the 1S<ontraction period, the fetus is
disticssed and, if immediately delivered, would
be depressed { Apgar score 4-6). If more than 4
accur, the fetus is in extremely severe distress
and would have a very low Apgar score (0-3).

It zan be ohserved that the number of con-

1o be swdied

severity of fetal distress. For instance, in situ-

tractions diminishes with the

ation 12 of Figur: 11, in whith all the contrac-
tions produce dips IT, it is unnecessary 1o wan

for the end of the series of 13, becauvse the per-
centage is already over 47 by the time of the
seventh consecutive contraction. At the usual fre-
quency of 3 tn 5 contractions every 10 minutes,
the diagnosis of severe distress can thus be made
in 12 to 20 minutes. This is the case of the fetus
represented by the top line of Fig. 12, in which,
after the seventh contraction, 1t can be stated
that the fetus is definitely within the area of
group Il The dotted line from the seventh
contraction onwards emphasizes the fact that
the diagnosis of extremely severe fetal distress
has already been made. 1f this siwatinn is al-
lowed to centinue, the consequent fetal damage
will be increasingly aggravated; if its cause s
corrected by adequate treatment as soon as fetal
distress has been recognized, the percentage of
LONILACEions

causing dips [I will diminish,

skowing the improvemcnt of the fetal condition.
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