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In 9 labors at term pregnancy, fetal heart rate (FHR) and amniotic pressure were 
recorded electronically from the onset of labor until delivery. The actual pH was 
periodically determined in fetal capillary blood obtained from the scalp. The results 
confirm our observations that fetal acidosis in utero (fiH lower than 7.20) precedes 
depression of the newborn. In addition, they suggest that fetal acidosis is usually 
associated with a typical pattern of FHR made up of: (I) high basal FHR, above 160 
beats per minute, and (2) the Presence of tyje II dips, i.e., transient falls of FHR 
occurring after each uterine contraction. Since these two FHR variations have been 
shown to be consistently related to the depression of the newborn (Apgar score 6 or 
lower), they are considered as reliable signs of fetal distress during labor. In normal 
labors, resulting in one delivery of vigorous newborn infants, the pH of fetal blood 
is higher than 7.20, FHR is about 130 to 150 beats per minute and type II dips are 
usually absent from the FHR tracing. 

THE RED u CTIO N of metabolic ex- 
changes between fetus and mother causes 
acidosis, hypoxia and other alterations in the 
“internal milieu” of the fetus, which are the 
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biochemical substratum of the so-called 
“fetal distress.“’ These changes of the inter- 
nal milieu may damage fetal cells-particu- 
larly those of the central nervous system- 
and may even cause intrauterine fetal death. 
If the infant is born alive, the newborn is 
usually depressed (low Apgar score). 

It follows that two reliable methods for 
the diagnosis of intrapartum fetal distress 
are measurement of pH of the blood of the 
fetus “in uter0”2 and of the newborn at 
birth31 4* 5 and determination of the Apgar 
score. There is an excellent correlation be- 
tween the results of both methods.3p s* I6 
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Since the determination of the pH of fetal 
blood is not yet available to every obstetri- 
cian, it is desirable to establish the value of 
fetal heart rate (FHR) patterns for the diag- 
nosis of fetal distress. Several author+ 6-11 
have described certain changes in FHR dur- 
ing labor which are consistently related to 
depression of the newborn, whereas other 
FHR variations apparently have no harmful 
meaning.‘1 I2 

A correlation has been reported between 
certain FHR variations during labor and 
the degree of acidosis in the blood of the 
newborn at birth.*, 9y I3 

On the other hand, other investigators14-16 
have not found any correlation between fetal 
acidosis in labor and changes in FHR, 
which, according to them, have little value 
for the diagnosis of fetal distress. It is most 
probable that the disagreement on the re- 
liability of FHR patterns as a sign of fetal 
distress is largely due to the differences in 
the methods employed for recording and 
evalua.ting FHR. 

The purpose of the present paper is to 
study the relationship between the pH of 

TYPE I 
DIP 

fetal blood in utero with the pattern of fetal 
heart rate present at the moment in which 
the blood sample was obtained. Both vari- 
ables will also be correlated with the Apgar 
score of the newborn. 

Material and methods 

This study was performed during labor 
in 9 normal term pregnant women. Three 
labors were induced with oxytocin infusion 
and the remaining 6 started spontaneously. 
Analgesia was obtained with intravenous in- 
fusion of meperidine at rates ranging from 
0.3 to 2.1 mg. per minute per 00 kilogram. 
More detailed information about the patients 
is given in Table I. 

The actual pH of maternal arterial blood 
and of fetal capillary blood was periodically 
measured with a micromethod.17 The oxy- 
gen content and saturation were determined 
with the Kopp-Natelson microgasometer. 
The samples of fetal blood were obtained 
from the scalp following the method de- 
scribed by Saling. *I I8 The Apgar score was 
determined at the first, fifth, and tenth 
minutes of life. 

TYPE II 
DIP 

beak/min 

5 1 i minutes 
Fig. 1. Diagram illustrating the parameters analyzed in the tracings of fetal heart rate 
(FHR) and amniotic fluid pressure, and their chronological relationships. After Caldeyro- 
Barcia, R., et al.: In Cassels, D. E., editor: The Heart and Circulation in the Newborn and 
Infant, New York, 1966, Grune & Stratton, Inc., pp. 7-36. 
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Table I 

Vigorous newborns 
1710 i 
1727 
1745 ; 
1747 0 

Depressed newborns 
1711 vi 

1712 ii 

1714 i 

1715 i 

1751 ii 

39 3,250 
40 3,050 
40 3,450 
42.2 3,050 

41 3,800 

40.2 3,610 

42.5 2,850 

40 2,980 

37.3 2,200 

7 a 
8 10 
9 10 

10 10 

1 2 

1 2 

1 1 

6 9 

Anencephalus 
1 1 

Yes 
No 
No 
No 

No 

No 

No 

No 

No 

Oxytocin-induct 
Oxytocin-induct 
Spontaneous 
Spontaneous 

Spontaneous 

Oxytocin-induce 

Spontaneous 

Spontaneous 

Spontaneous 

‘Uterine work is the sum of the intensity of all the contractions recorded during labor. 

In each case the amniotic pressure, fetal 
heart rate (FHR), maternal arterial pres- 
sure, and heart rate were recorded elec- 
tronically throughout labor.lg9 *O The records 
of FHR and amniotic pressure were analyzed 
according to the methods described pre- 
viously.lg, 2o The tracings of FHR obtained 
during labor show at least four different 
kinds of variations’ which have been desig- 
nated as “rapid fluctuations,” “spikes,” 
“transient ascents,” and “dips.” The base 
line upon which these variations are super- 
imposed is the “basal FHR,” which is mea- 
sured during the intervals between dips, 
spikes, and transient ascents, as the average 
FHR value between the peaks and depres- 
sions corresponding to the rapid fluctuations 
(Fig. 1). 

The tracings of FHR obtained from nor- 
mal fetuses always present small “rapid fluc- 
tuations” (Figs. 3, 4, 6, and 9) which have 
a certain rhytbmicity. Their amplitude usu- 
ally ranges from 1 to 8 beats per minute and 
their frequency from 3 to 10 cycles per 
minute. These fluctuations are superimposed 
on the basal FHR (Figs. 3 and 6), the 
transient ascents (Figs. 4 and 9) and the 
dips (Fig. 7). 

The “transient ascents” of FHR have been 

recorded in about 40 per cent of the pa- 
tients studied. Their average amplitude was 
21 beats per minute and their average dura- 
tion 26 seconds. Only in 5 per cent of the 
patients, were the transient ascents caused 
by uterine contractions (Fig. 4). The re- 
maining ascents had no known cause (Fig. 
9) or could be related to puncture of the 
fetus by genital examination or slight com- 
pression of the fetal head. 

No relationship has been found between 
the Apgar score of the newborn and ( 1) 
the amplitude or frequency of the rapid 
fluctuations; (2) the incidence and ampli- 
tude of the transient ascents; (3) the inci- 
dence of the spikes-l 

A “dip” is a transient fall of fetal heart 
rate caused by one uterine contraction (Fig. 
1). The amplitude of a dip (measured in 
beats per minute) is the difference between 
the basal FHR preceding the dip and the 
minimal FHR recorded at the bottom of the 
dip (Fig. 1). The “lag-time” is the interval 
(measured in seconds) between the peak of 
the contraction and the bottom of the dip. 
According to their lag-time, dips can be 
classified into two types (Fig. 1). 

Type I dips occur during the contraction 
(average lag-time 3 seconds) whereas type 

Association ATIDE 
Centre de Documentation ARIANE



Volume 97 
Number 4 

Blood pH and heart rate in fetus 533 

Delivery Uterine contrractility 

Spontaneous 0.3 9:31 
Forceps 0.6 10: 18 
Spontaneous 0.4 5:40 
Forceps 0.0 4:05 

3.413 
6.925 
5.538 

Normal 
Normal 
Normal 
Normal 

Cesarean section 1.3 2:37 1.091 

Forceps 0.7 17:54 17.472 

Spontaneous 2.1 3:15 1.981 

Spontaneous 0.8 9:55 13.003 

Marked and lasting hypertonus and 
tachysystole 

Hypersystole, tachysystole and brief 
periods of hypertonus 

Tachysystole; brief periods of hyper- 
tonus 

Marked hypersystole; an episode of 
hypertonus and tachysystole 

Spontaneous 

-___ 

0.6 13:33 6.588 Periods of hypertonus and tachysystole 
at the beginning of the record 

SYMBOLS 

RAPID 
IL FLUCTUATIONS 

[t 
a 

{ 

MPE I 

DIPS 
H 

LLI 
TYPE II 

cl 

z, [I 
C. 
-. 
-, 

SPIKES 
cl. [ 

! 

; 

2I 

-3 
TRANSIENT 
ASCENTS 

[i 

Fig. 2. Meaning of the symbols employed to illus- 
trate the values and variations of the FHR in 
the perinatal charts of Figs. 5, 8, and 12 (see also 
Fig. 118. 

II dips develop after the peak of the con- 

traction (average lag-time 40 seconds), i.e., 
when the uterus is relaxing (Figs. 1 and 7). 
This chronological difference is very sharp 
and enables a ready diagnosis of the type of 
dip in the records and also by clinical 
auscultation (see below). Figs. 7, 10, and 11 
show several type II dips. Fig. 11 shows a 
type I dip at hour 9:37vg. Roughly speak- 

ing, these two types of dips would correspond 
to the bradycardias of “early onset” and 
those of “late onset,” respectively, described 
by Hon.7 

It has been demonstrated” that depres- 
sion of the newborn is preceded by charac- 
teristic changes in FHR during labor. These 
changes are: ( 1) persistent rise of basal 
FHR above 160 beats per minute; (2) the 
appearance of several type II dips. These 
two signs may be associated in different 
combinations (Figs. 7, 10, and 11) originat- 
ing a variety of FHR patterns which, if 
properly interpreted, allow the obstetrician 
to make the early diagnosis of fetal distress1 

In contrast, no relationship has been found 
between the incidence and amplitude of type 
I dips and the Apgar score of the newborn.12 
Type I dips are usually present during ad- 
vanced labor in patients delivered of both 
depressed and vigorous newborn infants. 

Results 

The records and measurements obtained 
in 3 typical labors will be presented in de- 
tail, followed by the joint analysis of the 
data corresponding to all 9 cases. 

Normal labor with fetus in good condition 
and vigorous newborn (labor No. 1710). 
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DILATATION 7 cm’ 

Fig. 3. Record obtained during normal labor with fetus in good condition. At the arrows, 
samples of blood are obtained from the fetal scalp; the pH and hemoglobin saturation are 
fiormal. The basal FHR (110 to 130 beats per minute) is normal. Only small rapid fluctua- 
tions are seen on the FHR record. Labor is induced with oxytocin infusion (16 mu. per 
minute). Membranes are ruptured at hour 3:28. Same labor (No. 1710) as in Figs. 4 and 5. 
Spontaneous delivery at hour 9:30. Apgar score 7 at the first minute and 8 at 5 minutes. 

7 . 

1 FETAL CAPILLARY 43LObD 1 

. ’ ,( DlLiITATl0t-d 9, cm t . O2 SATURATION SS% 
r ST&TlON + 2 PH RI 7.33 

Fi?. 4. Record obtained during normal labor with fetus in good condition. Same labor (No. 
1710) as in Figs, 3 and 5. At the arrow, a sample of blood is obtained from the fetal scalp; 
the pH and oxygen saturation are normal. The basal FHR (115 beats per minute) is normal. 
Each uterine contraction causes a transient ascent in FHR. This tracing continues with the 
same characteristics until a vigorous newborn is delivered at hour 9:30 (Apgar score 7 at 
one minute and 8 at 5 minutes). 
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I. * I I ., I ,,. . , I,, , I a +mirwtes 
I t 

hour 15x1 hour l&O0 

Fig. 6. Fetus at the verge of distress (No. 1712). Record obtained during the first stage of 
labor. The intensity of uterine contractions is at the upper edge of the normal range. The 
mother is breathing 100 per cent oxygen. The basal FHR averages 160 beats per minute, i.e., 
the higher boundary of normal values. Type II dips are not present. According to the FHR 
tracing the fetus is at the verge of distress. No data about the pH of fetal blood are available 
at this phase of labor. Same labor (No. 1712) as in Figs. 7 and 8. 

Fig. 7. Fetal distress. Record obtained during advanced first stage. Same labor (No. 1712) as 
in Figs. 6 and 8. The mother is breathing 100 per cent oxygen. The intensity of the con- 
tractions increases progressively, and becomes hypersystolic from hour 17:08 onward. The 
basal FHR is abnormally high (170 to 185 beats per minute). Type II dips appear after the 
contractions become hypersystolic. The typical FHR pattern of intrapartum fetal distress is 
then present, and continues with the same characteristics until forceps delivery of a very 
depressed newborn at hour 17:54 (Apgar score 1 at one minute and 2 at 5 minutes). The 
fetal capillary blood, sampled at hour 17:lO is markedly acidotic and hypoxemic. At birth, 
these anomalies are even more marked in the blood of the umbilical vein (pH 7.05, oxygen 
saturation 16 per cent). 
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Figs. 3 and 4 show typical portions of the 
original record. Fig. 5 shows the perinatal 
chart illustrating in time-condensed form, 
all the parameters recorded and measured 
throughout labor. In labor No. 1710 the 
following parameters are always normal: 
maternal arterial pressure, pH, and oxygen 
saturation of maternal arterial blood, fetal 
capillary blood, and newborn aortic blood. 
The progress of labor (cervical dilatation 
and station) is also normal. The induction 
of labor is started with oxytocin infusion at 
the rate of 4 mu. per minute (at hour 
4:02:1. The rate of infusion is increased to 

8 mu. per minute at hour 4:50 and to 16 
mu. per minute at hour 7:08. Uterine con- 
tractions thus stimulated are normal in in- 
tensity, frequency, and tonus. During the 
second stage of labor, and just prior to de- 
livery, the rate of oxytocin infusion is in- 
creased to excessively high levels, 32 and 90 
mu. per minute, in order to produce uterine 
tachysystole. 

The basal FHR is very stable throughout 
labor and ranges between 110 and 140 beats 
per minute, i.e., within the normal range. 
Only the small rapid fluctuations are seen 
in the FHR tracing during some periods 

FETAL 2D 2 FETAL 
MUSCULAR ;: 10 MUSCULAR 

rff 
PO2 ; -..“,Jd~~WtiF~~ 6.,-u 4. b.+” i PO2 

AGE 20 YEARS 

GESTA Dl PARA P 

AMENORRHEA 
402 we.?ks 

NORMAL PREGNANCY 
WITHOUT CORD 
COMPLICATIONS 

.o -.~ 
9 ---- 
B-.-- 17 L72 mmHg 

LABOR 
FORCEPS L 0 P 

ARTERIAL PRESSURE 
SUPINE POSITION 66/60 
LATERAL POSITION 100/70 

1 LEFT LATERAL POSITION I RIGHT LAT WSIT ISI’ RIGHT LATERAL PoSlT’GN 
0.4 mg/min 1 0.8 1 0.4 1 0.8 1 1 6 m g /m i n [OL mg/mlm PLACENTA 

2mU/min J WEIGHT 650 g 
13 00 14-w 15’00 16:W 17 00 HOUR5 1666 

Pig. 8. Perinatal chart corresponding to intrapartum fetal distress and severe depression of the 
newborn. Same method of illustration as in Fig. 5. Corresponds to the sazne labor (No. 1712) 
as Figs. 6 and 7. Until hour 16:OO according to the FHR tracing, the fetus is at the verge 
of distress (see Fig. 6). From hour 16:00 until delivery, the FHR pattern of fetal distress 
(illustrated in Fig. 7), is present. Therr is fetal acidosis and hypoxia. (The mother is breath- 

ing 100 per cent oxygen.) 
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(Fig. 3). In other periods, (hour 3:20 to 
3:50, 530 to 6:00, and 8:40 through de- 
livery at 9:30) each uterine contraction pro- 
duced a transient ascent in FHR (Fig. 4). 

The pH of fetal blood is very stable 
ranging from 7.28 to 7.35; the oxygen satu- 
ration is also stable and ranges from 55 to 
65 per cent. Both values are in the middle 
of the normal range established by Saling.2 
During the few minutes of uterine tachy- 
systole occurring prior to delivery, the oxy- 
gen saturation of fetal blood fell to 40 per 
cent, whereas the pH did not change because 
the duration of the episode was too short to 
affect the acid-base balance of the fetus. 

The newborn infant was in good condi- 
tion (Apgar score 7 at the first minute 
and 8 at the fifth minute) and the infant 
developed normally. 

Abnormal labor with fetal distress and 
depressed newborn (labor No. 1712). Figs. 
6 and 7 show portions of the original record 
and Fig. 8 shows the perinatal chart. Uterine 
contractions are abnormally strong through- 
out labor. This hypersystole is more marked 
at hour 16:lO to 16:30 and again at hour 
17:lO to 17:54 (delivery). During both 
periods there is also uterine hypertonus. 
Uterine hypersystole and hypertonus are the 
most important known factors of fetal dis- 
tress during labor No. 1712 (as is also the 
case in labor No. 17 15). 

Until hour 16:lO the basal FHR ranges 
between 155 and 170 beats per minute, i.e., 
it is slightly above the upper limit of the 
normal range (Fig. 6). 

Except for a brief period (hour 15:lO to 
15:20) there are no type II dips. According 
to the data of FHR, the fetus was on the 
verge of distress until hour 16:lO. Unfor- 
tunately, there are no data concerning the 
pH and oxygen saturation of fetal blood 
during this phase of labor. 

From hour 16: IO until delivery (at 17:54) 
the basal FHR is abnormally high (170 to 
190 beats per minute) and several type II 
dips of large amplitude are recorded (from 
hour 16:lO to 16:30 and again from hour 
17:lO until delivery at 17:54). The original 
record of some of these type IT dips is 

shown in Fig. 7. According to the FHR 
tracing, the fetus is in severe distress since 
hour 17:lO until delivery. This diagnosis is 
confirmed by the marked, prolonged depres- 
sion of the newborn and also by the abnor- 
mally low values of oxygen saturation of 
fetal blood (20 and 16 per cent) and of pH 
(7.18 - 7.05) of fetal blood. 

The fetus was delivered by forceps. The 
pH of the aortic blood of the infant 12 
minutes after birth was 7.02. It increased to 
7.27 (20 minutes after birth) after adminis- 
tration of 20 ml. of a solution of tris- 
hydroxymethylaminomethane (0.5M ad- 
justed at pH 8.5). At the thirtieth and 
fiftieth minutes of extrauterine life, pH re- 
mained stable at 7.22. 

The Apgar score was 1 at the first minute, 
2 at the fifth minute, and 5 at the tenth 
minute. The infant showed clear signs of 
brain damage. 

Abnormal labor with permanent uterine 
hypersystole and transient uterine hyper- 
tonus, fetal distress, and depressed newborn 
(labor No. 1715). Figs. 9, 10, and 11 illus- 
trate parts of the original record. Fig. 12 
shows the perinatal chart. 

Uterine contractility showed two abnor- 
malities in this case: (1) hypersystolic con- 
tractions, which were present all throughout 
the record (Fig. 12) and became extremely 
marked from hour 9:20 until delivery. (2) 
A transient episode of marked uterine hyper- 
tonus developed at hour a:40 and lasted for 
about 10 minutes (Fig. 10). 

From hour 5:30 until 7:00 the basal FHR 
oscillates around the upper limit of nor- 
mality, i.e., 160 beats per minute. Several 
transient ascents of FHR are recorded (Fig. 
9). Oxygen saturation of fetal blood is nor- 
mal (50 to 56 per cent), and pH is about 
7.24-7.28, i.e., in the lower part of the nor- 
mal range.2 

From hour 7:lO until 7:30 the basal FHR 
increases temporarily to 180 beats per minute 
and a few type II dips are present. No data 
of pH and oxygen saturation of fetal blood 
are available in this period. 

From hour 7:30 until 8:40 the basal FHR 
oscillates about 150 to 170 beats per minute 
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Fig. 9. Fetus at the verge of distress. Cervical 
dilatation is 3 cm. and station is -3. Membranes 
are ruptured at hour 5:45. The mother is breath- 
ing 100 per cent oxygen. Uterine contractions are 
abnormally strong (hypersystole) . The basal FHR 
ranges from 160 to 170 beats per minute, i.e., 
above the upper limit of the normal range. 
The FHR tracing shows rapid fluctuations and a 
few t.ransient ascents which bear no consistent 
relationship with uterine contractions. No type II 
dips are seen in this part of the record. The 
oxygen saturation of fetal blood is normal and the 
pH is in the lower part of the normal range 
(same labor as in Figs. 10 and 11.) 

(Fig. 12). No type II dips are present. Type 
I dips of small amplitude are recorded. 
Fetal pH ranges from 7.20 to 7.26 and oxy- 
gen saturation is 57 per cent. 

According to fetal blood pH and oxygen 
saturation and to the FHR pattern, from 

hour 5:30 until 8:40 the fetus is on the verge 
of distress. 

From hour 8:40 until 8:50 a marked 
uterine hypertonus is produced (Fig. 10) 

and the strong uterine contractions, super- 
imposed on the high tonus, cause in FHR a 
series of type II dips which overlap each 
other. This transient episode aggravated the 

already poor fetal conditions. According to 
the FHR pattern, (Fig. 10) during this 

episode of uterine hypertonus the fetus is in 
acute distress. Unfortunately, no data are 
available about pH and oxygen saturation 
of fetal blood during this episode. 

From hour 8:50 until 9:30, uterine con- 

tractions and FHR have the same charac- 

teristics as prior to the episode of hyper- 
tonus. 

From hour 9:30 until delivery, an ex- 

Fig. 10. Acute, marked fetal distress. Record obtained in the same labor (No. 1715) as in 
Figs. 9, 11, and 12. Uterine contractions are very strong (hypersystole). A transient episode 
of uterine hypertonus starts at hour 8:40 and lasts for about 15 minutes; the strong uterine 
contractions superimposed on uterine hypertonus, produce type II dips which overlap each 
other preventing the complete recovery of FHR between dips. When uterine tonus returns 
to normal values, type II dips disappear and the basal FHR increases to 180 beats per 
minute (rebound tachycardia) and then gradually returns to the initial level (165 beats 
per minute). 
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tremely marked uterine hypersystole is pres- 
ent; the amniotic pressure at the peak of 
uterine contractions is higher than 100 mm. 
Hg. In fetal blood the pH fell to 7.08 to 
7.12 and oxygen saturation to 20 per cent. 
The basal FHR rose to 180 beats per minute 
(Figs. 11 and 12) and type II dips appeared 

in the FHR tracing. According to the fetal 
blood composition and to the FHR pattern, 
during this period the fetus is in severe dis- 
tress. 

The administration of oxygen to the 
mother at hour 9:38 caused the disappear- 
ance of type II dips in the FHR tracing 
(Figs. 11 and 12) but no significant changes 
in fetal pH. 

At birth the newborn was moderately de- 
pressed (Apgar score 6 at the first minute) 
but rapidly recovered (Apgar score 9 at the 

fifth minute). Artificial respiration was per- 
formed to the newborn. The pH of the aortic 
blood of the newborn was 7.05 at birth and 
recovered to 7.20 at the thirtieth minute 
post partum. One hour post partum the pH 
was 7.23 and the oxygen saturation 92 per 
cent. 

The maternal arterial pressure, oxygen 
saturation, and pH of maternal arterial 
blood were normal all throughout labor. 

Correlation between the pH of fetal blood 
and the Apgar score of the newborn. Fig. 13 
shows that in all cases in which the fetal 
pH during the last hour of labor was be- 
tween 7.20 and 7.40, the infant was vigorous 
(Apgar score 7 to 10) (see also Figs, 3, 4, 
and 5) whereas in those cases in which fetal 
pH was below 7.20, the newborn infant was 
depressed ( Apgar score l-6) (see also Figs. 

Fig. 11. Record obtained during fetal distress. Same labor as in Figs. 9, 10, and 12. Second 
stage of labor. The uterine contractions are extremely strong (marked hypersystole) . They 
produce type II dips when the mother is breathing air. The dips disappear when the mother 
breaths 100 per cent oxygen. The basal FHR is abnormally high (180 beats per minute). 
The fetal pH (7.12) and the oxygen saturation (21 per cent) are below the normal ranges 
(fetal acidosis and hypoxia). Spontaneous delivery at hour 9:55. The newborn infant was 
depressed at birth (Apgar score 6 at the first minute) but recoverS at the fifth minute (Apgar 
score 9)) after artificial respiration. 
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7, 8, 11, and 12). In those cases with pH 
lower than 7.10, the depression of the new- 
born was very severe (Apgar score l-2) ; re- 
suscitation was required and the infants 
showed signs of neurological damage (Fig. 

8). 
Correlation between pH of fetal blood and 

the FHR pattern. In Fig. 14, each average 
value of basal FHR in the 5 minute period 
preceding the withdrawal of capillary blood 
samples from the fetal scalp is plotted 
against the corresponding value of actual 
pH. The distribution of the experimental 

points indicates that there is an inverse 
linear relationship between basal FHR and 
pH, i.e., when the pH descends, the basal 
FHR rises. 

The points corresponding to pH lower 
than 7.20 (acidosis) and the basal FHR 
higher than 160 beats per minute (tachy- 
cardia), belonged to fetuses depressed at 
birth (Apgar score l-6) (see also Figs. 7, 
8, 11, and 12). 

On the other hand, the points correspond- 
ing to pH values between 7.20 and 7.40 and 
to basal FHR from 115 to 160 beats per 

HEART RATE 

AGE 30 YEARS 

tESTA II PARA I 

AMENORRHEA 
‘0 WEEKS 

SUPINE WWloN SWINE FQsIT,ON TOTAL 
IV INFU’X% DEMEROL 04ms/mm 1 OS mg,m,n 11 6 m g/m I n 1 , -  UTERINE WORK 

e -~ __ - - - - - - - -  -  -  -  -  _  13 003mrnHg 

6 00 7 00 8 00 9 00 HOURS 10 00 

Fig. 12. P&natal chart corresponding to an abnormal labor with fetal distress and depressed 
newborn infant (same method of illustration as in Figs. 5 and 8). Same labor (No. 1715) as 
in Figs. 9, 10, and 11. Until hour 8:40 uterine contractions are slightly hypersystolic and the 
fetus is on the verge of distress. From hour 8:40 to 8:50 marked uterine hypertonus produces 
acute fetal distress. At hour 9:20 uterine contractions become extremely strong and the fetus 
is in distress until delivery at hour 9:54. 
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FETAL CAPILLARY BLOOD 
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Fig. 13. Actual pH of fetal capillary blood during 
the last hour preceding delivery. The values cor- 
responding to each case are identified by different 
symbols. The fetuses having pH lower than 7.20 
were depressed at birth (first minute Apgar score 
I to 6). Fetuses with pH between 7.20 and 7.40 
were not depressed at birth (first minute Apgar 
score 7 to 10). 
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minute belonged to fetuses delivered in good 
conditions (Apgar score 7 to 10) (see also 
Figs. 3, 4, and 5). 

In Fig. 15 each point corresponds to one 
determination of actual pH in fetal capillary 
blood, plotted against the average index 
“dip/contraction” corresponding to the pre- 
ceding 10 minutes. This index results from 
dividing the amplitude of each type II dip 
by the maximal amniotic pressure at the 
peak of the corresponding uterine contrac- 
tion (Fig. 1). The index “dip/contraction” 
measures the predisposition of the fetus to 
produce type II dips in response to uterine 
contractions. 

The index “dip/contraction” is signifi- 
cantly higher when the pH of fetal capillary 
blood is below 7.20 than when the pH is 
above this figure (Fig. 15). Actually, type 
II dips were absent-the index “dip/con- 
traction” was equal to zero-when the pH 
was higher than 7.20 (see also Figs. 3, 4, 
and 6) whereas type II dips are present in 
almost all instances in which the pH was 
lower than 7.20 (see also Figs. 7, 8, 11, and 
12). 
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Fig. 14. Correlation between basal FHR and actual pH of the capillary blood of 
There is an inverse relationship between both variables (same symbols as in Fig. 13). 

the fetus. 
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All these results suggest that the propen- 
sity of the fetus to have a high basal FHR 
and type II dips, is greater when the pH of 
capillary blood is below 7.20 than when the 
pH is above this value. The role played by 
the oxygen saturation of fetal blood will be 
analyzed in another paper. 

Comment 

Relationship between fetal acidosis, FHR 
patterns, and neonatal depression. The re- 
sults of the present study summarized in 
Fig. 13 confirm the findings of previous 
authorP5 that acidosis “in utero” is closely 
associated with depression of the newborn. 
In addition, they suggest that the acidotic 
fetus is more prone to have a high basal 
FHR (Fig. 14) and produce type II dips 
(Fig. 15) than the normal fetus. These two 
FHR signs, which usually appear combined 
(Figs. 7 and 11) are an indication of fetal 
distress in labor, since they are consistently 
associated with depression of the newbornlO 

These findings agree with those of Brady, 

J ames, and Bakers, ’ who reported that 
tachycardia alone or bradycardia lasting for 
one minute after the contraction (type II 

dips?) during labor, are associated with 
acidosis and depression of the newborn. 

Ginsburg and Gerstley” reported that 
fetal tachycardia associated to periods of 
bradycardia, are signs of poor neonatal out- 
come. It is difficult to know whether the 
periods of bradycardia reported by these 
authors correspond to type II dips, since 
they have not recorded uterine contractions. 
Aramburu, Gulin, and Caldeyro-Barcia12 
found no correlation whatsoever between the 
Apgar score of the newborn and the inci- 
dence and amplitude of type I dips during 
labor (transient FHR falls occurring during 
uterine contractions). These results disagree 
in part with the findings of Quilligan, Katig- 
bak, and Hofschild13 who reported that 
fetuses with bradycardias during contrac- 
tions (type I dips?) showed mild acidosis at 
birth. On the other hand, they found that 
fetuses with bradycardias between uterine 
contractions (type II dips?) showed marked 
acidosis in the blood of umbilical vessels at 
birth13; this particular group would be in 
agreement with the results illustrated in 
Fig. 15. 

The fact that Saling14v I5 as well as Kubli 
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Fig. 15. Correlation between the index “dip/contraction” (ordinates) and the actual pH of 
the fetal capillary blood. This index which measures the proclivity of the fetus to produce 
type II dips, is significantly higher when the pH is below 7.20 than when it is above this 
figure (same symbols as in Fig. 13). 
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and BergI were not able to find a correla- 
tion between fetal acidosis and changes in 
FHR during labor may be explained by the 
incomplete evaluation of FHR made by 
them. Single isolated counts of FHR are in- 
sufficient to recognize the typical pattern of 
FHR characteristic of fetal distress as illus- 
trated in Figs. 7 and 11. The recognition of 
this pattern by clinical auscultation requires 
that FHR be counted serially, at least dur- 
ing 20 consecutive periods of 15 seconds 
each.l The count should start before the 
onset of uterine contractions and must con- 
tinue for at least 2 minutes after the uterus 
is fully relaxed. The average FHR corre- 
sponding to each period should be noted. For 
this purpose it is useful to take 5 seconds 
of rest between every two counting periods. 
The chronological relations of each period 
with uterine contractions, should also be 
noted. 

This method makes it possible to recon- 
struct an average curve of the variations of 
FHR and their relation with the peak of the 
uterine contraction. Type II dips are per- 
ceived as a slow fall in FHR which starts 
after the peak of the contraction and reaches 
minimum values between 30 and 50 seconds 
later, i.e., when the uterus is fully relaxed 
(Figs. 1 and 7). 

Mechanisms and biologic meaning of 
FHR pattern in fetal acidosis. Fetal acidosis 
is the result of the reduction of metabolic 
exchanges between the fetus and mother. 
The characteristic changes of FHR during 
fetal acidosis (Figs. 7 and 11) have been 
interpreted1 as integrating a more complex 

February 15, 1967 
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cardiovascular adaptive response of the fetus 
which has two aims: (1) the redistribution 
of fetal circulation in order to increase the 
exchanges between mother and fetus and to 
protect the most sensitive organs of the 
fetus. This redistribution would result from 
increased sympathetic tone which is also re- 
sponsible for the rise in basal FHR. This rise 
contributes to increase cardiac output and 
the flow of fetal blood to the placenta; and 
(2) prevention of energy waste in the fetal 
my0cardium.l The energy-saving mechanism 
would act by reducing FHR after each 
uterine contraction (type II dips), i.e., at a 
time when a high cardiac output of the fetus 
would give a low yield in the fetomaternal 
exchanges, since the circulation of maternal 
blood through the IVS has been greatly im- 
paired by the uterine contraction. The type 
II dip is mainly due to a transient rise of 
vagal tone elicited by the transient aggrava- 
tion of fetal hypoxia which follows each 
uterine contracti0n.l 

The authors are indebted for the valuable co- 
operation and for the demonstration of the 
methods of sampling and microanalysis of fetal 
blood employed in this paper, to Dr. Erich W. 
Saling (from the StBdtliche Frauenklinik Berlin- 
Neukiilln, Germany) and to Drs. L. S. James, 
K. Adamsons, Jr., M. Towell, and M. Baker 
(from Columbia University, New York, New 

York). 
The authors acknowledge the technical co- 

operation of Drs. J. J. Poseiro, S. V. Pose, J. 
Bieniarz, 0. Althabe, L. 0. Alvarez, G. Aram- 
bur&, N. Pereira Luz, G. Romero Salinas, V. 
Saguier Negrete, and R. Schwartz, Jr., and H. 
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