
The Relationship Between Fetal 
Heart Rate Patterns and Fetal 
or Newborn Acidemia

In order to determine the relationship between specific fetal heart rate (FHR) patterns and fetal or 
newborn acidemia, one must first determine what biologic indices accurately identify acidemia in 
the fetus. Multiple studies have evaluated the relationships between umbilical cord gas results and 
subsequent neonatal morbidity.1-4 As noted in Chapter 5, a pH of less than 7.0 with a base excess of 
less than –12 mmol/L has been identified as the threshold set of values that significantly increase 
the risk for newborn morbidity or mortality following metabolic acidosis.1 This chapter reviews the 
evidence that links specific FHR patterns to fetal or newborn acidemia and adverse outcomes.

The relationship between FHR patterns and fetal or newborn acidemia would ideally be 
determined in a prospectively gathered, unselected series of cases that includes the full range 
of FHR patterns recorded up until the time of birth, measurements of umbilical cord arterial 
blood gases and acid–base state, and other measures of newborn outcome. This would enable the 
determination of validity with regard to the relationship. However, these studies are not available 
because obstetric intervention occurs before some FHR patterns develop or persist. Therefore, 
current research is limited to analyses of FHR patterns that are mostly benign, as it is not ethically 
possible to observe all FHR patterns, in particular, those that are believed to be associated with an 
increased risk of fetal acidemia. For this reason, modern accumulated series of FHR tracings rarely 
contain FHR tracings that are believed to be very abnormal for any length of time.5-7 Thus, the 
compilation of older smaller observational studies that were conducted before the advent of wide-
spread intervention is the best evidence available to determine the association between some FHR 
patterns and newborn acid–base outcome.

I.  DEVELOPMENT OF ACIDEMIA WITH 
RECURRENT DECELERATIONS OVER TIME
There are four common assumptions about FHR patterns and the progression of these patterns 
that are in clinical usage for term fetuses during labor:

1.	 Moderate (normal) FHR variability is associated with the absence of acidemia and the birth 
of a nondepressed (vigorous) neonate.

2.	 Minimal or undetectable FHR variability in the presence of recurrent late decelerations or 
variable decelerations is associated with the presence of acidemia and/or a depressed neonate.

3.	 The depth of decelerations is positively related to the degree of fetal or newborn acidemia 
and/or neonatal depression.

4.	 In the presence of recurrent and progressive decelerations in a fetus without an a priori 
increased risk for developing acidemia, and the absence of catastrophic events, the develop-
ment of clinically significant acidemia evolves over a period of time.

This chapter presents the findings of a research group that reviewed the literature published 
between 1967 and 2003 to determine if FHR patterns are related to fetal acidemia and/or Apgar 
scores, and to support or refute the above four assumptions.8 Subsequently published research is 
also presented.

Chapter

8
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134	 part iv Nomenclature and Interpretation

The four themes related to FHR monitoring are all supported by the evidence, though not always 
with high predictive value. Most of the studies identified that evaluated FHR patterns and newborn 
indices of acidemia were judged to be grade III evidence (observational and uncontrolled studies) 
using the U.S. Preventive Services task force criteria, although two were case-control studies  
(grade II).9 However, within each hypothesis, the relevant studies came to similar conclusions, 
which tends to strengthen the quality of the evidence. A further strength is that much of the data 
were gathered before widespread intervention began.

These four themes have a number of limitations. First, the older studies that observed 
“abnormal” FHR patterns over a period of time generally used a pH of less than 7.15 or less than 
7.2 for the definition of acidemia. In a number of cases, umbilical blood gasses were not available 
so an Apgar score of less than 7 at 5 minutes was used as a surrogate for metabolic acidemia. None-
theless, subsequent work has largely supported these themes and they have been used to inform 
the development of interpretation and management classification systems.10-14

A.  The Relationship Between Moderate Fetal Heart Rate 
Variability and the Nonacidemic Vigorous Neonate
Within the 50 studies that met inclusion criteria for the original analysis, five publications cor-
related moderate FHR variability, with or without decelerations or bradycardia to acid–base status 
determined via fetal scalp samples, newborn cord blood gases, or Apgar scores (where blood gases 
were not available).15-19 The FHR tracings were examined in the last 30 minutes before delivery, or 
when the fetal blood samples were obtained.

A total of 1551 fetuses or newborns were included in these studies. Of these, 1518 were either 
nonacidemic, with pH greater than 7.15 or a 5-minute Apgar score higher than 7, depending on the 
endpoint used by the authors. Thus, 98% of the fetuses with moderate FHR variability, whether or 
not there were decelerations or a bradycardia present, were either nonacidemic or vigorous at birth.

Subsequently published studies have validated these findings. Samueloff et al. evaluated a cohort 
of 1968 consecutive intrapartum FHR tracings and found that the presence of moderate variability 
had greater than 99% negative predictive value for adverse outcome, defined as 5-minute Apgar 
score less than 7, and greater than 85% negative predictive value for umbilical arterial blood pH 
less than 7.2.20 In a further publication from the same group, of 2200 consecutive deliveries, fetuses 
that had either a normal FHR tracing, mild variable decelerations, decreased FHR variability with-
out concomitant decelerations, mild bradycardia, or accelerations present, in the last 30-minute 
segment before delivery, had an Apgar score of 7 or higher in 99.7% of cases, and umbilical arterial 
cord pH 7.15 or higher in 96.9% of cases.21 Williams and Galerneau, in a study of 488 term FHR 
tracings that included 2 hours before delivery and at least part of the last 30 minutes, found that the 
fetuses with moderate variability, even if late or variable decelerations were present, had a cord pH 
of 7.0 or higher in more than 97% of cases.22

These correlations are impressive and have been consistently demonstrated in additional studies 
from different populations.6,23,24 The presence of moderate FHR variability, even in the presence 
of decelerations, is highly associated with the absence of clinically significant fetal or newborn 
acidemia. The 98% association should be considered a minimal value, and the actual predictive 
value may be somewhat higher. This is because the FHR tracing was not always available in the last 
minutes before the birth and subsequent acute events after the monitor was removed might have 
resulted in newborn acidemia. Also in some cases, the acidemia reflected by a low umbilical artery 
pH may be respiratory rather than metabolic, and newborns with respiratory acidemia only gener-
ally do not have significant morbidity.25,26 A further reason for lack of a higher correlation might 
be that there are degrees of metabolic acidemia in the fetus that reflect maternal acidemia, and not 
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Chapter 8  The Relationship Between Fetal Heart Rate Patterns and Fetal or Newborn Acidemia 135

intrinsic anaerobic metabolism within the fetus. It is not possible to determine the influence of this 
potential limitation without concomitant maternal acid–base values.

B.  The Relationship Between Minimal or Undetectable Fetal 
Heart Rate Variability in the Presence of Recurrent Decelerations, 
and Fetal Acidemia and/or a Depressed Neonate
Minimal or absent variability without concomitant decelerations does not predict the presence 
or absence of newborn acidemia. Similarly, although multiple studies have shown a relationship 
between recurrent late or variable decelerations and lower umbilical cord pH values, decelerations 
alone are not predictive of outcome.7,15,16,27

Eight studies that included a total a 588 FHR tracings with minimal or absent variability and 
recurrent late or variable decelerations found the combination of decelerations and reduced vari-
ability to be related to fetal acidemia or adverse newborn outcomes.15-18,23,28-30 It was not always 
possible to clearly distinguish between absent or minimal variability in the published data because 
these two categories of FHR variability were often grouped together in individual studies. In this 
combined series of studies, 137 patients had fetuses or newborns with a pH less than 7.2, or a base 
excess less than –12 mEq/L in fetal blood, or a 5-minute Apgar score of less than 7. Thus, approxi-
mately 23% of the newborns in this series with reduced FHR variability and recurrent decelera-
tions had fetal acidemia or newborn depression.

In the subsequent series of tracings of 488 term fetuses with linked umbilical cord blood gas val-
ues analyzed by Williams and Galerneau, 31% had an umbilical artery pH 7.0 or less when the FHR 
variability was minimal or absent in the last hour before delivery.22 In those with decreased FHR 
variability and late decelerations, 24% had pH of 7.0 or less; in those with decreased FHR variability 
and variable decelerations, 13% had a pH of 7.0 or less. Base excess in the same study group was less 
than –16 mEq/L in 32% with decreased FHR variability and late decelerations, 13% of those with 
decreased FHR variability and variable decelerations, and 38.5% in those with minimal or absent 
variability for an hour before delivery.22 Sameshima and Ikenoue found similar results in an analysis 
of nonrecurrent and recurrent late decelerations in the last hour before birth (n = 301 out of a large 
population of women who were low risk for fetal acidemia on admission [n = 5546]). The positive 
predictive value for a pH less than 7.1 was 12% for late decelerations with moderate variability and 
53% for late decelerations with variability that was less than 5 bpm variation.6

Further support for an association between minimal or absent FHR variability with 
decelerations and newborn complications has become evident in case-control and cohort 
studies of term newborns with umbilical artery pH less than 7.0 and/or base deficit less than 
–12 mEq/L or less than –16 mEq/L. The majority of newborns with metabolic acidemia at  
birth had an FHR tracing prior to birth that exhibited minimal or absent variability with recur-
rent decelerations.3,5,23,31,32

In summary, although it is generally accepted that there is an association between acidemia 
and minimal or undetectable FHR variability in the presence of decelerations, the overall correla-
tion was only 23% in this analysis.15-18,23,28-30 With absent, as opposed to minimal FHR variability 
and severe decelerations, the association is probably much higher.16 The lower correlation with 
simply reduced FHR variability may be secondary to a number of factors. First the cases with 
minimal variability and recurrent decelerations may reflect cases in which the fetus is transition-
ing from physiologic compensation to decompensation due to asphyxia. Second, the studies that 
evaluated these tracings did so for varying periods of time. The association may also be diluted 
due to different timeframes before intervention occurred. Those studies that evaluated these FHR 
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136	 part iv Nomenclature and Interpretation

patterns for varying periods of time found a stronger correlation with longer time frames.5,33 The 
true relationship would ideally need confirmation from a large prospective unselected series. 
However, the ability of investigators to accumulate such cases will be limited, as most clinicians 
will intervene rather than tolerate such patterns.

Despite strong evidence that reduced FHR variability and recurrent decelerations in the last hour 
before birth indicate a significant risk for newborn acidemia, many nonacidemic newborns also 
have combinations of these FHR patterns prior to birth. Thus, the predictive power of these FHR 
patterns is not high.6,31,34 Case-control studies that compared the incidence of reduced variability, 
late or variable decelerations, and prolonged decelerations in infants with and without metabolic 
acidosis at birth have found higher incidences of these FHR patterns in the infants with  
metabolic acidemia.3,5,6,22,23,31,32,34 The incidence of these FHR patterns increases as the severity of 
metabolic acidemia increases. However, the range of sensitivity is 7.7% to 29%, specificity is 93% to 
98.9%, the positive predictive power is 2.6% to 53%, and negative predictive is 88.6% to 99.5%.6,31,34 
Although the positive predictive value of these particular FHR patterns for fetal acidemia is low, 
the association is high enough, particularly if there is potential for brain morbidity that interven-
tion is recommended.12-14 Thus, intervention for these patterns becomes a decision involved with 
risk tolerance for individuals, rather than strict scientific certainty.

C.  The Relationship of the Depth of Decelerations to the Severity 
of Acidemia and/or Neonatal Depression
It is commonly accepted clinically that the deeper the decelerations the greater the likelihood 
of acidemia and/or depression. Three older studies with a total of 703 patients contain informa-
tion addressing this subject.16,27,30 The FHR deceleration patterns had variable degrees of FHR 
variability, not always stated. Severe late decelerations (defined as the nadir > 45 bpm) were as-
sociated with a pH less than 7.15, or an Apgar score less than 7 at 5 minutes in 35 of 55 (64%) 
cases, whereas only 3/199 (3%) of cases with mild late decelerations (defined as the nadir < 15 bpm 
below the baseline) were associated with only a pH of less than 7.15. In the cases where there  
was reduced FHR variability and severe late decelerations, all of 28 cases (100%) had a pH of 
less than 7.15. With reduced variability and mild late decelerations none of 33 were acidemic  
(Table 8-1).8 Severe variable decelerations were associated with fetal acidemia or low 5-minute 
Apgar scores in 22/201 (11%) patients in this series whereas mild variable decelerations were as-
sociated with fetal acidemia or low 5-minute Apgar score in only 10/287 (3%) cases (Table 8-1). 
Subsequent studies have also demonstrated the positive relationship between severity of decel-
eration and lower pH values.6

FHR Variability Not Stated Reduced FHR Variability
Severe Mild Severe Mild

Late decelerations 64% (35/55) 3% (3/119) 100% (28/28) 0% (0/33)
Variable decelerations 11% (22/201) 3% (10/287)

Data from Paul RH, Suidan AK, Yeh S, Schifrin BS, Hon EH. Clinical fetal monitoring. VII. The evaluation and significance of intrapartum baseline. 
FHR variability. Am J Obstet Gynecol. 1975;123:206-21016; Krebs HB, Petres RE, Dunn LJ, Jordaan HV, Sergeti A. Intrapartum fetal heart rate 
monitoring. I. Classification and prognosis of fetal heart rate patterns. Am J Obstet Gynecol. 1979;133:762-77217; Kubli FW, Hon EH, Khazin AF, 
Takemura H. Observations on heart rate and pH in the human fetus during labor. Am J Obstet Gynecol. 1969;104:1190-1206.27

Reproduced with permission from Parer JT, King TL, Flanders S, Fox M, Kilpatrick SJ. Fetal acidemia and electronic fetal heart rate patterns: is 
there evidence of an association? J Matern Fetal Neonatal Med. 2006:19:289-294.8 www.tandfonline.com.

Table 8-1  Association Between Depth of Decelerations and Acidemia  
(pH < 7.15) or Low 5-Minute Apgar Score (< 7)
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Chapter 8  The Relationship Between Fetal Heart Rate Patterns and Fetal or Newborn Acidemia 137

More recently, studies have used current technologies to more precisely measure the depth and 
duration of recurrent decelerations and have calculated the duration of time that an FHR is below 
thresholds of bpm before birth. These studies have concluded that the total deceleration area has 
the best predictive power for identifying newborn acidemia.7,35-37 This technique combines dura-
tion and severity into one measure. A small study by Tranquilli et al. correlated the total decelera-
tion area to umbilical artery pH values and found an umbilical artery pH of less than 7.1 following 
25 minutes of FHR of 80 bpm, 13 minutes for an FHR of 70 bpm, 8 minutes for an FHR of 60 bpm, 
6 minutes for an FHR of 50 bpm, and only 5 minutes for an FHR of 40 bpm. The positive predic-
tive value was 78.5% and the negative predictive value was 68.4%.37

D.  Time Course of Development of Significant Acidemia in the 
Presence of Decelerations When There Is an Initially Normal Fetal 
Heart Rate Pattern and Absence of Catastrophic Events
Three studies were found that analyzed the time from onset of decelerations to fetal or newborn 
acidemia. In a study of term fetuses with an initially normal FHR tracing and normal scalp blood 
pH, but who subsequently developed an “abnormal” tracing based on a scoring system, it was 
found that the fetuses remained nonacidemic (scalp blood pH > 7.25), for at least 90 minutes of the 
“abnormal” pattern. After this initial 90 minutes, the average time for 50% of the fetuses to develop 
acidemia was 115 minutes with recurrent late decelerations and 145 minutes with recurrent vari-
able decelerations.33

Low et al. showed that there was an approximately 1-hour window from the start of FHR 
patterns containing minimal baseline variability and late or prolonged decelerations, which 
preceded fetal asphyxial decompensation and newborn morbidity.38 In a case-control study of 
fetuses with umbilical artery pH less than 7.05, Ingemarsson et al. concluded that the 4-year 
follow-up developmental screening test was worse when a “pathologic” tracing lasted for more 
than 60 minutes.39

A more recent case-control study of infants with hypoxic ischemic encephalopathy (n = 35) 
assessed the timing of the onset of abnormal FHR patterns to outcome.40 These authors found 
that when the FHR pattern was normal on admission and declined gradually before delivery, 
the median duration between the development of the abnormal FHR pattern and delivery was 
145 minutes in all the infants who exhibited hypoxic ischemic changes. This study documents 
that in the absence of a sentinel event, acidemia develops over time during the course of labor. 
However, because this study was a case-control study in which all the infants were delivered 
with acidemia, it does not shed light on when the developing acidemia crossed the threshold 
that causes brain injury.

Overall, these studies support the concept that in the absence of catastrophic events, in a fetus with 
an initial normal FHR pattern, the development of significant acidemia in the presence of recurrent 
variant FHR patterns evolves over a significant period of time, of the order of at least 1 hour.

II.  FETAL HEART RATE PATTERN EVOLUTION
During labor, there are three ways the FHR pattern can develop abnormal characteristics: (1) most 
commonly, the FHR tracing is normal at the outset of labor and decelerations gradually develop 
over time; (2) when a sentinel event such as uterine prolapse or placental abruption occurs, the 
FHR may suddenly develop a terminal bradycardia; and (3) although not common, the fetus may 
experience an adverse event prior to labor and the FHR tracing on admission reveals abnormal 
characteristics. By far, the most common pattern is the one that develops over time.
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138	 part iv Nomenclature and Interpretation

Figure 8-1  Evolution of the FHR pattern as the fetus becomes acidemic.

Recurrent variable or late decelerations

Decelerations become deeper and longer in duration

Compensatory tachycardia

Variability decreases

Terminal bradycardia

A.  Fetal Heart Rate Pattern Evolution
To date, studies that have prospectively or retrospectively evaluated the relationship between 
FHR patterns and metabolic academia confirm the value of the four assumptions commonly 
used for interpreting FHR patterns in clinical practice. When this work is analyzed as a whole, 
the pattern of developing acidemia that is reflected in FHR changes becomes apparent. Acute ac-
idemia starts interruptions in fetal oxygenation and the occurrence of decelerations, e.g., late or 
variable. When the decelerations are unabated, the first evolutional change is decelerations be-
coming deeper and longer in duration. Tachycardia usually develops due to increase of sympa-
thetic stimulation such as increase of blood catecholamine level. The fetus cannot increase stroke 
volume to increase cardiac output. Therefore, a faster heart rate is the mechanism by which the 
fetus increases cardiac output to compensate for recurrent hypoxial events. FHR baseline  
variability begins to diminish indicating acidemic change when compensatory measures begin 
to fail. If the acidemia is not reversed, the heart rate decreases and ultimately a terminal brady-
cardia will occur (Figure 8-1 and Figure 8-2).41,42

It is important to remember that this pattern undoubtedly has variations. For example, this 
pattern progresses through each phase faster in a fetus with a preexisting chronic hypoxia as can 
occur in preeclampsia, or a fetus at increased risk for asphyxial damage for other reasons such as 
infection or prematurity. Similarly, the fetus exposed to tachysystole may not have an intercontrac-
tion interval of long enough duration to increase the heart rate and in this instance, the expected 
tachycardia may not develop before the variability decreases and a terminal bradycardia ensues.43 
However, this pattern should be taught to healthcare providers who manage women in labor and 
viewed as a trigger for close observation. This pattern includes consideration of the effect of dura-
tion and severity (deceleration index or area under the curve). Action should be taken when the 
variability becomes persistently minimal in the presence of worsening decelerations. The dose-
response relationship is sufficiently impressive to use at least tentatively as an indicator of the ac-
ceptability of this form of management.

B.  Abrupt Change: Sentinel Events and Fetal Heart Rate 
Bradycardia
In contrast to the slower development of fetal acidemia in the presence of deepening decelerations, 
tachycardia, and decreasing variability, fetal metabolic acidemia can develop very quickly when 
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A B

C D

E

Figure 8-2  Case of pattern evolution: G1 P0 at 40 6/7 gestational weeks. She had an unremarkable prenatal course and has had 
a normal labor course with the FHR between 140 and 150 bpm, moderate variability, and occasional variable decelerations. The 
second stage of labor was complicated by recurrent variable decelerations that gradually became deeper and more frequent. 
Cesarean section as performed after a 3-hour second stage. Cord gas values for pH/ CO2/O2/base excess were: umbilical artery 
6.82/114/14/–13 and umbilical vein 6.93/84/27/–8. The 1-, 5-, and 10-minute Apgar scores were 3, 7, and 8. The infant was 
transferred to the NICU for sepsis evaluation and head cooling.

the fetus sustains an acute bradycardia.44 Sudden bradycardia can be secondary to uterine rupture, 
placental abruption, cord prolapse, shoulder dystocia, maternal hypotension, amniotic fluid em-
bolism, vasa previa, and other causes. In general, if the FHR remains above 80 bpm, variability will 
be retained and both coronary and cerebral oxygenation will be preserved.45 In contrast, when the 
FHR falls below 80 bpm, the variability will diminish rapidly as a metabolic acidemia accumu-
lates. In this scenario, the fetus rapidly becomes unable to maintain circulation. Figure 8-3 and 
Figure 8-4 illustrate this concept.
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140	 part iv Nomenclature and Interpretation

Several authors have correlated the depth, duration, and presence or absence of variabil-
ity in acute bradycardias in relation to newborn acidemia.46-49 In a retrospective analysis of 
cases of uterine rupture, Leung et al. found none of the newborns in this series had significant 
metabolic acidemia when the bradycardia to birth time was less than 18 minutes if a normal 
FHR without decelerations preceded the bradycardia.46 However, when the bradycardia was 
preceded by recurrent decelerations, metabolic acidemia occurred as early as 10 minutes after 
the bradycardia started. Other authors have noted that a pH less than 7.0 occurs with increas-
ing frequency at approximately 10 minutes during a severe bradycardia associated with a 
sentinel event such as uterine rupture or placental abruption.47 Kamoshita et al. evaluated the 
effect of bradycardia to delivery time on newborn acidemia (n = 2267) and outcomes at 2 years 
of age from a population that included women who gave birth at the index hospital and those 
who were transported to the hospital from outlying settings. The episodes range from acute 
bradycardia without known etiology, placental abruption, uterine rupture and prolapsed cord. 
The cases were divided into three groups: (1) unfavorable outcome including cerebral palsy 
or death; (2) uncomplicated pregnancy and favorable newborn outcome; and (3) complicated 
pregnancy (e.g., preeclampsia, intrauterine growth restriction) and favorable outcome. All term 
infants had a favorable outcome if the bradycardia to delivery time was less than 25 minutes, 
whereas a bradycardia to delivery time that was more than 25 minutes was more likely to be as-
sociated with an adverse neonatal outcome (1 out of 15 vs 3 out of 4, respectively, P < 0.01).48 
In summary, although the optimal bradycardia to delivery time has not been fully determined, 
these studies of acute bradycardia have consistently identified depth and loss of variability as 
the strongest associations with subsequent newborn metabolic acidosis.

C.  The Initial Fetal Heart Rate Tracing with Abnormal 
Characteristics
Clearly evolutionary change from normal acid-base balance to fetal or newborn acidemia can 
be categorized into gradual/subacute change versus abrupt/acute change. In clinical practice, 
however, there are cases in which a sentinel event occurs prior to admission and the FHR trac-
ing on admission is reflective of the problem. For example, cases of placenta abruption can 

Figure 8-3  G1 P0 at term in spontaneous labor. Her medical history and prenatal course was unremarkable. The first stage of 
labor was normal with an FHR at 145 bpm, moderate variability, accelerations present, and occasional variable decelerations. 
Over the course of a 1.5 hour second stage, the FHR has continued to have a baseline of 140 bpm, moderate variability, and 
recurrent variable decelerations with a nadir of 100 bpm and duration of 40 seconds. The FHR dropped to between 60 and 
70 bpm with absent variability for 7 minutes prior to the birth. The umbilical cord gas values for pH/ CO2/base excess were: 
umbilical artery 6.88/112/–15 and the umbilical vein 6.91/99/–15. The 1- and 5-minute Apgar scores were 1 and 7 (with vigorous 
resuscitation). The infant was transferred to an NICU for head cooling.
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142	 part iv Nomenclature and Interpretation

manifest as severe bradycardia on admission. When the fetal acidemia has been so severe that 
fetal brain damage ensued and resulted in FHR changes such as decreased variability, one might 
observe the abnormal FHR pattern on admission. The clinical management of FHR patterns 
that are abnormal on admission is discussed further in Chapter 10.

III.  VARIANT FETAL HEART RATE PATTERNS 
AND TIMING OF ACIDEMIA
Although the relationship between FHR variability, recurrent decelerations, bradycardia, and fetal 
or newborn acidemia has been identified, most fetuses demonstrate a variety of different FHR pat-
terns over the course of labor. Thus, researchers conducting case-control studies of infants with 
abnormal neurologic findings at birth have identified FHR patterns associated with cerebral palsy, 
newborn seizures, and hypoxic ischemic encephalopathy. 3,5,6,22,23,31,32 The results of these studies 
are complementary and in whole, support the relationships defined in this chapter.

The categorization of Phelan and Ahn is useful in contemplating the timing of the asphyxial 
event that causes fetal brain injury. This work comes from the analysis of a registry of more 
than 300 brain-damaged infants in which the intrapartum courses and FHR patterns were 
known.32 In analyzing these FHR patterns Phelan and Ahn identified six patterns as noted in 
Table 8-2.

Figure 8-5 shows the estimation of timing and pattern of asphyxia causing brain damage 
according to the five different patterns of FHR evolution. The case of bradycardia on admission 

Group Description
Group 1 (Bradycardia on admission) Terminal FHR pattern such as severe prolonged deceleration, 

bradycardia, and recurrent severe deceleration with decreased 
variability, usually emergent delivery followed when this group of FHR 
patterns was identified; this pattern was found in 3% (n = 9) of cases

Group 2 (Persistent nonreassuring) Composed of nonreassuring admission tests that remained 
nonreassuring with or without FHR decelerations until delivery; 
this pattern was present in 45% (n = 135) of these cases, and was the 
most common FHR pattern identified in this cohort

Group 3 (Reassuring—abrupt change) Reassuring fetal admission test and later FHR abruptly changes such 
as prolonged deceleration or bradycardia are identified; a sudden 
catastrophic event occurs just before delivery; 20% (n = 61) of cases 
exhibited this pattern

Group 4 (Reassuring—gradual change) Phelan and Ahn called this the “Hon pattern,” which described 
reassuring fetal admission tests that evolved with recurrent late 
and/or variable decelerations, increasing baseline, and decreased 
variability followed by decreasing baseline rate and terminal 
bradycardia; Hon called “stair-step to death”; this pattern was the 
second most frequent and was present in 22% (n = 67) of the cases

Group 5 (Persistent reassuring) Reassuring admission test and the FHR remained within normal 
range during delivery; this pattern was present in 8% (n = 24) of  
the cases

Unclassified 1% (n = 4) of the cases had an FHR pattern that could not be classified

Based on Phelan JP, Ahn MO. Fetal heart rate observations in 300 term brain-damaged infants. J Matern Fetal Investig. 1998;8(1):1-5.32

Table 8-2  Classification of Fetal Heart Rate Patterns Prior to Birth in  
Brain-Damaged Infants
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Chapter 8  The Relationship Between Fetal Heart Rate Patterns and Fetal or Newborn Acidemia 143

(Group 1) is thought to be an event that occurred just hours before the admission. Placental abrup-
tion is the most common disorder that would result in this bradycardia group. Persistent nonreassur-
ing (Group 2) indicates causal events have occurred over a relatively long period such as days before 
admission. In the case of the reassuring then abrupt change group (Group 3), acute sentinel events 
such as cord prolapse and uterine rupture cause hypoxic-ischemic damage within 1 hour. The reas-
suring then gradual change (Group 4) suggests relatively subacute (usually more than 1 hour) stress 
affected the fetal brain causing hypoxic-ischemic encephalopathy over a period of time. In cases of 
persistent reassuring FHR patterns (Group 5), the causes of brain injury might have occurred ante-
natally, such as congenital brain anomaly, or in the neonatal period, as can occur following neonatal 
GBS infection. The very few cases that could not be placed into one of these five categories were 
placed into a final “Other” (Group 6) category.

IV.  CLINICAL IMPLICATIONS
The fact that acidemia develops over a reasonably long period of time, approximately 1 hour fol-
lowing the onset of recurrent FHR decelerations and the common FHR pattern evolution, is sup-
port for the practice of observing the FHR tracing over time to identify acidemia. Unless a sentinel 
event such as uterine rupture occurs, one has time for obstetric decision-making, attempts to ame-
liorate variant FHR patterns, and to institute appropriate intervention, i.e., delivery, before serious 
acidemia sufficient to damage the fetus has occurred. However, this raises the importance of the 
decision-delivery time, which may be vastly different in various institutions. The logistical realities 
of each individual labor and delivery suite will determine at what stage of the evolution of the FHR 
pattern intervention should occur.

These findings support the use of standard algorithms for management of FHR patterns, with 
the aim of avoiding metabolic acidemia and minimizing unnecessary obstetric intervention. 
Algorithms will decrease variability in practice50 while studies of the reliability and validity of FHR 
monitoring are ongoing, due to the almost universal use of monitoring in North America, and 
the diversity of clinical management schemas being used. We also believe that standardization of 
management is required even while awaiting agreement with regard to the results of trials of ancil-
lary techniques, such as computerized decision support tools, because of the substantial lag time 
that often accompanies the clinical acceptance or rejection of new obstetric technologies, even 
after the publication of results of randomized control trials.51

Figure 8-5  Estimated timing and pattern of asphyxia causing brain damage according to each 5 different FHR evolution patterns.
Data from Phelan JP, Ahn MO. Fetal heart rate observations in 300 term brain-damaged infants. J Matern Fetal Investig. 1998;8(1):1-5.32
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144	 part iv Nomenclature and Interpretation

Once algorithms based on reasonable evidence have been formulated, they should then be sub-
jected to prospective examination by appropriately designed trials. This would then allow a much 
more rational usage of FHR monitoring in contemporary obstetric practice. One such algorithm 
forms the basis of the next chapter.

References
1.	 Low JA, Intrapartum fetal asphyxia: definition, diagnosis and classification. Am J Obstet Gynecol. 

1997;176(5):957-959.
2.	 American College of Obstetricians and Gynecologists. Neonatal Encephalopathy and Neurologic 

Outcome. Report of the American College of Obstetricians and Gynecologists Task Force on Neonatal 
Encephalopathy. 2nd ed. Washington, DC: ACOG; 2014.

3.	 Graham EM, Ruis KA, Hartman AL, Northington FJ, Fox HE. A systematic review of the role of 
intrapartum hypoxia-ischemia in the causation of neonatal encephalopathy. Am J Obstet Gynecol. 
2008;199(6):587-595.

4.	 Morgan JL, Casey BM, Bloom SL, McIntire DD, Leveno KJ. Metabolic acidemia in live births at 
35 weeks of gestation or greater. Obstet Gynecol. August 2015;126(2):279-283.

5.	 Jackson M, Holmgren CM, Esplin MS, Henry E, Varner MW. Frequency of fetal heart rate catego-
ries and short-term neonatal outcome. Obstet Gynecol. 2011;118:803-808.

6.	 Sameshima H, Ikenoue T. Predictive value of late decelerations for fetal acidemia in unselective 
low-risk pregnancies. Am J Perinatol. 2005;22:19-23.

7.	 Cahill AG, Roehl KA, Odibo AO, Macones GA. Association and prediction of neonatal acidemia. 
Am J Obstet Gynecol. 2012;207:206.e1-206.e8.

8.	 Parer JT, King TL, Flanders S, Fox M, Kilpatrick SJ. Fetal acidemia and electronic fetal heart rate 
patterns: is there evidence of an association? J Matern Fetal Neonatal Med. 2006;19:289-294.

9.	 United States Preventive Services Task Force. Guide to Clinical Preventive Services. Report of the 
U.S. Preventive Services Task Force. 2nd ed. Baltimore, MD: Williams and Wilkins; 1996.

10.	 Parer JT, Ikeda T. A framework for standardized management of intrapartum fetal heart rate pat-
terns. Am J Obstet Gynecol. 2007;197:26e.1-26.e6.

11.	 Okai T, Ikeda T, Kawarabayashi T, et al.; Perinatology Committee of the Japan Society of Obstet-
rics and Gynecology. Intrapartum management guidelines based on fetal heart rate pattern clas-
sification. J Obstet Gynaecol Res. 2010;36(5):925-928.

12.	 Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008 National Institute of Child 
Health and Human Development Research Workshop report on electronic fetal heart rate moni-
toring. Obstet Gynecol. 2008;112:661-666; JOGNN. 2008;37:510-515.

13.	 Ayres-de-Campos D, Spong CY, Chandraharan E; FIGO Intrapartum Fetal Monitoring Expert 
Consensus Panel. FIGO consensus guidelines on intrapartum fetal monitoring: cardiotocography. 
Int J Gynaecol Obstet. 2015;131(1):13-24.

14.	 American College of Obstetricians and Gynecologists. Practice Bulletin No. 116: management of 
intrapartum fetal heart rate tracings. Obstet Gynecol. 2010;116:1232-1240.

15.	 Beard RW, Filshie GM, Knight CA, Roberts GM. The significance of the changes in the continuous 
fetal heart rate in the first stage of labour. J Obstet Gynaecol Br Commonw. 1971;78:865-881.

16.	 Paul RH, Suidan AK, Yeh S, Schifrin BS, Hon EH. Clinical fetal monitoring. VII. The evaluation 
and significance of intrapartum baseline. FHR variability. Am J Obstet Gynecol. 1975;123: 
206-210.

17.	 Krebs HB, Petres RE, Dunn LJ, Jordaan HV, Sergeti A. Intrapartum fetal heart rate monitoring. 
I. Classification and prognosis of fetal heart rate patterns. Am J Obstet Gynecol. 1979;133:762-772.

18.	 Clark SL, Gimovsky ML, Miller FC. The scalp stimulation test: a clinical alternative to fetal scalp 
blood sampling. Am J Obstet Gynecol. 1984;148:274-277.

9781284090338_CH08.indd   144 18/03/17   7:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



Chapter 8  The Relationship Between Fetal Heart Rate Patterns and Fetal or Newborn Acidemia 145

19.	 Elimian A, Figueroa R, Tjani N. Intrapartum assessment of fetal well-being. A comparison of 
scalp stimulation with scalp blood pH sampling. Obstet Gynecol. 1997;89:373-376.

20.	 Samueloff A, Langer O, Berkus M, Field N, Xenakis E, Ridgway L. Is fetal heart rate variability a 
good predictor of fetal outcome? Acta Obstet Gynecol Scand. 1994;73:39-44.

21.	 Berkus MD, Langer O, Samueloff A, Xenakis EMJ, Field NT. Electronic fetal monitoring: what’s 
reassuring? Acta Obstet Gynecol Scand. 1999;78:15-21.

22.	 Williams KP, Galerneau F. Intrapartum fetal heart rate patterns in the prediction of neonatal aca-
demia. Am J Obstet Gynecol. 2003;188:820-823.

23.	 Dellinger EH, Boehm FH, Crane MM. Electronic fetal heart rate monitoring: early neona-
tal outcomes associated with normal rate, fetal stress, and fetal distress. Am J Obstet Gynecol. 
2000;182:214-220.

24.	 Holzmann M, Wretler S, Cnattingius S, Nordström L. Cardiotocography patterns and risk of 
intrapartum fetal acidemia. J Perinat Med. 2015;43(4):473-479.

25.	 Goldaber KG, Gilstrap LC 3rd, Leveno KJ, Dax JS, McIntire DD. Pathologic fetal acidemia. Obstet 
Gynecol. 1991;78:1103-1108.

26.	 Malin GL, Morris RK, Khan KS. Strength of association between umbilical cord pH and perinatal 
and long term outcomes: systematic review and meta-analysis. BMJ. May 13, 2010;340:c1471.

27.	 Kubli FW, Hon EH, Khazin AF, Takemura H. Observations on heart rate and pH in the human 
fetus during labor. Am J Obstet Gynecol. 1969;104:1190-1206.

28.	 Wood C, Ferguson R, Leeton J, Newman W, Walker A. Fetal heart rate and acid–base status in the 
assessment of fetal hypoxia. Am J Obstet Gynecol. 1967;98:62-70.

29.	 Gull I, Jaffa AJ, Oren M, Grisaru D, Peyser MR, Lessing JB. Acid accumulation during end-stage 
bradycardia in term fetuses: how long is too long? Brit J Obstet Gynaecol. 1996;103:1096-1101.

30.	 Krebs HB, Petres RE, Dunn LJ. Intrapartum fetal heart rate monitoring. VIII. Atypical variable 
decelerations. Am J Obstet Gynecol. 1983;145:297-305.

31.	 Low JA, Victory R, Derrick EJ. Predictive value of electronic fetal monitoring for intrapartum fetal 
asphyxia with metabolic acidosis. Obstet Gynecol. 1999;93:285-291.

32.	 Phelan JP, Ahn MO. Fetal heart rate observations in 300 term brain-damaged infants. J Matern 
Fetal Investig. 1998;8(1):1-5.

33.	 Fleischer A, Schulman H, Jagani N, Mitchell J, Randolph G. The development of fetal acidosis in 
the presence of an abnormal fetal heart rate tracing. I. The average for gestational age fetus. Am J 
Obstet. 1982;144:55-60.

34.	 Larma JD, Silva AM, Holcroft CJ, Thompson RE, Donohue PK, Graham EM. Intrapartum electronic 
fetal heart rate monitoring and the identification of metabolic acidosis and hypoxic-ischemic 
encephalopathy. Am J Obstet Gynecol. 2007;197(3):301.e1-301.e8.

35.	 Giannubilo SR, Buscicchio G, Gentilucci L, Palla GP, Tranquilli AL. Deceleration area of fetal 
heart rate trace and fetal acidemia at delivery: a case-control study. J Matern Fetal Neonatal Med. 
2007;20(2):141-144.

36.	 Hamilton E, Warrick P, O’Keeffe D. Variable decelerations: do size and shape matter? J Matern 
Fetal Neonatal Med. 2012;25(6):648-653.

37.	 Tranquilli AL, Biagini A, Greco P, Di Tommaso M, Giannubilo SR. The correlation between fetal 
bradycardia area in the second stage of labor and acidemia at birth. J Matern Fetal Neonatal Med. 
2013;26(14):1425-1429.

38.	 Low JA, Galbraith RS, Muir DW, Killen HL, Pater EA, Karchmar EJ. Factors associated with 
motor and cognitive deficits in children after intrapartum fetal hypoxia. Am J Obstet Gynecol. 
1982;148:533-539.

39.	 Ingemarsson I, Herbst A, Thorgren-Jerneck K. Long term outcome after umbilical artery acide-
mia at term birth: influence of gender and fetal heart rate abnormalities. Br J Obstet Gynaecol. 
1997;104:1123-1127.

9781284090338_CH08.indd   145 18/03/17   7:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



146	 part iv Nomenclature and Interpretation

40.	 Murray DM, O’Riordan MN, Horgan R, Boylan G, Higgins JR, Ryan CA. Fetal heart rate patterns 
in neonatal hypoxic-ischemic encephalopathy: relationship with early cerebral activity and neuro-
developmental outcome. Am J Perinatol. 2009;26(8):605-612.

41.	 King TL. Preventing primary cesarean sections: intrapartum care. Semin Perinatol. 2012;36(5): 
357-364.

42.	 Vintzileos AM, Smulian JC. Decelerations, tachycardia, and decreased variability: have we over-
looked the significance of longitudinal fetal heart rate changes for detecting intrapartum fetal 
hypoxia? Am J Obstet Gynecol. 2016;215(3):261-264.

43.	 Ugwumadu A. Understanding cardiographic patterns associated with intrapartum fetal hypoxia 
and neurologic injury. Best Prac Research Clin Obstet Gynecol. 2013;27:509-536.

44.	 Ross MG, Gala R. Use of umbilical artery base excess: algorithm for the timing of hypoxic injury. 
Am J Obstet Gynecol. 2002;187:1-9.

45.	 Takano Y, Furukawa S, Ohashi M, Michikata K, Sameshima H, Ikenoue T. Fetal heart rate patterns 
related to neonatal brain damage and neonatal death in placental abruption. J Obstet Gynecol. 
2013;39(1):61-66.

46.	 Leung AS, Leung EK, Paul RH. Uterine rupture after previous cesarean delivery: maternal and 
fetal consequences. Am J Obstet Gynecol. 1993;169:945-950.

47.	 Leung TY, Chung PW, Rogers MS, Sahota DS, Lao TT, Hung Chung TK. Urgent cesarean delivery 
for fetal bradycardia. Obstet Gynecol. 2009;114(5):1023-1038.

48.	 Williams KP, Galerneau F. Fetal heart rate parameters predictive of neonatal outcome in the pres-
ence of a prolonged deceleration. Obstet Gynecol. 2002;100:951-954.

49.	 Kamoshita E, Amano K, Kanai Y, et al. Effect of the interval between onset of sustained fetal bra-
dycardia and cesarean delivery on long-term neonatal neurologic progress. Int J Obstet Gynecol. 
2010;111:23-27.

50.	 Pettker CM, Thung SF, Raab CA, et al. A comprehensive obstetrics patient safety program 
improves safety climate and culture. Am J Obstet Gynecol. 2011;204(3):216.e1-216.e6.

51.	 Parer JT. Obstetrical technologies: what determines clinical acceptance or rejection of results of 
randomized controlled trials (RCTs)? Am J Obstet Gynecol. 2003;188:1622-1625.

9781284090338_CH08.indd   146 18/03/17   7:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION.

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION




