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Dysfunctional labor and delivery: adverse effects
on offspring

Emanuel A. Friedman, MD, Med ScD; Wayne R. Cohen, MD
There is no doubt that parturition can produce fetal and neonatal adversity, but the
frequency with which this occurs is uncertain, particularly in modern healthcare settings.
Moreover, there is a paucity of recent studies in this area. Substantial challenges impede
epidemiologic study of the effect of parturition on offspring. Randomized trials would be
ethically fraught. Therefore, large observational samples with detailed data concerning
labor and delivery events are needed. Importantly, long-term follow-up of infants is
necessary to reach reliable conclusions. Few such data sets exist, and it is difficult,
expensive, and time-consuming to create and to study them. Reports of immediate
newborn condition in relation to the antecedent labor are helpful, but this evidence is an
imperfect predictor of long-term neurologic status. In this review, we endeavor to
summarize existing information about the relationship between objectively defined ab-
normalities of labor progress and long-term disability in offspring. The only data available
are from collected experiential information on outcomes stratified according to labor and
delivery events. Most studies do not ensure against confounding by the many concurrent
conditions that may affect outcome, or use inconsistent criteria to define abnormal labor.
According to the best available evidence, dysfunctional labor patterns are potentially
associated with poor outcomes for surviving infants. The question of whether these
adverse effects can be mitigated by early diagnosis and expeditious management de-
serves to be answered, but cannot be at this time. In the absence of more conclusive
results from well-designed studies, we can conclude that the best interests of offspring
are served by adhering to evidence-based paradigms for the prompt identification and
treatment of dysfunctional labor patterns.

Key words: arrest disorders, brain damage, dysfunctional labor, labor, National
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Introduction
A question of principal importance in
guiding our approach to intrapartum care
is whether labor, particularly dysfunc-
tional labor, can affect the long-term
health of progeny. If being born after an
abnormal labor, especially if prolonged
and neglected, does confer risk, then
prompt diagnosis and evidence-based
management of abnormal labor is of
consequence for the fetus and newborn,
and discussions about how best to
recognize and codify dysfunctional labor
are critical and urgently needed.Maternal
considerations are obviously important to
investigate as well, but we limit ourselves
here to the impact of labor on offspring.

There is no doubt that parturition can
produce fetal and neonatal adversity; the
perinatal injury engendered by pro-
longed and neglected labor that can
occur in the nonindustrialized world,
where there is often poor access to
medical care, offers convincing testi-
mony to this fact.1e3 However, whether
labor and delivery that occurs in the
context of informed surveillance by
trained health professionals is associated
with enduring fetal injury is another
matter, and not one readily resolved. In
this review, we use an epidemiologic
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perspective to examine how exposure to
dysfunctional labor may influence short-
and long-term outcome in offspring.
Our goal is to summarize available in-
formation and stimulate the need for
further research in this regard.

Investigative challenges
There are evident and formidable chal-
lenges involved in epidemiologic inves-
tigation of the effect of the birth process
on human offspring. Long-term ran-
domized trials would be difficult because
of ethical constraints. Large observa-
tional samples with meticulously
collected data concerning labor and de-
livery events and long-term follow-up of
infants would be necessary to reach solid
conclusions. Few such data sets exist,
and it is difficult, expensive, and time-
consuming to create and to study them.
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Reports of immediate newborn con-
dition in relation to the antecedent labor
(mortality, Apgar scores, cord blood pH
or base excess, seizures, etc.) are plentiful
and helpful; however, these measures are
imperfect predictors of long-term
neurologic health.4e7 Even when chil-
dren or adults are available for evalua-
tion, it is uncertain what the best
diagnostic tools are to identify disability
with a perinatal source. In addition,
many social and environmental factors
influence performance on psychometric
and neurologic tests, and differences
found many years after birth may reflect
exposures and interventions that have
positively or negatively influenced in-
juries sustained during labor. Socioeco-
nomic status, educational achievement,
race, medical comorbidities, and other
factors can influence test performance.
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To make matters more challenging, the
brains of newborns may express great
plasticity.8 Some may have considerable
power to heal or to compensate for
injury; others may not. As a consequence
of these many potential sources of
misinterpretation, study conclusions
that derive from analyses that did not
consider the influence of various con-
founding factors must be viewed with
circumspection.

The proportion of long-term neuro-
logic disability attributable to labor and
delivery events is uncertain. Although
most disabling fetal injuries probably
accrue to the fetus during intrauterine
life before labor, a substantial proportion
is attributable to problems encountered
in labor or at delivery,9,10 especially
hypoxia and physical trauma.9e13 Other
factors, including infections and expo-
sure to toxins can play a role. These
provocations could be additive, permis-
sive, or even synergistic.

The commonality in the etiology of
most permanent central nervous system
injury is probably brain ischemia. This
may be the consequence of severe sys-
temic fetal oxygen deprivation that cau-
ses hypotension and cardiac dysfunction,
or it may occur from excessive mechan-
ical force exerted on the fetal head.
Excessive head compression can prob-
ably produce intracranial pressure suffi-
ciently high to compromise brain
perfusion.14e16 In addition, it may cause
stretches or tears of the vessels and sup-
porting tissues of the brain.17 The
resulting intracranial hemorrhage can be
destructive. Unfortunately, we have no
objective clinical means to identify
potentially deleterious extremes of skull
compression or molding during labor.

There has been an understandable
paucity of recent studies in this area.
Therefore, the onlydata available are from
collected empirical observations on out-
comes stratified according to labor and
delivery events. The investigations on
which most such reports are based were
carried out principally without
cautionarymeasures having been taken to
ensure against confounding by the many
concurrent conditions that prevail among
the studied population samples, or they
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used inconsistent or vague criteria to
define abnormal labor. For example,
Roemer et al18 showed lower intelligence
quotient (IQ) scores and school perfor-
mance in children born after long labors
compared with their siblings born by ce-
sarean delivery without labor. These
findings were disputed by other in-
vestigators, who found no effect of de-
livery route on IQ after adjusting for
socioeconomic variables.19 In fact, the
conclusions of almost all of the research in
which labor progress or delivery mode
have been linked to long-term cognitive
andneurologic outcome suffer from these
flaws. An exception to these concerns
were the data derived from the National
Collaborative Perinatal Project (NCPP),
which took great pains to deal with
myriad potential confounders.20e22

The National Collaborative Perinatal
Project
TheNCPPwas sponsored by theNational
Institutes of Health in the United States.
Detailed datawere collected prospectively
by trained observers from a sample of
approximately 58,000 deliveries between
1958 and 1974 at 14 large academic and
hospital departments.20 Pertinent ana-
lyses focused on a group of nearly 18,000
term infants whose maternal records
contained sufficient documentation to
allow reconstruction of a meaningful
pattern of cervical dilatation and fetal
descent. Labor progress was categorized
according to the framework described by
Friedman.22e24 These data have been
analyzed exhaustively and include a
cohort of children followed for 7 years
after birth. The possible influence of
hundreds of potentially confounding
variables was studied using complex
multivariate regression analytics. In that
manner it was possible to evaluate the
contributions to outcome of maternal
demographics, antepartum complica-
tions, infections, drug use, maternal
comorbidities, andmany variables related
to intrapartum observations and events.
Although essentially unique in the thor-
ough follow-up of children born to study
mothers, legitimate questions about the
current validity of the NCPP results can
be raised, considering the substantial
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changes in obstetrical and neonatal care
that have occurred since the data were
collected, including the addition of elec-
tronic fetal heart rate monitoring to
obstetrical practice. Moreover, the rela-
tively low cesarean delivery rate at the
time made it difficult to determine how
resorting to cesarean delivery might have
altered outcomes. These reservations
notwithstanding, the NCPP data
demonstrate remarkably uniform re-
lations among several measures of
outcome (perinatal mortality; Apgar
scores; speech, language, and hearing
disabilities at age 3; IQs at 4 and 7 years)
vis-à-vis the events of labor and delivery.

The long and detailed follow-up of the
study infants makes the NCPP unlikely
to be replicated or improved upon in the
foreseeable future. Sophisticated statis-
tical techniques applied to the study data
allowed assessment of the specific effects
of numerous obstetrical practices and
their individual (and collective) contri-
butions to outcomes and the impact of
the labor process itself. The findings with
reference to the association of specific
labor disorders with outcome, at mini-
mum, should still be considered relevant
to current practice.

Prolonged latent phase
After a labor complicated by a prolonged
latent phase (PLP) (defined by Friedman
as>20 hours in a nullipara or>14 hours
in amultipara22e24),most infants dowell,
and this disorder was initially thought to
be innocuous.25,26 However, there is a
growing body of evidence indicating that
there is a significantly worse perinatal
outcome after labors complicated by a
PLP than after a normal labor pattern
when controlled for potentially con-
founding factors.27 Data from the NCPP
subjected to multivariate analysis showed
significantly increased relative risks (RR)
for stillbirth (RR, 2.43 for multiparas and
3.00 for nulliparas; P<.05), neonatal
depression (RR, 3.70 and 6.43; P<.001),
abnormal speech language and hearing at
3 years (RR, 1.28; P<.05), and low IQ
scores at 7 years of age (RR, 1.27 and 1.34;
P<.05).20 Similarly troubling results were
encountered by Chelmow et al,28

although they studied only short-term
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neonatal outcomes. They found a high
frequency of active-phase labor disorders
among parturientswithPLP (43%vs16%
in controls; P<.05). In addition, signifi-
cantly higher rates of neonatal depression
were encountered in this group (RR, 1.97;
95% confidence interval, 1.23e3.16).
Furthermore, the more the latent phase is
prolonged, the greater the risk of these
abnormal outcomes. Analogous results
were also found by other investigators.
For example,Maghoma andBuchmann29

found significantly higher rates of
oxytocin administration (62% vs 17%;
P<.0001), cesarean delivery (29% vs 6%;
P<.0001), and neonatal intensive care
unit admission (22%vs1%;P<.0001) in a
groupof 150 caseswith a long latent phase
compared with controls with a shorter
one.

Should this knowledge about the
possible adversity conferred by a PLPalter
our management of labors complicated
by it? The assumption that earlier inter-
vention to shorten the latent phase would
negate its potentially adverse effects has
never been studied. Moreover, the
mechanism by which a PLP would result
in neonatal adversity is not at all clear. It
may be that prolongation of this portion
of labor is a manifestation of some defect
in prelabor or early-labor cervical
remodeling or in the generation of uter-
ine contractility that continues to hamper
dilatation. That might explain the pro-
pensity of these labors to develop subse-
quent protraction or arrest disorders in
their active phase, but it does not shed
light on why they seem to be associated
with short- and long-term neonatal
problems. Given our considerable lack of
relevant knowledge about the causes and
consequences of PLP and the absence of
data from prospective trials, we recom-
mend adhering to the conservative
management regimen described
previously.22e24

This involves choosing between
oxytocin administration and providing
therapeutic rest with a dose of a narcotic
or ataractic agent. The former approach
is used most commonly today.27

Protraction disorders
In a protraction disorder, dilatation or
descent proceeds steadily, but at a rate
below the limit of normal, as defined by
the fifth percentile of the distribution of
active-phase dilatation rates.22e24 Several
kinds of analyses support the view that
both protracted active phase dilatation
and protracted descent are associated
with adverse fetal and neonatal outcomes.
Early studies found associated perinatal
mortality rates to be 3-fold higher
compared with normal labor, and poor
long-term outcomes to be more than
twice as frequent.26 The latter included
abnormalities of speech, language, or
hearing at age 3 and lower IQ scores at the
age of 7 years. To minimize confounding
and interactional effects on these obser-
vations, complex logistic regression
analyses of the NCPP database were
done, and the results support these con-
clusions. The RR for composite perina-
tal morbidity and mortality was 2.12
(P¼.005).20 Unfortunately, no recent
studies addressing this issue have been
published to provide further insights.
The question of whether these adverse

effects can bemitigated by early diagnosis
and expeditiousmanagement deserves to
be answered, but cannot be at this time.
Furthermore, it is not yet known if the
risks of adversity conferred by a pro-
traction disorder are proportional to its
duration, that is, if slower rates of cervi-
cal dilatation in the active phase or of
fetal descent in late labor are associated
with higher or long-term fetal and
neonatal morbidity and mortality. We
can only surmise that interventionmight
succeed in diminishing these deleterious
effects, but because many of these cases
are associated with cephalopelvic
disproportion and other factors,24 some
of the poor outcomes may reflect those
associations and related management
decisions rather than the protraction
disorder itself. It is regrettable that there
have been no more recent studies un-
dertaken to verify these findings in an era
when obstetrics is practiced with greater
attention to continuous fetal surveillance
and more expeditious intervention to
effect delivery thanwas the case when the
NCPP data were generated.

Arrest disorders
An arrest disorder occurs when, once la-
bor has entered the active phase,
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dilatation or descent ceases for 2 hours or
�1 hour among nulliparas and multi-
paras, respectively. Arrest patterns of la-
bor are useful clinical markers of
cephalopelvic disproportion.20e24 When
an arrest disorder is encountered, the
probability of a safe vaginal delivery is
reduced by approximately a half because
of the high likelihood that disproportion
exists.22 Accordingly, it is not unexpected
that these labor patterns would be asso-
ciated with adverse outcomes. This ap-
plies especially to situations in which
vaginal delivery is attempted without the
precaution of ensuring that the cepha-
lopelvic relations are favorable and the
prospects for safe vaginal delivery are
good. Thorough clinical cephalopelvim-
etry is especially important in this
regard.24

Increased rates of perinatal deaths
and morbidity in association with ar-
rest disorders were documented in the
NCPP.25,26,30 The RR of perinatal
deaths found in association with arrest
disorders of labor was 7.5, based on
an absolute rate of 36.6 per 1000, as
contrasted with 4.9 per 1000 after
normal labor progress. Correcting for
the type of delivery more than
doubled the RR to 15.7, although
absolute mortality was reduced by this
correction from 36.6 to 16.0 per 1000,
and the perinatal mortality after
normal labor is reduced even more to
1.5 per 1000.20,21 A later study26

showed even higher perinatal losses,
approximately 4 times more frequent
than those occurring after normal la-
bor patterns.

In parallel with the mortality risks,
several investigators found a strong
relationship between arrest patterns and
reduced performance on childhood
neurologic and cognitive testing.20,25,26

Nelson, who has opined that intra-
partum events have little or no adverse
effect on the fetus, has acknowledged
that arrest disorders are exceptions.31,32

A large caseecontrol study found
nearly 3 times the frequency of arrest of
labor progress among developmentally
abnormal children. Not unexpectedly, a
significantly increased frequency of for-
ceps procedures and cesarean delivery,
low Apgar scores, and need for intensive
American Journal of Obstetrics & Gynecology 3
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care and long-term neurologic follow-up
have also been reported following arrest
of dilatation.33,34

Of particular interest in this last cited
report is that stratification by delivery
method showed that vaginal delivery
after an arrest disorder magnified the
poor infant results, whereas cesarean
delivery diminished the impact attrib-
utable to the labor disorder. These ob-
servations contradict the notion that
avoiding cesarean delivery in the pres-
ence of an arrest disorder by undertaking
a potentially difficult vaginal delivery is
reasonable. However, they are not the
last word on the subject.

Contradictory results were reported
by Rosen et al.34,35 They found that the
frequency of neurologic abnormalities
did not differ significantly between
children born after arrest disorders and
controls after an average follow-up of 5
to 6 years. The cases came from a single
institution with standardized protocols
for labor management. Although these
findings seem reassuring, cases and
controls were not strictly matched for
factors that could contribute to subse-
quent injury. The most recent obser-
vational study to address this issue
found no association with the imme-
diate neonatal outcome in cases
complicated by arrest of dilatation
compared with controls. Unfortunately,
no data on long-term outcome were
presented, and the authors used a
definition of arrest disorder different
from that in most of the related
literature.36

When logistic analytical methods
were used to assess the impact of arrest
disorders while other factors were
taken into account simultaneously, the
adverse perinatal effect largely dis-
appeared.20 On the basis of these
findings, it could be surmised that
much of the fetal danger associated
with arrest disorders is subsumed by
other factors acting simultaneously.
These probably include uterotonic
stimulation, the presence of cepha-
lopelvic disproportion, and the timing
and type of delivery intervention taken
to address the labor problem. In
addition, the duration of the arrest
4 American Journal of Obstetrics & Gynecology M
pattern may play a critical role in this
regard, as evidenced by the correlation
between longer arrest periods and
more intense and prolonged adverse
effects. For example, neonatal death
rates increase progressively with dura-
tion of arrest of descent in nulliparas.
These findings indicate that delayed

diagnosis of an arrest disorder is detri-
mental to the fetus. The benefit of early
diagnosis presumably arose because
some form of evaluation was done to
rule out disproportion in cases in which
labor was allowed to continue. Alterna-
tively, disproportion was presumed to
exist by virtue of the presence of an arrest
disorder with or without other demon-
strable signs, and cesarean delivery was
then pursued. Operative delivery may
have averted any adverse consequences
from continuing the labor. Although
these data are strongly suggestive, the
notion of mitigating adverse effects of
arrest disorders by early diagnosis and
aggressive intervention is unsubstanti-
ated, lacking supportive data derived
from a reliable recent source, such as a
well-designed clinical study.
Other lines of evidence support the

association of abnormal labor with
adverse outcomes. In 1999, Towner
et al37 examined the frequency of
neonatal intracranial hemorrhage ac-
cording to delivery type in a sample of
more than half a million cases. They
found that instrumental delivery and
cesarean delivery done during labor were
associated with higher rates of neonatal
intracranial hemorrhage compared with
spontaneous vaginal delivery. The rate
among infants delivered by cesarean
delivery before labor was, however, not
elevated. Their analysis strongly impli-
cated abnormal labor—the reason for
most intrapartum operative deliveries—
as a common risk factor for neonatal
intracranial injury.

Associations
A proportion of demonstrable fetal
adversity associated with dysfunctional
labor is attributable to the mode of de-
livery and to factors that caused the
abnormal labor and theneed foroperative
delivery. Midforceps operations confer
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special risk to the fetus, especially when
used following protraction or arrest dis-
orders.20,25,26 Although the inference that
instrument-assisted vaginal delivery
could be related to direct traumatic brain
injury is understandable, it is less evident
how a dysfunctional labor itself could be
detrimental, especially if it eventuates in a
spontaneous delivery. A plausible mech-
anism is that excessive compression of the
head against an unyielding birth canal can
cause direct intracranial trauma or can
reduce brain perfusion, resulting in
ischemic damage.11 The direct relation-
ship between the duration of arrest dis-
orders and the risk of neurologic or
cognitive disability supports this hypoth-
esis and emphasizes the virtues of
prompt recognition and management of
abnormal labor progress. This is, howev-
er, a hypothesis that requires careful
testing.

Conclusions
Dysfunctional labor patterns, objec-
tively defined, are potentially associ-
ated with poor outcomes for surviving
infants. This adversity is influenced
substantially by the delivery method.
Certain kinds of potentially traumatic
instrumentation, such as difficult
midforceps procedures, will diminish
the potential for a good outcome. By
contrast, timely intervention by cesar-
ean delivery, when indicated, may be
beneficial by reducing the deleterious
effect of further abnormal labor pro-
gression. The obstetrical care provider
should be alert to the need to recog-
nize dysfunctional labor patterns early,
and to evaluate for associated or
etiologic conditions that threaten fetal
well-being. If such conditions are
found, atraumatic delivery should be
expedited.

It is not likely that the controversy
over the potential adverse effects of la-
bor will be resolved to everyone’s
complete satisfaction in the near future.
The issues are complex, and the
inability to isolate labor’s specific con-
tributions to outcome hinders inter-
pretation of most observational studies.
Moreover, it is possible that dysfunc-
tional labor may act as an adversary of
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good outcome only when other factors
are introduced (such as instrumental
delivery, prolonged and unrecognized
arrest or protraction disorder, incau-
tious use of oxytocin). It may be that
when complex or difficult instrumental
delivery is eschewed and dysfunctional
labor is managed according to uniform
and validated protocols, as is increas-
ingly the case today, risks are mini-
mized. This change in practice patterns
may explain why some contemporary
data make dysfunctional labor seem less
alarming than did earlier work. Wide-
spread use of labor curves to monitor
progress may have reduced the number
of dysfunctional labors that persist un-
recognized and ignored, and that ulti-
mately lead to fetal trauma. The failure
to recognize an aberrant labor pattern
and allowing it to persist, or under-
taking a potentially deleterious type
of delivery ostensibly to prevent harm,
may paradoxically result in fetal
trauma.

There are many more questions than
there are satisfying answers available in
this regard. One thing is certain: if we are
ever to answer compelling questions
about abnormal labor and its effects on
delivery outcome and long-term health,
it can only be done in the context of our
profession adopting a uniform system of
diagnosing and a common lexicon for
describing abnormal labor.23,24 Univer-
sal use of a standardized form of graphic
labor analysis and an agreed-upon
lexicon for defining abnormalities
would be a good step in better under-
standing the processes and consequences
of human labor and birth. We are in
urgent need of well-designed controlled
trials of diagnosis and treatment.

Highlights
� There is no doubt that parturition can

produce fetal and neonatal adversity,
but the frequency with which this
occurs is uncertain, particularly in
modern healthcare settings.

� Dysfunctional labor patterns, objec-
tively defined, are potentially associ-
ated with poor outcomes for
surviving infants. This adversity is
influenced substantially by the de-
livery method.
� The proportion of long-term neuro-
logic disability attributable to labor
and delivery is as yet uncertain. Most
handicapping fetal injuries probably
accrue during intrauterine life before
labor, but a substantial proportion are
attributable to problems encountered
in labor or at delivery.

� Most infants born after a prolonged
latent phase do well, but this disorder
is associated with significantly worse
perinatal outcome compared with
normal labor patterns.

� Both protracted active phase dilata-
tion and protracted descent are asso-
ciated with adverse fetal and neonatal
outcomes.Whether these unfavorable
effects can be mitigated by early
diagnosis and expeditious manage-
ment is not known.

� Increased rates of perinatal deaths and
childhood neurologic and cognitive
disability in association with arrest
disorders have been documented.

� The direct relationship between the
duration of arrest disorders and the
risk of neurologic or cognitive
disability indicates the importance of
prompt recognition and safe man-
agement of abnormal labor progress.

Research Questions
Further meaningful research in this area
is of great importance, but faces daunt-
ing challenges related to the need for
large sample sizes, a uniform system of
data collection and analysis, and long-
term neurocognitive follow-up of chil-
dren. A contemporary version of the
NCPP would be of enormous value, but
might prove prohibitively expensive.
Some questions could be answered with
narrowly directed randomized trials, but
these would also require many years of
follow-up evaluation. Well-designed
case-control studies addressing preg-
nancy, labor, and delivery events in
children with and without certain dis-
abilities could prove useful, but few
available data sets provide sufficiently
robust and accurate data on intrapartum
progress to be of value. It would be a
great benefit if some neonatal biomarker
(biochemical or imaging), would be
developed to reduce the need for long-
term evaluation. -
MONTH 2023
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