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Abstract: During labor mother and fetus are evaluated at
intervals to assess their well-being and determine how the
labor is progressing. These assessments require skillful
physical diagnosis and the ahility to translate the acquired
information into meaningful prognostic decision-making.
We describe a coordinated approach to the assessment of
labor. Graphing of serial measurements of cervical dilata-
tion and fetal station creates “labor curves,” which provide
diagnostic and prognostic information. Based on these
curves we recognize nine discrete labor abnormalities. Many
may be related to insufficient or disordered contractile
mechanisms. Several factors are strongly associated with
development of labor disorders, including cephalopelvic
disproportion, excess analgesia, fetal malpositions, intra-
uterine infection, and maternal obesity. Clinical cepha-
lopelvimetry involves assessing pelvic traits and predicting
their effects on labor. These observations must be integrated
with information derived from the labor curves. Exogenous
oxytocin is widely used. It has a high therapeutic index, but
is easily misused. Oxytocin treatment should be restricted to
situations in which its potential benefits clearly outweigh its
risks. This requires there be a documented labor dysfunction
or a legitimate medical reason to shorten the labor. Normal
labor and delivery pose little risk to a healthy fetus; but
dysfunctional labors, especially if stimulated excessively by
oxytocin or terminated by complex operative vaginal de-
livery, have the potential for considerable harm. Conscien-
tiously implemented, the approach to the evaluation of
labor outlined in this review will result in a reasonable ce-
sarean rate and minimize risks that may accrue from the
labor and delivery process.
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Introduction

Human labor and birth, extraordinary events refined by
evolution to have ably sustained our species over 200
millennia, are delicately programmed and awe-inspiring.
Their physiology and mechanics are so complex it is
remarkable that in most cases they occur smoothly and
without maternal or fetal adversity. Although many ad-
vances have been made in the last half-century to improve
obstetric care, there is still far to go to enhance our un-
derstanding of the process and to optimize outcomes.

Western childbirth practices have changed substan-
tially over the last century. Birthing has become primarily
hospital-based; safe anesthetic techniques are in wide-
spread use; synthetic oxytocin and electronic fetal heart rate
monitoring are employed in most labors; and rates of ce-
sarean delivery and labor induction have risen. The virtues
of these shifts in practice patterns are controversial, but they
serve to emphasize the importance of understanding the
ways in which changing patient expectations and practice
models affect our interpretation of labor progress.

In concert with most specialties, obstetric practice has
become increasingly dependent on biotechnologic in-
novations. The assessment of labor progress, however,
remains primarily an exercise in skillful physical diagnosis
coupled with the ability to translate the acquired infor-
mation into meaningful prognostic decision making [1].
This review, which focuses on labors of singleton term
pregnancies with cephalic presentations, addresses prac-
tical aspects of the assessment of labor that should be
mastered by all clinicians who assist women during birth.

Serial examination

During labor, mother and fetus are evaluated at intervals to
assess their well-being and to determine how the labor is
progressing. It is likely that a major benefit of prenatal care
is that it fosters bonds of communication and trust between
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clinician and patient that serve both well during labor,
particularly if complications arise that require difficult
decisions be made. The advent of laborists in many hos-
pitals has eliminated this advantage, as has the trend to
very large group practices. The relative advantages and
compromises associated with these new practice patterns
have yet to be ascertained.

The frequency of examinations during labor is dictated
by the extant circumstances. However, it is important to
note that supportive companionship and observation of
the parturient should be continuous. As such, it can be
expected to yield psychological and perhaps medical div-
idends [2, 3].

At each evaluation maternal physical and emotional
condition and needs are assessed. An appraisal of how well
the fetus is tolerating labor is made and the frequency and
intensity of uterine contractions is determined. The birth
canal is examined systematically, yielding considerable
pertinent information (Table 1). Cervical dilatation and
fetal station are noted. The aggregate of observations is
considered in relation to antecedent examinations. A
determination is made regarding the probability that, if
labor continues along its current trajectory, it will result in
a safe vaginal birth. Such predictions are based primarily
on objective data, but entail inferences about many inter-
acting variables that influence whether a labor will
advance and resolve normally.

The labor curves

Prior to the 1960s, decisions about the need to intervene in
a labor were based primarily on the experience-based
judgments of obstetricians and midwives. These often
involved notions of how long labor should persist before

Table 1: Evaluation of the fetus and birth canal (cephalopelvimetry).

Maternal features

- Cervical dilatation, effacement, consistency, and application to
the presenting part.

- Architectural characteristics of the bony pelvis

- Labor pattern (normal or dysfunctional progress)

Fetal features

—  Estimated weight

—  Presentation

- Position

- Degree of flexion (attitude)

- Synclitism

—  Degree of cranial molding

- Caput succedaneum

- Station (pattern of descent)
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fetal or maternal damage might ensue, notions that arose
from what we now know was a simplistic and inaccurate
knowledge base.

Labor progresses over time, and many attempts to
characterize and to quantitate this function in a clinically
meaningful way have been made [4]. The most enduring,
derived from the work of Friedman, describe how cervical
dilatation and fetal station change over time in labor [5, 6].
These graphic patterns (often called labor curves) have
served as the basis for all subsequent approaches to char-
acterize labor progress. To visualize the progressive change,
the attendant is best served by plotting them on simple
square-ruled graph paper (Figure 1) with time elapsed dur-
ing labor on the horizontal axis. Although other observa-
tions need to be considered, the pattern of change in
dilatation and station against time is the best indicator of
whether labor progress is normal. These graphic patterns
should be plotted in real time in every labor record as a
visual tool to facilitate recognition of abnormal progress
promptly and accurately.

The onset of labor can only be estimated. It may
generally be assumed to have begun when uncomfortable
uterine contractions regularize. Labor begins with a latent
phase, in which progress in dilatation and station is slow or
absent. Uterine contractions generally begin as infrequent
and mild in intensity. Mechanistically, the latent phase is a
time of preparation of the cervix for the more rapid dila-
tation and descent to come.

Through enzymatic hydrolysis of collagen, ground
substance modifications, and smooth muscle relaxation,
the cervix and lower uterine segment mature, i.e., they
soften and may begin to efface and dilate slowly. The
duration of the latent phase is inversely proportional to the
amount of cervical maturation that has occurred prior to
the initiation of labor [6]. That is, the more prelabor dila-
tation, the shorter the latent phase will be. When descent of
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Figure 1: Characteristic patterns of normal cervical dilatation and
fetal descent depicted graphically against elapsed time.
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the presenting part occurs in the latent phase, it is gener-
ally an accommodation to the development of a more
spacious and distensible lower uterine segment.

The energy of latent phase contractions is directed
primarily at the cervix and lower uterus. Once these tissues
have become sufficiently pliant, uterine contractions exert
a centrifugal force that dilates the cervix. Meanwhile, gap
junctions form between myometrial cells, affording low-
resistance pathways for coordinated electrophysiologic
communication throughout the uterus. When proper con-
ditions are achieved, the latent phase gives way to the
active phase of labor.

During active phase, dilatation becomes more rapid
and, after a brief period of acceleration in rate, the pattern
forms a straight line. As the cervix nears complete dilata-
tion, its progress appears to slow. This deceleration phase is
an artifact observed because the cervix is no longer open-
ing in the mother’s transverse plane, in which it is
measured. Rather, it is being pulled cephalad, i.e., parallel
to the mother’s long axis, along the outer boundary of the
fetal head toward full dilatation, at which time it reaches
the widest diameter of the head.

Fetal descent follows a pattern similar to that of dila-
tation (Figure 1). It has a latent phase with slow or absent
progress, paralleling the latent phase of the dilatation
process, but continuing well into the active phase of dila-
tation. Following this, descent begins to accelerate and
usually becomes progressively faster during the time when
dilatation has reached its maximum slope. By the time the
deceleration phase of dilatation begins, descent has
generally reached its maximum slope, and it progresses at
an even rate until it slows just prior to delivery when the
fetal head encounters resistance from the pelvic floor and
the perineum.

Once the graphic pattern of labor described by Fried-
man was verified in large samples, statistical limits of
normal and characteristic deviations from normal were
identified [1, 6]. As a consequence, we are able to recognize
nine discrete labor abnormalities (Table 2, Figure 2). Most
of these are various manifestations of slower than normal
or arrested progress in dilatation or descent. Two represent
excessively rapid rates of progress. The associated risk of
short-and long-term neurologic handicap and of obstetric
complications such as shoulder dystocia and the need for
cesarean delivery have been reported, as have the influ-
ence of factors such as maternal parity, age, obesity,
anesthetic and analgesic drugs and oxytocin on labor
progress [1, 6-11].

The specific causes of the various forms of dysfunc-
tional labor are not completely understood. Many may be

Cohen and Friedman: Evaluation of labor —— 243

Table 2: Dysfunctional labor patterns.

Disorders of dilatation

- Prolonged Latent Phase
—  Protracted active phase
—  Arrest of dilatation

- Prolonged deceleration phase
—  Precipitate dilatation
Disorders of descent

- Protracted descent
Arrest of descent
Failure of descent
Precipitate descent

Cervical dilatation (cm)
Fetal station (cm)

0 4 8 12 16 20 24 28 32
Time in labor (h)

Figure 2: Labor disorders that can be identified on the basis of
deviations from the expected normal duration, slopes and patterns
of the dilatation and descent curves are illustrated graphically.
(A) Prolonged latent phase; (B) Protracted dilatation; (C) Protracted
descent; (D) Arrest of dilatation; (E) Prolonged deceleration phase;
(F) Arrest of descent; (G) Failure of descent. By permission from
Cohen WR and Friedman EA in Kurjak A, Chervenak FA (eds) Textbook
of Perinatal Medicine, 2" edition. Informa UK, London, 2006:p1824.

related to insufficient or disordered contractility, but
changes in contractility could be either the cause or the
consequence of dysfunctional labor. For example, infec-
tion, hypoxia or cephalopelvic disproportion (CPD) might
trigger mechanisms we do not understand that signal the
uterus to reduce contractility. This in turn may protect the
fetus from oxygen deprivation or excess cranial compres-
sion. We do know that several factors are strongly associ-
ated with the development of protraction and arrest
disorders, including CPD, excess analgesia, fetal malpo-
sitions, intrauterine infection, and maternal obesity (Ta-
ble 3). When more than one disorder occurs in the same
labor, their effects are additive, or at least synergistic.
Management and significance of various labor progress
disorders are summarized in Table 4 and Figures 3 and 4.
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Table 3: Clinical associations of protraction and arrest disorders.

- Cephalopelvic disproportion

- Malposition

- Malpresentation

—  Excess maternal analgesia

- Maternal obesity

- Uterine infection

— Advanced maternal age

-  Previous cesarean delivery

- Insufficient uterine contractility

For example, a labor with an arrest of dilatation that
follows a protracted active phase is more likely to require
cesarean delivery than one in which the arrest occurred
during a previously normal active phase. Similarly, when a
long second stage occurs in the wake of a prolonged
deceleration phase of labor cesarean delivery or, if vaginal
delivery occurs, shoulder dystocia and brachial plexus
injury are more likely than if either labor dysfunction
occurred alone [6, 10, 11].

Table 4: Dysfunctional labor patterns: definition and significance.
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The descriptions of normal cervical dilatation and fetal
descent described by Friedman have been confirmed,
replicated, and found effective for clinical practice by
many investigators around the world [12-18]. There have
been small variations on the original theme, but the basic
structure of the labor curves, and specifically a linear active
phase progression of about 1 cm/h has been confirmed by
almost all investigators over the last 60 years.

The breadth of this confirmatory evidence notwith-
standing, an alternative model for assessing the
normality of labor progress has recently been promul-
gated [19, 20], and has been accepted in guidelines of
the Society for Maternal-Fetal Medicine and the Amer-
ican College of Obstetricians and Gynecologists [21].
There are many reasons why this new model is insuffi-
cient and should not supplant traditional clinical para-
digms [22-25]. Most important, it has not been shown to
be superior to, or even the equivalent of the traditional
approach in terms of safety for mother and fetus or its
clinical ability to detect abnormal labor progress.

Labor pattern
abnormality

Definition (nulliparas) Definition (multiparas)

Recommended management  Significance

Prolonged latent Latent phase duration ex-

phase ceeds 20 h ceeds 14 h

Protracted active Active phase rate of prog-  Active phase rate of prog-
phase ress is <1.2 cm/h ress is <1.5 cm/h

Arrest of No active phase progress  No active phase progress
dilatation for 2 h or longer for 2 h or longer
Prolonged Deceleration phase ex- Deceleration phase ex-
deceleration ceeds 2 h ceeds1h

phase

Protracted Active descent rate of Active descent <2 cm/h
descent progress is <1 cm/h

Active descent ceases for
1 h or more

Arrest of descent
1h

Failure of No descent from onset of ~ No descent from onset of

descent active phase to decelera- active phase to decelera-
tion phase or full dilatation tion phase or full dilatation

Precipitate Active phase dilatation is  Active phase dilatation is

dilatation >5cm/h >10 cm/h

Precipitate Active phase dilatation is  Active phase descent is

descent >5cm/h >10 cm/h

Latent phase duration ex-

Active descent ceases for

Oxytocin or sedation. Increased risk of cesarean.
Observation, support, unless
caused by inhibitory factors;
then, oxytocin.

Oxytocin if CPD unlikely.
Cesarean if CPD probable.

Approx 25% require cesarean
for CPD.

Approx 40% require cesarean
for CPD.

Associated with excessive
analgesia, infection, obesity,
malposition.

Associated with CPD, shoulder
dystocia, malpositions, exces-
sive sedation or analgesia.

Oxytocin if CPD unlikely.
Cesarean if CPD probable.
Cesarean if other risk factors
for shoulder dystocia exist.
Observation, support, unless
caused by inhibitory factors.
Cesarean if CPD probable.
Oxytocin, if CPD unlikely.
Cesarean if CPD probable.
Oxytocin if CPD unlikely.
Cesarean if CPD probable.

Associated with CPD.

Strong association with CPD.

Strong association with CPD,
especially if occurs with
oxytocin.

Usually too late to treat when  Predisposes to uncontrolled

diagnosed.

If time allows, uterine contrac-

tions may be inhibited with
tocolytic agent.

delivery, birth canal injury,
fetal damage, shoulder
dystocia.

CPD, cephalopelvic disproportion.
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Active phase of labor
Obtain serial observations of cervical dilatation
A g 7
and determine rate of progress in cm/h
Progressive cervical dilatation Dilatation stops for >2h
|
l Progressive dilatation Deceleration
Normal rate abnormally slow: phase prolonged:
of dilatation nulliparas <1.2 cm/h nulliparas >2-3h
multiparas <1.5 cm/h multiparas >1h
Diagnose Diagnose "
protracted prolonged Diaghose
: : G arrest of
active phase deceleration . 7
t 5 dilatation
dilatation phase
c Evaluate for disproportion, malposition,
infection, inhibitory factors
Disproportion Disproportion Disproportion
not probable highly probable not probable
Inhibitory
factors present
No inhibitory i
factors
Oxytocin Oxytocin
infusion infusion
Good Poor Poor Good
e
response response response response

Observe for other

g Cesarean delivel
labor disorders +/

Figure 3: Management of the active phase of labor.

Observe for other
labor disorders

(A) Recognize onset of the active phase by the upswing of the cervical dilatation curve. If the rate of dilatation is normal, continue close

observation, but no intervention is necessary. (B) If the rate of active
diagnose a protracted active phase. (C) If there is a protracted active

phase dilatation in a nullipara is <1.2 cm/h or in a multipara <1.5 cm/h
phase search for inhibitory factors (e.g., excess analgesia/anesthesia,

marked obesity, excess analgesia, etc.) Do thorough cephalopelvimetry. If disproportion is highly probable, proceed to cesarean delivery. (D)

If disproportion seems unlikely and inhibitory factors are present, sti

dilatation) bodes well for vaginal delivery; a poor response suggests c
is often associated with cephalopelvic disproportion as well as occip

mulate contractions with oxytocin. A good response (more rapid
esarean delivery is more appropriate. (E) Prolonged deceleration phase
ut posterior position and shoulder dystocia. (F) If the probability of

cephalopelvic disproportionis highin the presence of a protraction orarrest disorder, it is prudent to undertake cesarean delivery as the safest
option. (G) Arrest of dilatation is diagnosed when active phase progress has ceased for 2 h. If there is no concern about disproportion, use
oxytocin. If disproportion is strongly suspected, proceed to cesarean delivery. (H) When oxytocin is used for an arrest disorder, most patients
will respond in 3-4 h. If there is no response, or if the post-arrest slope is lower than the prearrest slope, cesarean delivery is warranted. By

permission from Cohen WR, Friedman EA. Labor and Delivery Care. A

In addition, Friedman’s data were derived from direct
clinical observation and confirmed by mechanical and
ultrasonographic cervimetry; recent studies used an error-
prone retrospective curve-fitting approach to analyze an
existing database. The results were likely biased by un-
adjusted confounders and inappropriate case selection

Practical Guide. John Wiley & Sons, Oxford, 2011, pp. 90-91.

[22]. The new guidelines advocate much longer labors in
both first and second stage than have generally been rec-
ommended, but offer no evidence that such long labors are
consistent with maternal and fetal well-being.

The principal goal of the new guidelines is to provide
clinicians a means to reduce their reliance on primary
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Second stage of labor

|
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Obtain serial observations of fetal station and determine rate of

progress in cm/h after full dilatation

v v

|

Figure 4: Management of the second stage of

Fetal descent Active Active labor.
continues descent has descent has . .
e ¥ e e e (A) The rate of fetal descent is determined
| by serial measurements of fetal station.
v l Once descent begins in late first stage or in
Descent abnormally second stage, it should be at least one
slow Descent stops station (cm)/h in nulliparas or 2 cm/h in
nulliparas <1 cm/h for 1h . )
multiparas <2 cm/h multiparas. If less, diagnose protracted
l i descent. (B) If cephalopelvic disproportion
is highly probable based on
Diagnose . . . . . .
normally Diagnose Diagnose Diagnose cephalopelvimetry, cesarean delivery is
e protracted E arrest of failure of . ified. (O) If inhibi f . .
progl eteard loscant e justified. (C) If inhibitory factors exist, give
descent . P .
oxytocin. If not, oxytocin is unlikely to
l l l increase the rate of descent. (D) Allow
inhibitory conditions (e.g., excess
B Evaluate for disproportion, malposition, analgesia, high neuraxial block) to abate.
jgisctioniighibiopyfactors Oxytocin may sometimes speed descent.
! J J (E) If, after active linear descent has begun,
Disproportion Disproportion Disproportion it ceases for 1 h, diagnose arrest of descent.
not probable highly probable not probable Search for signs of disproportion using
cephalopelvimetry. If there are signs of
disproportion, proceed to cesarean
No inhibitory Inhibitory delivery; if not, consider oxytocin infusion.
factors factors|present (F) If active descent fails to begin when it
| ordinarily does by the time the labor enters
Oxytocin Oxytocin the second stage, diagnose failure of
infusion infusion descent. Do thorough cephalopelvimetry.
¢_l_¢ i_I_l (G) If no evidence of disproportion exists,
consider oxytocin; if there is evidence of
Good Poor Poor Good . .
e 4
response response response response dlsproportlon’ prOCeed to cesarean
¢ delivery. By permission, from Cohen WR,
Friedman EA. Labor and Delivery Care. A
Observe for other Cesarean Observe for other . : .
labor disorders delivery labor disorders Practical Guide. John Wlley & Sons, Oxford,

cesarean delivery, because cesarean rates have increased
substantially over recent decades. While restraining the
rising cesarean rate may be desirable, the guidelines pro-
pose a means to do so without regard for its effect on fetal
and maternal outcome.

Cephalopelvimetry

The osseous architecture of the pelvis and its soft tissue
structures influence the mechanism of labor, i.e., the
manner in which the fetus negotiates the birth canal during
its descent [26—28]. The classic pelvic bony phenotypes
(gynecoid, anthropoid, android, and platypelloid) are
familiar to most clinicians [29]. The individual features of a
given pelvis, however, are often derived from more than

2011, pp. 92-93.

one archetype. A capable and experienced clinician will be
able to recognize these traits and make inferences about
their effect on progress in labor (Table 5). For example,
a pelvis with overall anthropoid characteristics may,
nevertheless, have an anteriorly angled flattened sacrum
(generally considered android features), thus resisting
fetal descent in an occiput posterior position.

Clinical cephalopelvimetry requires assessment of
individual pelvic traits and prediction of their specific and
aggregate effects on labor progress [1]. These conclusions
need to be integrated with information derived from the
labor curves. Thus, when a pelvis has a narrow subpubic
arch, a long steeply inclined symphysis pubis, and a
flattened sacral curve, characteristic of an android pelvic
type, and the labor manifests a prolonged deceleration
phase, the likelihood of shoulder dystocia is high.
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Table 5: Interpretation of intrapartum cephalopelvimetric findings.

Finding

Significance

Unengaged head

Large estimated fetal
weight

Fetal malposition,
malpresentation

Long, steeply inclined
symphysis pubis
Sacrospinous ligaments

short, thick

Sacrospinous ligaments
long

Diagonal conjugate short

AP dimension of outlet
short

Narrow subpubic arch

Sidewalls convergent

Ischial spines prominent

Sacral curvature absent or
shallow

Occiput posterior
Marked molding

Anterior asynclitism
Posterior asynclitism

In nullipara, risk factor for CPD, espe-
cially at pelvicinlet, or fetal malposition.
Risk factor for CPD, dysfunctional labor
pattern, and shoulder dystocia.

May preclude further safe labor, or be
risk factor for CPD, or signal non-
gynecoid pelvic architecture.

Suspect android pelvis, and possible
shoulder dystocia.

Possible narrow midpelvis posteriorly.
Sacral curve may be shallow; posterior
space may be insufficient.

Suspect anthropoid pelvis with posteri-
orly recessed sacrum; or suspect flat
pelvis with widely separated sidewalls.
Suspect flat or generally contracted
pelvis; consider inlet disproportion.
May deliver occiput transverse; anterior
shoulder may not stem beneath sym-
physis pubis causing shoulder dystocia.
Pelvis may have android or anthropoid
features. Higher risk for perineal tears
and difficult shoulder delivery.

Funnel pelvis. Possible android or an-
thropoid characteristics. High risk for
CPD and shoulder dystocia

May inhibit anterior or posterior rotation
of head

May prevent posterior rotation of
occiput; may impair descent of posterior
shoulder resulting in shoulder dystocia.
Suspect anthropoid or android charac-
teristics; there may be insufficient room
for internal rotation.

Suspect CPD or fetal malposition.
Suspect CPD.

Suspect CPD in a flat contracted pelvis.

CPD, cephalopelvic disproportion; AP, anteroposterior. Modified from
Cohen WR, Friedman EA. Labor and Delivery Care: A Practical Guide.
John Wiley & Sons, Ltd., Oxford, 2011, p. 64.

Similarly, when an arrest of dilatation occurs in a funnel
pelvis, insurmountable CPD is much more likely than
when the arrest has occurred in a large pelvis with parallel
or divergent sidewalls. Serial assessment of the cepha-
lopelvic relationships during labor is critical, particularly
during descent, because changes in fetal head position
and attitude, molding and overlapping of the cranial
plates, and separation of pelvic joints can all alter the
expectation for a safe normal delivery [1, 27, 30]. Some
practitioners find the Miiller-Hillis maneuver helpful,
especially in the second stage, although there is some
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controversy about this [31, 32]. It involves gentle but firm
pressure on the uterine fundus at the peak of a contrac-
tion, revealing to the examiner’s intravaginal hand what
may be expected in further descent and rotation if the
labor continues.

The concept of CPD has often been oversimplified to
mean the relative size of the fetal head and the capacity of
the maternal pelvis are incompatible with safe vaginal
delivery. However, the diagnosis of CPD is under most
circumstances more subjective than absolute. When dur-
ing labor the likelihood of a safe unassisted vaginal birth
becomes very low, the diagnosis of CPD may be invoked,
absent other factors such as fetal infection or oxygen
deprivation. The determination that CPD exists depends on
many factors apart from estimates of pelvic and fetal size. It
involves assessment of fetal position, attitude, cranial
molding, the architectural features of the pelvis (not just its
size), as well as the interpretation of the graphed progress
of labor. In this context, the pattern of the labor curves
should be considered the resultant of the many forces
governing how (and whether) cervical dilatation and fetal
descent advance. In that sense the curves serve as early
indicators of emerging inability of the maternal pelvis to
accommodate the fetus safely.

Uterine contractility

The forces created by a coordinated series of uterine con-
tractions generate cervical dilatation and fetal descent
during labor. We know a great deal about the biochemistry
and electrophysiology of myometrial contractility [33-35];
but the question of how to determine when contractility is
sufficient to cause normal dilatation and descent remains
unanswered. Whether this is even determinable is uncer-
tain because a broad range of contractile patterns is found
in normal labors [36]. Moreover, there is a complex and
unquantifiable balance between contractile (expulsive)
force and the mechanical resistance offered by the tissues
of the birth canal. This undoubtedly influences the rates of
cervical dilatation and of fetal descent. Until we under-
stand more about these intricate and multifaceted re-
lationships and can express them in quantitative terms it
will be difficult to add more objectivity to our predictions
about the outcome of labor based on clinical measures of
uterine contractions.

Four methods are available to assess uterine contrac-
tions: manual palpation, tocodynamometry, electro-
hysterography (EHG), and intrauterine pressure (IUP)
monitoring. Each has advantages and limitations [37]. IUP



248 —— Cohen and Friedman: Evaluation of labor

determination is considered the most accurate technique,
but because it requires rupture of the fetal membranes and
an indwelling intraamniotic catheter it accrues a small risk
of maternal or fetal infection. Unlike other methods, IUP
measurement allows calculation of contractile intensity,
but no advantage of IUP assessment over noninvasive
techniques has been demonstrated [38, 39]. Moreover,
contraction frequency and amplitude account for only a
small portion of the variation in rates of cervical dilatation
[40, 41]. The most widely used electronic technique is
tocodynamometry, which adequately identifies the fre-
quency and duration, but not the amplitude, of uterine
contractions from a strain gauge strapped to the mother’s
abdomen. EHG is relatively new in clinical use, and holds
great promise. It is at least as accurate and reliable as
tocodynamometry in identifying contractions [42] and,
because it is a direct representation of electromechanical
activity in the myometrium, may provide insights into
prediction, identification and treatment of dysfunctional
labor [43-45].

Contractions in the active phase and second stage
should generally be no more frequent than five in ten mi-
nutes, and the duration of individual contractions should
not exceed 90 s. At least 1 min of uterine relaxation be-
tween contractions is necessary to allow restoration of
uterine and brain reoxygenation. Excessive contractility
may occur spontaneously or during placental abruption or
maternal cocaine intoxication, but uterine hyper-
contractility is most commonly an iatrogenic response to
oxytocin administration. Excessive uterine activity may
contribute to catastrophic events, including uterine
rupture and, by impeding uterine blood flow, severe fetal
asphyxia. In addition, there is mounting evidence of the
potential for ischemic brain injury in fetuses exposed to
marked head compression from excessive levels of
contractility [46-48].

Oxytocin

Oxytocin is a nonapeptide synthesized primarily in the
posterior pituitary gland. Its uterotonic properties and
role in milk ejection are well known. It also has several
behavioral functions, all related to successful reproduc-
tion [49]. It acts principally as a circulating hormone and
as a central neurotransmitter. The role of endogenous
pituitary oxytocin in parturition is uncertain. The antici-
pated finding of a rise in maternal plasma oxytocin levels
at the onset of labor has not been consistently demon-
strated. There is, however, evidence for the presence of
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oxytocin gene expression in the uterus [50, 51], indicating
it is synthesized locally and may function as a paracrine
rather than an endocrine hormone during parturition.
Also, the uterine effects of oxytocin depend more heavily
on its receptor concentration than its circulating level,
which helps explain why such a large range of pharma-
cologic doses is necessary among individuals to achieve
equivalent effects.

Exogenous oxytocin is widely used. In the US more
than 20% of labors are induced with it, and in some in-
stitutions augmentation of spontaneous labor is done in
more than half of cases. Shifts in the characteristics of the
pregnant population over recent decades have reasonably
increased the need for oxytocin use. Larger birth weights,
older maternal age, and more prevalent obesity all pre-
dispose to dysfunctional labor and the consequent need for
augmentation with oxytocin. Advanced maternal age and
obesity are also associated with medical complications,
including gestational diabetes and hypertensive disorders,
which often require induction of labor in the interest of
maternal and fetal well-being. These factors, however, do
not fully explain today’s widespread use of oxytocin. It is
principally the consequence of more permissive criteria for
the diagnosis and treatment of dystocia, criteria not always
supported by available evidence.

Properly employed, pharmacologic oxytocin has a
high therapeutic index, but is easily misused [52-55]. Al-
legations of improper oxytocin use populate a substantial
proportion of obstetric medical negligence claims in the US
and Europe [56-58], and it has been designated a high-alert
medication (one capable of causing significant patient
harm if used incorrectly) by the Institute for Safe Medica-
tion Practices since 2007 [54].

Because of its potential for harm, therapeutic oxytocin
use should be restricted to situations in which its potential
benefits clearly outweigh its risks. Using oxytocin to
stimulate a labor that began spontaneously and has
faltered requires there to be a documented labor dysfunc-
tion or a compelling medical reason (infection, severe
preeclampsia, etc.) to shorten the labor (Table 6).

Exogenous oxytocin affects primarily the latent phase
of labor, which it may shorten considerably. It has a
smaller enhancing effect on the rate of normal active phase
dilatation and descent. The rate of dilatation may be
increased by oxytocin in an active phase slowed by
inhibitory factors such as excess analgesia. Oxytocin is
quite effective in the treatment of arrest disorders,
providing there is no concurrent CPD [1, 6]. Although it can
shorten all aspects of labor, there is no evidence there is
any virtue in accelerating a normally progressing labor
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Table 6: Indications for oxytocin administration during sponta-
neous labor.

- Prolonged latent phase
—  Medical need to shorten labor (e.g., chorioamnionitis, severe
preeclampsia)
—  Dysfunctional labor pattern unassociated with likely dispropor-
tion and fetal hypoxemia
- Arrest of dilatation
- Arrest or failure of descent
—  Protracted active phase or protracted descent associated with
inhibitory factors
- Prolonged deceleration phase

with oxytocin, and there could be harm, particularly if
used in the presence of CPD or if hypercontractility
develops.

The second stage

Defined as the time between achievement of full cervical
dilatation and delivery of the fetus, the second stage of
labor is replete with physiologic and emotional drama.
Uterine contractions often strengthen and are supple-
mented by intense maternal bearing-down (pushing) ef-
forts. These forces propel the fetus through the birth canal,
where it rotates to accommodate to the maternal bony and
soft tissue features it encounters. Excitement over the
impending delivery may be tempered by intensification of
pain, especially as the vagina and pelvic floor are dis-
tended by the advancing fetal head.

The normality of the second stage has been tradition-
ally judged by its length. Most studies indicate that dura-
tions of up to about 3 h have no demonstrably adverse
effect on the condition of the newborn, although rates of
maternal birth canal injury, puerperal infection, hemor-
rhage, and other complications may be encountered earlier
[59-65]. The likelihood of a normal vaginal delivery de-
creases as second stage duration increases. There is some
evidence that complications of a very long second stage
accrue primarily to those with a demonstrable disorder of
descent [66].

The use of epidural anesthesia may lengthen the sec-
ond stage, but this prolongation should have little effect on
the need to resort to cesarean delivery because it is not
inherently harmful in the absence of other complicating
factors [67]. Active pushing prior to documented full dila-
tation should always be discouraged. It can result in severe
cervical lacerations and may expose the head to excess
pressure.
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Although widely employed, the use of elapsed time is
an insensitive and sometimes misleading approach to
assessing second stage labor progress. It ignores the signal
physiologic event of the second stage, namely, fetal
descent. Judging the second stage by determining the rate
of fetal descent, which should be at least 1 cm (station) per
hour in nulliparas and 2 cm per hour in multiparas, is
better. These limits, which were established in women who
began forceful bearing-down efforts at full cervical dila-
tation, need to be reexamined in light of recent changes in
pushing styles. Sometimes an open-glottis technique is
used, which generates less force than traditional pushing
with a long Valsalva maneuver. Also, some now recom-
mend the parturient not commence bearing-down efforts
until she feels an overwhelming urge to do so. In some
women, this may be long after achieving full cervical
dilatation, especially if the head is unengaged or they are
receiving epidural analgesia; in others, it may occur
simultaneously with the onset of the second stage; and
sometimes, when the fetal head is deep in the pelvis, the
urge to push begins earlier. The expected rates of descent
using these alternatives to traditional pushing styles have
not been elucidated precisely [68]. Maternal bearing-down
efforts can doubtless speed descent; but it is wrong to as-
sume that descent will cease merely because the patient is
not pushing. If there is no descent with or without pushing,
some impediment to progress should be suspected.

Pain relief

Approaches to labor analgesia shift over time, reflecting
changing attitudes and expectations of patients and
healthcare professionals as well as the availability of safe
drugs and anesthetic techniques. The use of psychopro-
phylactic methods, which have considerable merit as
nonpharmacologic approaches to pain management, has
diminished recently, as continuous neuraxial (mostly
lumbar epidural) analgesic techniques have become more
available. In some labor units, more than 90% of women
deliver under epidural analgesia [69]. There is controversy
about to what degree such analgesia adversely affects la-
bor. When administered early in labor epidural analgesia
sometimes prolongs the latent phase, but does not appear
to compromise the likelihood of safe vaginal delivery [70,
71].

A properly administered epidural block (i.e., one that
employs appropriate drugs and achieves the correct level
of analgesia) has little slowing effect on the normal first
stage. It may lengthen the second stage, as the conse-
quence of a partial motor block reducing the effectiveness



250 —— Cohen and Friedman: Evaluation of labor

of bearing-down efforts and relaxing pelvic floor muscles,
whose normal tone would facilitate the mechanism of la-
bor. In a recent study, continuous infusion of ropivacaine
(an anesthetic that exerts minimal neuromuscular
blockade) and sufentanil had no effect on second stage
duration [72]. A labor progressing abnormally (with, for
example, a protracted active phase or an arrest of dilata-
tion) is probably more vulnerable to the inhibitory effects
of neuraxial blocks. Most of the inhibitory influences of
epidural anesthesia on labor, when they do occur, can be
overcome by oxytocin administration.

Fetal risks

Normal labor and delivery pose little risk to a healthy fetus;
but dysfunctional labors, especially if stimulated exces-
sively by oxytocin or terminated by complex operative
vaginal delivery, have the potential for considerable harm
[6, 73]. Even normal labor may injure a fetus whose re-
serves are compromised by growth restriction, placental
insufficiency, or infection.

As practice patterns have changed, serious direct
trauma from obstetric manipulation has become uncom-
mon; most of today’s intrapartum brain damage results
from ischemic injury. This may occur by two mechanisms,
both related to uterine contractility that overwhelms
normal compensatory responses: severe reduction in
placental oxygen transfer, and excessive head compres-
sion that interrupts the intracranial circulation. Many cases
are probably multifactorial, and may be exacerbated by
infection, other environmental, or genetic factors.

High intramyometrial pressure created by a contraction
can collapse the intramural branches of the uterine arteries,
reducing blood flow and oxygen delivery to the intervillous
space [74]. The resulting fetal oxygen deprivation, if suffi-
ciently severe, can reduce cardiac output and thereby
contribute to brain ischemia. The potential ravages of severe
fetal hypoxia have long been recognized and extensively
studied. Recently, focus has shifted somewhat from con-
cerns about hypoxia to the risks posed to the fetal brain by
excessive intrapartum cranial compression [46-48, 75].

Each uterine contraction exposes the fetal head to
external pressure. This pressure is enhanced during second
stage pushing, and by the compressive force exerted on the
head by the pelvic passageway during descent. Intracra-
nial pressures under these conditions are often substan-
tially greater than intraamniotic pressures. Under most
circumstances the fetus tolerates these fluctuations in
intracranial pressure with equanimity, but the pressures
may sometimes be sufficiently high to compromise
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intracranial blood flow and create brain ischemia [46, 75].
The contribution of this mechanism to the burden of per-
manent brain injury is uncertain, but there is evidence from
several kinds of studies that when a labor manifests a
dysfunctional pattern of dilatation or descent or is stimu-
lated excessively with oxytocin, the risk of brain injury is
increased [45-48, 74-79]. While many such affected babies
have neonatal encephalopathy (usually without severe
acidosis), they may appear well at birth but develop overt
neurological problems later.

The only large-scale study with detailed data on labor
and delivery events and long-term neuropsychologic follow-
up was the National Collaborative Perinatal Project (NCPP).
From this study 18,000 term pregnancies delivered from
1958 to 1974 were analyzed to identify relationships between
parturitional events and outcome [73]. A subset of offspring
underwent extensive developmental testing over 13 years.

The NCPP pregnancies occurred prior to many modern
advances in obstetric and neonatal care. Moreover, the low
cesarean rate during the study precluded detailed investi-
gation of the benefits and risks of cesarean delivery in
specific situations. Therefore, the conclusions of the NCPP
must be applied cautiously to today’s practice. Neverthe-
less, all its outcome results are consistent, thoroughly
documented, and exhaustively analyzed. Regrettably, no
comparable studies have been done subsequently to
confirm or refute the results.

The NCPP showed that objectively defined disorders of
dilatation and descent are associated with poor immediate
and long-term outcomes for the fetus and surviving child.
This potential adversity is largely independent of delivery
mode, although difficult operative delivery and other
potentially traumatic obstetric manipulations augment
hazards. There is a virtue in prompt identification and
management, particularly of arrest disorders, the duration of
which of which contributes directly to risk. That is not to
recommend cesarean delivery as the panacea for any labor
that deviates from normal; rather, this approach provides a
paradigm for maximizing the frequency of safe atraumatic
vaginal delivery and for the early identification of at-risk
labors in which the fetus would benefit from prompt delivery.

Summary

The approach to the evaluation of labor outlined in this
review has been thoroughly documented and applied
successfully in many institutions [1, 6]. Each aspect of the
evaluation is important, and cannot be interpreted in
isolation. A decision about the need for cesarean delivery,
for example, requires interpretation of the labor curves
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within the framework of cephalopelvimetric findings and
information about maternal and fetal condition. Using the
labor curves in this contextual manner provides important
prognostic insights. The likelihood the labor will eventuate
in a safe normal delivery can be estimated, as can the risk of
long-term developmental handicap. This approach has
yielded important information as well about the effects on
labor of factors including parity, age, obesity, oxytocin,
twins, malpositions, and prior cesarean delivery [1, 6]. It
has also provided useful insights into the relationship of
complications such as shoulder dystocia to antecedent
labor dysfunction [10, 11]. Conscientiously implemented,
this approach to labor evaluation will result in a reasonable
cesarean rate and minimize risks that may accrue from the
labor and delivery process.
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