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Preface

Preterm Labor: Prediction and Treatment

John C. Morrison, MD
Guest Editor

Preterm labor and the attendant complication of preterm delivery assure its
position as the most common, costly, and catastrophic complication of preg-
nancy. Although preterm birth rates have risen during the past two decades, the
majority of this increase has been due to the aggressive management of medical/
surgical disorders requiring early delivery, assisted reproductive technologies re-
sulting in a large number of higher-order multifetal gestations, and physician-
allowed deliveries near term (>32.34 weeks). On the other hand, preterm births
arising from labor before 37 weeks and spontaneous rupture of the membranes due
to preterm labor have actually decreased as a result of enhanced use of preterm
prediction techniques and aggressive, individualized treatment of preterm labor
when it occurs. Progress has also been made toward understanding the multi-
factorial etiology of preterm labor and comprehensive management efforts toward
preventing preterm birth have also made great contributions. These efforts have
resulted in fewer preterm births, and overall better outcomes for mothers, babies,
and families.

In this issue of the Obstetrics and Gynecology Clinics of North America, some
of the best-known clinicians offer their thoughts in the specific areas of prediction
techniques for an early diagnosis of preterm labor and individualized treatment in
women who develop this problem. I really believe that this work will enable
clinicians to practically manage women who are at risk for preterm birth and
those who develop preterm labor. I also wish to thank Rosie McMillon, my
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secretary at the University of Mississippi Medical Center, and Carin Davis,
Senior Editor at Elsevier, both of whom have prodded this work toward fruition.

John C. Morrison, MD
Department of Obstetrics, Gynecology and Pediatrics

University of Mississippi Medical Center
2500 North State Street

Jackson, MS 39216, USA
E-mail address: jmorrison@ob-gyn.umsmed.edu
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Uterine Contraction Assessment

Roger B. Newman, MD

Division of Maternal Fetal Medicine, Department of Obstetrics and Gynecology,
Medical University of South Carolina, 96 Jonathan Lucas Street, Charleston, SC 29425, USA

The last quarter century has been marked by a persistent rise in the rate of
preterm birth in the United States. This rising rate of preterm birth represents
the failure of modern obstetrics to understand the complexity of the phenomena
and to develop effective preterm birth prevention interventions. Of the many
approaches to preterm birth prevention that have been investigated, no single
intervention has been as thoroughly studied or as enigmatic as uterine contraction
assessment. Uterine contraction assessment, or home uterine activity monitoring
(HUAM) as it is more commonly known, has been subjected to some of the
most rigorous testing ever applied to an obstetric intervention. Unfortunately,
the effectiveness of uterine contraction assessment as an adjunct to the clinical
management of women at risk for preterm birth became obscured by the overuse
for indications with reduced risk for early delivery. Both academic and commu-
nity obstetricians and gynecologists became polarized in their views regarding
HUAM. As a result, much of the published literature regarding this intervention,
including numerous randomized clinical trials, has been overstated or undercon-
sidered depending on the clinician’s pre-existing bias or clinical impression.

The frustrating thing about evidence-based medicine is that the results are not
always consistent and the evidence frequently generates more questions than it
answers. Why is it that in some investigations HUAM or uterine activity sur-
veillance has been clearly beneficial for women at high risk of preterm delivery,
whereas in others this approach seems to lack any significant benefit? Evidence-
based medicine is only useful when one pays as much attention to the method-
ology as to the results. This article explores what has been learned about uterine
contraction assessment when used as part of a comprehensive management
program for women at risk for preterm delivery. This intervention is considered
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in terms of its evolution through the 1980s and 1990s. The data for and against
uterine activity assessment are outlined with particular attention to study design
and patient inclusion criteria. With an appreciation of the methodology involved
in each of these studies addressing uterine activity monitoring, a surprisingly
clear picture emerges from what many people believe to be highly contradictory
level 1 evidence.

Normal uterine contractility

Before specifically addressing the clinical use of uterine contraction assess-
ment it is wise to consider the general topic of antepartum uterine contractility
and its relationship to prematurity. In 1950, Alvarez and Caldeyro-Barcia [1]
reported simply that ““the uterus never sleeps.” In pioneering studies they placed
transabdominal intramyometrial pressure manometers to sequentially measure
uterine pressures from early pregnancy through delivery. They observed two
types of uterine contractility. The first was a low-intensity, high-frequency pat-
tern referred to as “Alvarez waves.” This rhythmic low-intensity contraction
pattern was believed to represent asynchronized local uterine activity. Alvarez
and Caldeyro-Barcia [1] found this contraction pattern to be almost continuously
recorded but usually not perceived. The second pattern was that of lower-
frequency, higher-intensity (10-15 mm Hg) contractions. These contractions
were generally painless but often palpable and are commonly referred to as
“Braxton-Hicks” contractions. These higher-intensity contractions were noted to
increase in frequency as labor approaches, gradually replacing the low-intensity
and high-frequency contractility. Over an approximate 2-week period of time
before the onset of active labor, contraction frequency and intensity both in-
creased, which Alvarez and Caldeyro-Barcia [1] referred to as ““prelabor synchro-
nization of uterine activity.”” Caldeyro-Barcia reported that uterine contractions of
less than 20 mm Hg are generally not perceived or palpable by the patient herself.
Between 20 and 30 mm Hg patients are usually able to perceive their contractions
by abdominal palpation but generally do not identify the contraction as painful
until it exceeds approximately 30 mm Hg.

In 1954 Reynolds and colleagues [2] used a multichannel external toco-
dynamometer to describe normal uterine contractility in the third trimester.
Monitoring patients at 2-week intervals from 27 to 28 weeks’ gestation Reynolds
and colleagues [2] demonstrated a progressive increase in the frequency of ma-
jor contractions as pregnancy advanced, most evident after the 34th week. They
also demonstrated the development of “fundal dominance” [2]. Early in gesta-
tion, pressures measured over the middle and lower uterine segments exceeded
those in the fundus. Later in gestation, however, pressures measured over the
fundus had the greatest intensity creating a pressure gradient directed toward the
lower uterine segment. In 1994, Moore and colleagues [3] performed ambulatory
uterine contraction monitoring in 109 low-risk women who ultimately delivered
at term. These women underwent 24-hour recording sessions twice weekly
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between 20 and 40 weeks’ gestation. Uterine contraction frequency increased
progressively with gestational age yielding mean frequencies very similar to
those recorded by Reynolds and colleagues [2] 40 years previously. Statistical
evaluation of the uterine contractility data revealed that the 95th percentile
confidence limit was 1.3 contractions per hour at 21 to 24 weeks, 2.9 contractions
per hour at 28 to 32 weeks, and 4.9 contractions per hour at 38 to 40 weeks.
Among these low-risk women, 73% of the almost 72,000 hours of uterine
contraction monitoring revealed no contractions and three or fewer contractions
per hour were recorded 96% of the time. Also of interest, 67% of the recorded
contractions after 24 weeks’ gestation occurred at night, whereas maternal rest
and sexual activity had small but measurable effects on contraction frequency [3].
Nageotte and colleagues [4] reviewed the uterine activity that was recorded
during antenatal fetal assessment tests performed on 2446 patients using a single-
channel external tocodynamometer. These investigators found that maximum
uterine activity increased 4.7% per week between 30 and 44 weeks’ gestation.
They noted that women who delivered earlier than 38 weeks’ gestation had more
contractions at earlier gestational ages than did those who delivered at either 38 to
41 weeks or after 41 weeks’ gestation. Most significantly, they noted a crescendo
of uterine activity occurring 48 to 72 hours before the onset of labor, be it
preterm, term, or postterm. Zahn [5] also demonstrated a progressive rise in
uterine contraction frequency over the last trimester of pregnancy among normal
ambulatory pregnant women. Before the 30th week of gestation the maximum
uterine contraction frequency was approximately 2 per hour, whereas after the
30th week the mean contraction frequency was approximately 4 per hour. Zahn
[5] defined normal and abnormal uterine contraction frequencies as being less
than or greater than the 97th percentile confidence limits. Pathologic contraction
frequencies (>97% cervical length) were more than three per hour between 26 and
28 weeks, more than four per hour between 28 and 30 weeks, and more than five
per hour between 30 and 33 weeks [5]. Araki [6] found almost identical results in
another series of normal pregnant women monitored on an ambulatory basis.
They defined normal uterine contractility as being less than 90th percentile
confidence limit. In Araki’s [6] study, the critical thresholds for normal versus
pathologic uterine contractility were greater than three per hour at 26 to 28 weeks,
greater than four per hour at 30 weeks, greater than five per hour at 32 weeks, and
greater than seven per hour at 34 to 36 weeks [6].

A final characteristic of normal uterine activity is that of diurnal variation.
In the previously cited study by Moore and colleagues [3], two thirds of the
contractions were recorded in the evening, whereas Zahn [5] identified an in-
crease in uterine contractility between 10 PM and 2 AM among 54 normal women
performing continuous 24-hour tocodynamometry. Zahn [5] also identified de-
creased uterine contractility in the early morning hours. Germain and colleagues
[7] followed 19 women from 26 weeks until delivery hospitalizing them for a
24-hour period of external tocodynamometry every 2 weeks. Those patients
delivering at term demonstrated a nocturnal surge in uterine contractility between
4 and 7 AM, whereas those delivering preterm showed an initial nocturnal surge
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of uterine activity that disappeared a little over 3 weeks before delivery. In 1982,
Schwenzer and colleagues [8] described a circadian pattern of uterine contrac-
tions in resting pregnant women. They identified two peaks of uterine contract-
ility. The first and most prominent occurred between 11 PM and 3 AM, whereas
the second was between 11 AM and 1 PM. Similar to the findings of Zahn [5],
Schwenzer and colleagues [8] noticed decreased uterine contractility between
3 AM and 9 AM. Schwenzer and colleagues [8] also noted that women laboring
preterm seemed to lose this diurnal pattern characteristic of normal pregnancy.

It seems that normal pregnancy is characterized by almost continuous low-
intensity uterine contractility with intermittent but infrequent contractions that
typically range between 10 and 20 mm Hg in intensity. During an approximate
2-week prelabor period the uterus demonstrates an increased frequency of mild-
to moderate-intensity contractions that is also associated with the development of
fundal dominance. There is a normal circadian pattern of uterine contractility
highest in the late evening and early morning hours and lower in the later
morning. Patients who have preterm labor have a disruption of this normal diur-
nal pattern.

Abnormal uterine contractility

Bruns and colleagues [9] in 1957 described excess uterine contractility early
in pregnancy among women who ultimately delivered prematurely. Using inter-
mittent single-channel external tocodynamometry they noted that excessive uter-
ine contractility preceded the onset of preterm labor and birth by several weeks.
In describing their “perinatal concept” in 1973, Aubry and Pennington [10]
reported similar findings in women who later developed preterm labor noting
increased uterine contractility weeks before its clinical onset. In 1983, Bell [11]
performed external tocodynamometry on 14 patients for 1 hour every 2 weeks
and observed that women who later developed preterm labor between 29 and 32
weeks had an increase in the number of greater intensity contractions (>15 mm
Hg) between 20 and 28 weeks of gestation. Bell [11] termed this finding “the
premature synchronization” of uterine contractility.

Using a newly developed HUAM device in 1986, Katz and colleagues [12]
in San Francisco monitored 34 women at high risk for preterm birth for 30 to
60 minutes four times daily. Seventeen of the women delivered before 35 weeks’
gestation, whereas the other 17 labored at term. Between 22 and 35 weeks’
gestation, but most pronounced after 30 weeks, there were significant differences
in contraction frequency between women who delivered before 37 weeks and
those who delivered at term. The mean hourly contraction frequencies per
gestational week for the women who delivered preterm ranged from just over two
per hour at 22 weeks to greater than five per hour by 34 weeks. Those women
who delivered at term never exceeded two contractions per hour at any time
between 22 and 36 weeks. When hourly uterine contraction frequencies were
assessed during the 7 days before the clinical diagnosis of preterm labor there
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was a distinct secondary rise in uterine activity 24 to 48 hours preceding the
diagnosis. In Katz’ and colleagues [12] selected high-risk cohort of women with
previous preterm birth, multiple gestations, uterine anomalies, and diethylstil-
bestrol exposure, persistent uterine contractions at a frequency of greater than
four per hour between 30 and 34 weeks predicted an 80% likelihood of pre-
term labor.

Bentley and colleagues [13] also recorded uterine contractions in 105 women
at high risk for preterm delivery and categorized them by whether or not preterm
labor was ultimately diagnosed. These investigators noted that women who had
four or more contractions per hour after institution of rest and hydration were
much more likely to develop preterm labor than those who had fewer than four
contractions per hour. Using a four contraction per hour threshold they identified
70% of the patients who developed preterm labor with a specificity of 80% and
a negative predictive value of 68% [13]. In another interesting study, Main
and colleagues [14] performed uterine tocodynamometry for 1 hour on 139 low-
risk women between 28 and 32 weeks’ gestation while in the waiting room
before their prenatal visit. Excessive uterine activity identified 12 (75%) of the
16 women who subsequently developed preterm labor. The incidence of preterm
labor was 3.5% in the patients with less than or equal to four contractions an hour
at each of their monitoring sessions, whereas the incidence was 26.5% if greater
than or equal to five contractions per hour were monitored at any session. As a
result, the specificity of intermittent uterine activity monitoring in this low-risk
cohort was 79%, its positive predictive value was 32%, and its negative predic-
tive value was 96% [14].

The increased risk of prematurity among multifetal gestations has been fre-
quently ascribed to increased uterine contractility. Using intramyometrial pres-
sure monitoring, Alvarez and Caldeyro-Barcia [1] demonstrated an increased
frequency of lower-intensity contractions associated with uterine overdistention.
Using external tocodynamometry, 22 singleton pregnancies and 18 twin ges-
tations were monitored for 2 hours a day over a 12-week period in the second half
of pregnancy [15]. Uterine contraction frequencies were increased among the
twin pregnancies at all gestational ages studied. In another study by the same
investigators, twin gestations between 24 and 36 weeks’ gestation that expe-
rienced preterm labor had significantly higher mean hourly contraction frequen-
cies compared with women with twins who labored at term [16]. Interestingly,
triplet gestations did not show a similar increase in contraction frequency when
comparing those who labored preterm with those who delivered at term, although
the sample size was small [16].

There has been only limited study of the low-amplitude high-frequency
uterine contraction pattern previously referred to as “Alvarez waves.” These so-
called “Alvarez waves” are defined as uterine activity with an intensity of less
than 5 mm Hg occurring at a frequency of every 1 to 2 minutes. Alvarez and
Caldeyro-Barcia [1] believed this pattern of uterine activity represented local
contractions occurring randomly in different parts of the uterus, which they de-
scribed as ““uterine fibrillation” [1]. Although this pattern of uterine activity is
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generally not perceived by women it can be detected by external tocodynamome-
try. The significance of the low-amplitude high-frequency contraction pattern is
uncertain. Warkentin [17] described low-amplitude high-frequency contractions
as accounting for 70% to 80% of the total contractions recorded during the course
of a normal pregnancy. Based solely on its ubiquitous nature Warkentin [17]
concluded that low-amplitude high-frequency contractility was not associated
with preterm labor or poor outcome. Creasy [18] concluded that the low-
amplitude high-frequency contraction pattern is a prodromal event leading to the
development of more synchronous contractions of greater intensity and sub-
sequently to preterm labor.

Newman and colleagues [19] studied the low-amplitude high-frequency con-
traction pattern to determine its clinical relevance. Among 142 high-risk women
undergoing daily uterine activity monitoring, the women who ultimately
developed preterm labor demonstrated the low-amplitude high-frequency pattern
more often than did the women who delivered at term (13.5% versus 9.2%;
P <.01). Parity and gestational age did not seem to affect the occurrence of this
pattern but it was more prevalent in multifetal gestations. Tocolytic therapy
reduced the amount of time spent in this low-amplitude high-frequency pattern
by 50% but did not eliminate it. Kawarabayashi and colleagues [20] studied
6363 cardiotocographs obtained from 578 patients. They observed the presence
of low-amplitude high-frequency contractility in 7.5% of the patients studied.
They noticed a decrease in the rate of low-amplitude high-frequency contractility
as pregnancy progressed as originally described by Alvarez and Caldeyro-Barcia
[1], but noted an increase in low-amplitude high-frequency activity in 42.3% of
patients with premature labor. These investigators concluded that increased low-
amplitude high-frequency activity was associated with preterm birth and poor
obstetric outcomes. Low-amplitude high-frequency activity may indicate the
presence of a state of high excitability and poor coordination of the uterine
muscles that precedes development of the necessary coordination to generate
larger more intense phasic contractions [20].

In a recently published article in the New England Journal of Medicine lams
and colleagues [21] investigated the validity of uterine contraction frequency
as a predictor of spontaneous preterm birth in a cohort of risk-enhanced singleton
gestations participating in a large National Institutes of Health—sponsored preterm
prediction study. The 297 singleton gestations were recruited before 24 weeks’
gestation with a history of prior preterm birth, second-trimester bleeding, or with
no risk factors (N=52). In the aforementioned study, women performed uterine
activity monitoring at least 2 days per week for 2 hours, once during the morning
and once during the afternoon. Monitoring was continued until delivery or until
37 weeks’ gestation and the uterine monitoring data were blinded to the care
providers. As a result of risk enhancement 97 of the singletons (32.6%) delivered
between 29 and 36 weeks’ gestations. Although a large percentage of the
monitoring strips recorded no contractions (79%) the investigation did identify a
significant increase in uterine contraction frequency associated with advancing
gestational age (between 4 PM and 4 AM) and in women who spontaneously
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delivered before 35 weeks’ gestation. Unfortunately, receiver-operator character-
istic curve analysis of the data could not identify a threshold value of uterine
contraction frequency that efficiently predicted the risk of spontaneous preterm
delivery [21]. Between 27 and 28 weeks’ gestation greater than or equal to four
contractions per hour in the evening had sensitivity and a positive predictive
value of only 28% and 23%, respectively, for spontaneous preterm birth less than
or equal to 35 week’s gestation. It is noted, however, that uterine contraction
frequency was similar in both its sensitivity and positive predictive value to fetal
fibronectin, endovaginal cervical length measurements, and digital cervical ex-
amination among the singleton gestations.

It is clear that premature birth is multifactorial with numerous predisposing
factors and pathophysiologic mechanisms. Increased uterine contractility, how-
ever, seems to be a final common pathway to prematurity. As a result, most
women who are destined to labor prematurely demonstrate an increase uterine
contraction frequency for weeks to months before the clinical diagnosis. Unfor-
tunately, this baseline increase in uterine contraction frequency is not substan-
tial enough to make it a reliable or efficient predictor of preterm delivery risk.
There is, however, a secondary and significant increase in uterine contractility,
which occurs in the 24 to 8 hours preceding the clinical diagnosis of preterm
labor. This secondary crescendo of uterine activity suggests the possible clinical
use of HUAM to make an earlier diagnosis of preterm labor at a time when
tocolysis can be more effective in prolonging the pregnancy and in reducing
neonatal morbidity and mortality.

Potential interventions

Clinical trials investigating the use of uterine contraction monitoring for
the early diagnosis of preterm labor have generally involved four different study
methodologies: (1) self-identification of preterm labor signs or symptoms,
(2) frequent perinatal nursing contact, (3) HUAM alone, or (4) frequent perinatal
nursing contact with HUAM. Self-identification of preterm labor signs and
symptoms as a primary clinical intervention was first described by Herron and
colleagues [22] in the San Francisco Preterm Birth Prevention Program in the
early 1980s. This intervention consisted of educating patients regarding maternal
symptoms suggestive of preterm labor; instruction in self-palpation for uterine
contractions; frequent (every 1-2 weeks) office visits with cervical examination;
and 24-hours-a-day, 7-days-per-week access to the office or the labor and de-
livery unit for emergency evaluation of potential preterm labor. Although this
approach to preterm birth prevention was not as successful in subsequent studies
as it was in the initial San Francisco pilot, it established a component of what
has become standard care for women at increased risk of preterm birth.

The concern with self-detection of preterm labor signs and symptoms is
highlighted by the initial work of Alvarez and Caldeyro-Barcia [1]. Most prelabor
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uterine activity remains below the threshold of effective maternal identification
[1]. Contractions with intensity of less than 20 mm Hg are probably not per-
ceptible to the patient, either by abdominal palpation or by the appreciation of
discomfort or pain. Newman and colleagues [23] compared the accuracy of ma-
ternal self-perception with HUAM in 44 women at high risk for preterm birth.
During the study period more than 9500 preterm contractions were recorded, but
the study participants correctly identified only 15% %+ 21% of these contractions.
There was significant individual variation with a range of 0% to 78% but overall
maternal accuracy was poor. Only five patients (11%) correctly identified greater
than or equal to 50% of their contractions, whereas 54.5% identified fewer than
10% and 22.7% (10 patients) never detected any of their contractions. There was
also a high frequency of false perception with almost 1000 self-reported contrac-
tions that were unconfirmed by simultaneous uterine activity monitoring. It is
also confirmed that women who identified more than 50% of their contractions
also had the highest rates of false perception suggesting a shotgun approach to
self-detection. Study subject’s perception of their uterine activity did not improve
with gestational age or the duration of monitoring but was significantly worse in
those with twin gestations [23]. The higher frequency of lower-intensity contrac-
tions in multifetal gestations combined with a greater amount of fetal activity and
general maternal discomfort was believed to be responsible for this reduced per-
ceptive accuracy in multiples.

In a follow-up study Newman and colleagues [24] enrolled 79 women hos-
pitalized with preterm premature rupture of the membranes between 26 and
34 weeks’ gestation who were undergoing expectant management. All patients
were initially educated regarding self-detection of preterm labor signs and symp-
toms. Each morning, patients underwent 1 hour of uterine tocodynamometry that
was blinded to the patient and the care providers. They were simultaneously
asked to report their subjective perception of uterine activity. The study group
underwent a total of 419 days of uterine activity monitoring and most of the
recordings (78%) revealed fewer than four contractions per hour. On 97.6% of
these days the patients’ subjective assessment of uterine activity agreed with the
electronic uterine monitoring that they were indeed having fewer than four
contractions per hour. On 91 days, however, greater than or equal to four con-
tractions were recorded by the electronic monitoring. On 66 (73%) of those days
the patient’s simultaneous subjective perception was that she was still having
fewer than four contractions per hour. Ultimately, each of the 79 patients entered
spontaneous preterm labor and in 58 (73%) of those cases uterine activity was
objectively increased (>four contractions per hour) within 24 hours of the onset
of labor. Maternal self-detection of uterine activity was significantly less likely
(32%; P <.01) to identify this crescendo in uterine activity compared with the
uterine activity monitoring [24].

The largest study of this type involved over 70,000 uterine activity records in
778 patients receiving HUAM [25]. Monitored women were asked to mark using
an electronic signaling device whenever they palpated or perceived a uterine
contraction. Once again, the accuracy of maternal perception of prelabor uterine
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activity was poor with the mean percentage of correct identification being only
14.1% per patient. The patients also signaled the presence of contractions that
were not electronically recorded 40.3% of the time. This is consistent with the
clinical experience of patients coming for unscheduled visits because of the false
perception of preterm labor contractions.

This high failure rate in the detection of prelabor uterine activity by women
relying on self-palpation as their primary mechanism of surveillance raises ob-
vious concern. Self-palpation of uterine activity is probably aided by both mater-
nal assessments of preterm labor symptoms and by frequent office visits. Among
42 women with confirmed preterm labor in a randomized clinical trial by Martin
and colleagues [26], uterine contractions were the initiator of contact in 31% of
patients. Patient-reported signs and symptoms led to the diagnosis of preterm
labor in 24% of the patients, whereas 26% of the patients had both. Importantly,
19% of the patients were diagnosed by physician evaluation during a routine
office visit or during an unscheduled visit for issues other than those related to
preterm labor. Other studies have also shown the importance of patient-identified
signs and symptoms of preterm labor [27,28]. Unfortunately, a prospective
evaluation of preterm labor signs and symptoms by lams [29] has confirmed what
is intuitively appreciated: that these signs and symptoms lack significant positive
predictive value or specificity.

Another methodologic approach to preterm birth prevention is that of frequent
perinatal nursing contact. This approach builds on the patient education inter-
vention described previously by providing frequent, and in many cases daily,
contact between the at-risk patient and a specialized perinatal nurse. The perinatal
nurses support the educational component by systematically questioning the
patients regarding signs and symptoms of preterm labor and their subjective
uterine contraction frequency based on self-palpation. In addition, the perinatal
nurse reinforces the educational objectives and assesses patient compliance with
physician-directed therapies or restrictions. A less obvious benefit of the perinatal
nurse is the rapport that she develops with the patient and how that rapport
can lend itself to stress reduction, emotional support, and encouragement. The
perinatal nurse also serves as a liaison between the patient and the primary care
provider and is dedicated only to serving a cadre of patients and is without other
clinical duties. The perinatal nurse frequently becomes a patient confidant and is
in an excellent position to be an intermediary with the physician regarding pa-
tient requests or concerns and noncompliance issues. Another important as-
pect of the perinatal nursing contact is its availability on a 24-hours-per-day,
7-days-per-week basis so that the patient can be in immediate contact with her
care providers by telephone rather than having to go to the office, emergency
room, or labor and delivery unit. An elegant description of the potential benefits
engendered by having the perinatal nurse in frequent contact with the high-risk
patient was provided by Merkatz and Merkatz in 1991 [30].

The HUAM is approved by the Food and Drug Administration (FDA) as a
device capable of detecting preterm labor. The device consists of a Smyth Guard-
Ring tocodynamometer as opposed to the typical plunger-type device used for
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monitoring labor contractions at term [31]. The Smyth Guard-Ring tocodyna-
mometer has been compared side-by-side with traditional external contraction
monitors and simultaneous intrauterine pressure catheters. The Guard-Ring de-
vice performed well in detecting contractions confirmed by the intrauterine pres-
sure catheter and was substantially better than the traditional monitoring devices
at detecting contractions before 32 weeks’ gestation [32,33]. This is of critical
importance because neither contraction duration, nor amplitude, nor rhythmicity
differentiates those patients with true preterm labor from those with spurious
labor. Contraction frequency was the only component of prelabor uterine activity
that correlated well with ultimately confirmed preterm labor [34]. In most
protocols the HUAM device is used to monitor uterine contractility at home for
1 hour in the evening and for 1 hour the following morning. The patient is then
called and the uterine contractility data are retrieved by telephone modem and the
number of contractions counted. Contractions are usually identified by a typical
appearance and duration of greater than 40 seconds. Patients with greater than or
equal to four contractions per hour are usually asked to hydrate, void, assume bed
rest in the lateral recumbent position, remonitor for 1 hour, and send in a second
HUAM strip. If excessive uterine activity is still present the health care provider
is contacted and further plans for evaluation of the patient are made.

With the exception of selected clinical trials, HUAM is usually not performed
in isolation but rather as a comprehensive system involving both the uterine
activity monitoring along with perinatal nursing support. In addition to retrieving
the uterine contractility data, the perinatal nurse assesses the patient for signs or
symptoms associated with preterm labor and the patient’s perception of those
contractions as painful or not. The contributions of the perinatal nurse described
previously are coincidental with the telephone contact to retrieve the uterine
monitoring data. In a comprehensive system of preterm birth prevention, the
patient-reported symptoms and the electronically recorded uterine activity are
synergistic in making an early diagnosis of preterm labor. lams and colleagues
[27] reported that nearly 50% of the cases of confirmed preterm labor occurred
in patients who had both excess uterine contractility by HUAM and reported
symptoms of preterm labor. The diagnosis of preterm labor would be delayed in
approximately 25% of cases if uterine activity data and patient-reported symp-
tomatology were not considered simultaneously [27].

The simultaneous assessment of an individual patient’s signs and symptoms
during the daily perinatal nursing telephone call along with objective uterine
activity monitoring complemented by 24-hours-per-day, 7-days-per-week avail-
ability are believed to be critical factors in the early diagnosis of preterm labor. In
the following sections, examples of randomized trials are presented comparing
HUAM augmented by daily perinatal nursing contact versus standard preterm
birth prevention education with less frequent perinatal nursing contact (Table 1);
comprehensive perinatal nursing contact with and without HUAM (Table 2);
HUAM with frequent perinatal nursing contact versus frequent perinatal nursing
contact with sham HUAM versus standard preterm birth prevention education
alone (Table 3); HUAM alone without perinatal nursing support versus standard
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Table 1
Prospective randomized trial comparing HUAM and daily PNC with standard preterm birth prevention
education augmented by twice weekly PNC

Standard education plus

HUAM plus daily PNC twice weekly PNC
Number 34 33
Preterm labor (%) 24 (71) 22 (67)
Gestational age at PTL (wk) 279 + 24 294 + 2.7
Cervical dilatation <2 cm (%) 18 (75) 7 (32)*
Pregnancy prolongation (wk) 82 + 2.7 42 +29°
PTB <37 wk (%) 5(15) 15 (45)°
Birth weight <2500 g (%) 2 of 45 (4) 12 of 41 (29)°
NICU admission (%) 7 of 45 (16) 18 of 41 (44)°

Patients were at high risk for PTB because of a prior PTB (42), multiple gestation (18), or other
indication (7).
Abbreviations: HUAM, home uterine activity monitoring; PNC, perinatal nursing contact; PTB,
preterm birth; PTL, preterm labor.

* P<.0l.

® P<.05.
Data from Morrison JC, Martin Jr JN, Martin RW, et al. Prevention of preterm birth by ambulatory
assessment of uterine activity: a randomized study. Am J Obstet Gynecol 1987;156:536-43;
with permission.

preterm birth prevention education (Table 4); and daily perinatal nursing contact
versus weekly perinatal nursing contact versus daily perinatal nursing contact
plus HUAM (Table 5). Most of these illustrative examples of various study
designs have been emulated by other investigators with remarkably consistent
results. The likelihood of progressive cervical dilatation or spontaneous rupture
of the membranes resulting in early delivery increases dramatically with cervical
dilatation greater than or equal to 3 cm at the internal os. In contrast, earlier

Table 2
Prospective randomized trial comparing comprehensive PNC with and without HUAM

Standard education

HUAM plus daily PNC plus 5/wk PNC
Number 184 82
Preterm labor (%) 66 (36) 28 (34)
Gestational age at PTL (wk) 32.1 £33 315 £ 38
Pregnancy prolongation (wk) 74 + 1.2 8+ 44
PTB <37 wk (%) 67 (36) 35 (43)
Gestational age at delivery (wk) 355+ 29 35.6 £ 2.5
Birth weight (g) 2769 + 780 2726 + 665

Patients were at high risk for PTB caused by a prior PTB (173), multiple gestations (41), or other
indications (94). No differences were statistically significant.

Abbreviations: HUAM, home uterine activity monitoring; PNC, perinatal nursing contact; PTB,
preterm birth; PTL, preterm labor.

Data from references [39] and [40].
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Table 3
Prospective randomized trial comparing HUAM with frequent PNC versus frequent PNC with sham
HUAM versus standard preterm birth prevention education without PNC

HUAM plus Sham HUAM

S5/wk PNC plus 5/wk PNC Standard education
Number 120 127 143
Preterm labor (%) 49 (41) 47 (38) 53 (37)
Gestational age at PTL (wk) 30.1 + 0.6 29.6 + 0.6 29.6 + 0.9
Cervical dilatation <2 cm (%) 96 (80) 97 (76) 41 (28)*
Pregnancy prolongation (d) 369 £ 49 36.1 £ 54 7+ 42°
PTB <36 wk (%) 28 (23) 32 (25) 64 (45)°
Gestational age at delivery (wk) 354 £ 0.7 347 £ 0.8 30.9 + 0.6°
Birth weight (g) 2813 + 821 2709 + 910 2550 + 962°
Birth weight <2500 g (%) 34 (29) 40 (33) 60 (42)*
NICU stay (d) 72+ 1 7.7 £ 1.6 113+ 1.2

Patients were at high risk for PTB caused by a prior PTB (number not specified) and multiple
gestations (189).
Abbreviations: HUAM, home uterine activity monitoring; PNC, perinatal nursing contact; PTB,
preterm birth; PTL, preterm labor.

# P<.05 HUAM/sham HUAM vs standard education.

® P<.01 HUAM/sham HUAM vs standard education.
Data from Dyson DC, Crites YM, Ray DA, et al. Prevention of preterm birth in high risk patients: the
role of education and pronder contact vs home uterine monitoring. Am J Obstet Gynecol 1991;164:
756—62; with permission.

diagnosis allows successful tocolytic treatment with the opportunity to prolong
the pregnancy by several weeks (3—6) rather than a few days.

Clinical trials of home uterine activity monitoring
Clinical trials 1986 to 1989

The initial clinical trials using HUAM were performed by Katz and colleagues
[35] in San Francisco. This first investigation was a nonrandomized comparison
of 76 high-risk patients compared with a like number of matched controls. The
study was performed in a nonrandomized fashion because of a limited number of
available monitors. Inclusion criteria included a prior history of preterm birth,
multiple gestations, uterine anomaly, incompetent cervix with a cerclage, or
diethylstilbestrol exposure. The control group was matched for indication,
gestational age, and parity. The monitored group received twice-daily HUAM
combined with daily perinatal nursing assessment by telephone, whereas the
matched control group received standardized preterm birth prevention education
and instruction in self-palpation of uterine activity. The incidence of preterm
labor was not different between the monitored (51%) and matched control group
(45%); however, all of the preterm labor patients in the HUAM group were
candidates for tocolytic therapy, whereas only 35% of the preterm labor patients
in the matched control group were candidates. Patients were not believed to be
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Table 4
Prospective randomized trial comparing HUAM without PNC versus standard preterm birth
prevention education

HUAM / no PNC Standard education / no PNC
Number 198 179
Preterm labor (%) 43 (25) 39 (24)
Gestational age at PTL (wk) 329 £52 329 +£29
Cervical dilatation <2 cm (%) 31 (73) 11 (28)*
Cervical dilatation mean (cm) 14+ 13 2.5+ 1.5%
Pregnancy prolongation (wk) 3.7 £38 2 4+29°
Gestational age at delivery (wk) 36.6 + 2.4 349 +3.2°
Birth weight (g) 2934 + 708 2329 + 7337
Birth weight <2500 g (%) 8 (19) 25 (63)"
NICU admissions (%) 5(12) 13 (33)°
All women randomized
PTB <37 wk (%) 22 of 164 (13) 35 of 154 (23)°
PTB <31 wk (%) 2 of 164 (1) 9 of 154 (6)°
Birth weight <2500 g (%) 19 of 155 (12) 37 of 142 (26)*
Birth weight <2000 g (%) 9 of 155 (6) 20 of 142 (14)°
Birth weight <1500 g (%) 0 of 155 (0) 7 of 42 (5)*
NICU admission 17 of 164 (10) 32 of 142 (23)°

Patients were at high risk for PTB caused by a prior PTB (186), multiple gestation (38), or other
indications (101). Obstetrican and neonatal outcomes are also shown for all women randomized.
Abbreviations: HUAM, home uterine activity monitoring; PNC, perinatal nursing contact; PTB,
preterm birth; PTL, preterm labor.

& P<.005.

b p<.0s.
Data from Mou SM, Sunjerji SG, Gall S, et al. Multicenter randomized clinical trial of home uterine
activity monitoring for detection of preterm labor. Am J Obstet Gynecol 1991;165:858-66; and
Corwin MJ, Mou SM, Sunjerji, et al. Multicenter randomized clinical trial of home uterine activity
monitoring: pregnance outcomes for all women randomized. Am J Obstet Gynecol 1996;175:1281-5;
with permission.

candidates for tocolytic therapy if the cervical dilatation was greater than 4 cm or
if the patient had experienced preterm premature rupture of the membranes. As a
result of the earlier diagnosis of preterm labor in the HUAM group only 8 (12%)
of 76 patients delivered before 37 weeks’ gestation as opposed to 31 (41%) of
76 (P <.001) in the matched control group.

Simultaneously, Katz and colleagues [36] were also performing a second
nonrandomized cohort trial of HUAM among women who had developed
preterm labor during the current pregnancy and who had been successfully
tocolyzed. Sixty women received twice-daily HUAM and daily perinatal nursing
contact on discharge from the hospital and were compared with a matched control
group also of 60 women who were discharged following instruction on the signs
and symptoms of recurrent preterm labor and the technique of self-palpation of
uterine activity. In both the HUAM group and the matched control group, oral
terbutaline was adjusted to maintain the uterine contraction frequency at less than
four per hour based either on objective electronic uterine contraction monitoring
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Table 5
Prospective randomized trial comparing weekly PNC versus daily PNC versus daily PNC with HUAM

Weekly PNC Daily PNC Daily PNC plus HUAM

Number 798 796 828
Preterm labor <35 wk (%) 22 (2) 23 (2) 27 (3)
Gestational age at PTL (wk) 31 £ 2.8 31+2 30.7 £ 3.9
Cervical dilatation <2 cm (%) 17 (77) 18 (77) 22 (82)
Cervical dilatation mean (cm) 1.8 1.5 1.4
Pregnancy prolongation (d) 28 £ 24 26 + 2.6 31 £25
Gestational age at delivery (wk) 35 £ 30 347 £ 3.2 351 £32
PTB <35 wk (%) 3 (14) 3(13) 4 (13)
Birth weight <2500 g 26 (3) 26 (3) 28 (3)

Patients were at high risk for PTB caused by prior PTB (447), multiple gestation (838), or one of 12
other risk factors for PTB (474). No differences were statistically significant.

Abbreviations: HUAM, home uterine activity monitoring; PNC, perinatal nursing contact; PTB,
preterm birth; PTL, preterm labor.

Data from Dyson DC, Danbe KH, Bamber JA, et al. Monitoring women at risk for preterm labor.
N Engl J Med 1998;338:15-9; with permission.

or on subjective maternal self-palpation. Forty-six women (77%) in the HUAM
group had a total of 83 episodes of recurrent preterm labor compared with
41 women (68%) in the matched control group who had 59 episodes of recurrent
preterm labor. Only 4 (10%) of the 46 patients in the HUAM group with recurrent
preterm labor failed tocolysis, whereas 13 (36%) of the 41 in the matched control
group failed tocolysis. As a result, the frequency of term birth was significantly
higher for the HUAM group (90%) compared with the matched control group
(64%; P <.05). The mean time gained in utero for patients using HUAM and
perinatal nursing contact was significantly longer (7.4 + 3 weeks) than for those
who used self-palpation (4 + 1.2 weeks).

The first prospective randomized clinical trial evaluating HUAM was
performed by Morrison and colleagues [37] at the University of Mississippi.
Sixty-seven women at high risk for preterm labor (42 with a prior history of
preterm birth, 18 with a multiple gestation, and 7 other) were randomized into
two groups. The HUAM group (N =34) received twice daily uterine monitoring
and daily perinatal nursing contact by telephone. The control group received
standard high-risk care augmented by instruction in self-palpation of uterine
activity and by perinatal nursing contact by telephone twice per week (see
Table 1). Both groups had access to a 24-hours-a-day, 7-days-a-week hotline if
preterm labor signs or symptoms developed. A similar number of patients in each
group developed preterm labor; however, those patients in the control group
presented with greater mean cervical dilatation (P <.001) and effacement greater
than 50% (P <.01) compared with the HUAM group. As a result, 92% of the
patients in the HUAM group were considered candidates for tocolytic therapy
with a mean time gained in utero of 8.2 + 2.7 weeks compared with only 45%
of the patients in the control group being candidates for tocolytic therapy with
a mean time gained in utero of only 4.2 £ 2 weeks (P <.05). Ultimately 29 of
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34 patients in the HUAM group delivered greater than or equal to 37 weeks’
gestation compared with only 18 of 33 (P <.05) in the control group.

In 1987, Porto and colleagues [38] presented an abstract at the Society of
Perinatal Obstetricians annual meeting that was unfortunately never published.
The abstract reported on 129 high-risk pregnancies that were randomized
between three groups. The 41 patients in group 1 received daily HUAM with
perinatal nursing contact where the uterine contraction monitoring data were used
for clinical management. Group 2 included 42 patients who also performed daily
HUAM and received perinatal nursing contact; however, the uterine contraction
monitoring data were blinded from the investigators and not used clinically.
Group 3 included 46 women receiving routine high-risk care. Thirteen patients
experienced preterm labor in all three groups but the likelihood of preterm
delivery varied considerably. Four (31%) of 13 patients in group 1 delivered
preterm compared with 6 (46%) of 13 in group 2. Both of these groups did
significantly better than those in the routine care group 3 where 11 (85%) of
13 patients delivered prematurely (P <.005). The performance of group 2 in the
Porto investigation was the first suggestion of the potential value of frequent
perinatal nursing contact alone in patients at high risk for preterm birth.

Following up on the study by Porto and colleagues [38], [ams and colleagues
[39,40] published two papers in 1987 and 1988 describing the first and second
years of a study involving 184 women at high risk for preterm delivery (124 prior
preterm birth, 13 multiple gestations, and 62 other) who were randomized to a
comprehensive program of daily HUAM and perinatal nursing contact. These
women were compared with 82 women at high risk for preterm delivery (49 prior
preterm birth, 28 multiple gestations, and 32 other) who were educated regarding
the signs and symptoms of preterm labor and the technique of self-palpation of
uterine activity. In addition, the comparison group received perinatal nursing
contact 5 days-per-week and had the availability of a 24-hours-a-day; 7-days-
a-week hotline should signs or symptoms of preterm labor develop (see Table 2).
Ultimately, 67 (36.4%) of the 184 patients in the HUAM group delivered before
37 weeks’ gestation compared with 35 (42.7%) of 82 in the control group, which
was not a statistically significant difference. Similarly, there were no differences
in the rate of birth less than 35 weeks’ gestation, birth weight, or prolongation of
pregnancy. Significantly, however, the authors noted an overall decrease in the
rate of preterm birth for all patients between the first (46%) and second (30%)
year of the trial (P <.01). The authors believed that the frequent contact between
the perinatal nurse and the patient resulted in this improvement. Increased atten-
tion to the patient-reported signs and symptoms of preterm labor combined with
heightened physician awareness ultimately decreased the number of preterm
labor patients presenting with advanced cervical change and consequently they
were able to decrease the preterm birth rate for the entire cohort.

In response to these studies the American College of Obstetricians and Gyne-
cologists (ACOG) published a committee opinion on HUAM in 1989 [41]. The
committee opinion was that HUAM had not been shown to add independently to
the value of frequent provider-initiated telephone contact. ACOG recommended
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that use of HUAM remain investigational while awaiting further prospective
control trials. In the meantime, HUAM could not yet be recommended for routine
clinical use. The Diagnostic Therapeutic Technology Assessment committee also
evaluated HUAM in 1989 and concluded that a system of HUAM, including
daily nursing contact, could lower the preterm birth rate in high-risk women [42].
They recommended further study to determine the relative contributions of the
monitored uterine activity data versus daily nursing contact. Most of the panel
(61%) believed that the safety of HUAM had been established, but only 14% of
the consultants believed that the effectiveness of HUAM had been established.

Clinical trials 1990 to 1993

Up until this point in time all the studies of HUAM had been performed at a
single institution. The first multicentered prospective randomized trial was
performed by Hill and colleagues [43] in 299 women at high risk for preterm
delivery with similar indications as the studies previously described. Women
were randomized to receive HUAM with daily perinatal nursing contact (N=
155) or high-risk care enhanced by preterm birth prevention education and more
frequent prenatal visits but no daily nursing contact or electronic uterine
contraction monitoring (N = 144). Once again there was no significant difference
in the incidence of preterm labor; however, at the time that preterm labor was
diagnosed the HUAM group had fewer patients with a cervix greater than 4 cm
dilated (12% versus 0%) and greater than 2 cm but less than or equal to 4 cm
(34% versus 19%) compared with the control group (P <.005). Not surprisingly,
with these differences in cervical dilatation the preterm delivery rate in the
HUAM group was only 42% compared with 65% in the preterm birth prevention
education-enhanced care group (P <.02).

In 1991, Dyson and colleagues [28] reported on the results of three separate
preterm birth prevention interventions from the Kaiser Health Care System in
California [28]. Dyson and colleagues enrolled women with either high-risk
singleton pregnancies (N=201) or twins (N=189) into one of three treatment
groups. Group 1 was a program of standard high-risk care with weekly prenatal
visits after 24 weeks’ gestation. Patients enrolled in this group received weekly
educational sessions regarding the signs and symptoms of preterm labor and were
taught self-palpation of uterine activity. Group 2 received the same program of
preterm birth prevention education and instruction in self-palpation of uterine
activity and was provided with a HUAM. These patients were contacted by a
dedicated perinatal nurse five times per week and were questioned about preterm
labor symptoms and their frequency of uterine contractions by self-palpation.
These patients performed HUAM but the uterine activity data generated by the
monitor was not available to the care providers (sham). Group 3 received the
same educational program as group 2 and was also contacted five times per week
by a dedicated perinatal nurse; however, the HUAM data generated by these
patients were used for clinical management (see Table 3). A threshold of greater
than or equal to six contractions per hour was used as a trigger point for further
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monitoring or physician assessment. The rates of preterm labor were not different
in any of the three groups. The patients in group 3 (preterm birth prevention
education, frequent perinatal nursing contact, and HUAM) had less cervical
dilatation at the time of preterm labor diagnosis, a lower rate of delivery less than
36 weeks’ gestation, a greater gestational age at delivery, and more days gained in
utero compared with the standard preterm birth prevention education group 1.
The patients in group 2 who received the same program of preterm birth preven-
tion education as group 1 but were augmented by frequent perinatal nursing
contact with sham HUAM also had significant improvements in all the same
outcomes compared with the standard care controls. The only benefits specific to
the clinical use of HUAM were among the twin gestations. The rate of NICU
admission among the twin gestations fell from 43.9% in women relying on edu-
cation and self-palpation along with perinatal nursing contact but sham HUAM
(group 2) to 27.9% for group 3 with active HUAM (P <.05). There was also a
reduction in the neonatal hospital stay from 10.2 to 5.6 days comparing the sham
versus active monitored twins. Among the twin gestation cohort, both group 2
and group 3 did substantially better than the standard high-risk care group 1 with-
out the benefit of frequent perinatal nursing contact or HUAM. The differences
among the singleton gestation cohort were not as remarkable, which the author
attributed to the sample size and the lower risk of preterm birth. Although there
were no significant differences between the singleton groups receiving frequent
perinatal nursing contact, both of these groups again did better than group 1
receiving standard high-risk care without perinatal nursing contact or HUAM.
Another prospective randomized trial underscoring the importance of control
group selection was performed by Blondel and colleagues [44] in France in 1992.
They compared a group of 84 women at risk for preterm birth using HUAM and
daily telephone contact by a nurse midwife compared with 84 other high-risk
women who received home visits by nurse midwives. In this study there were no
differences in the frequency of preterm delivery between the two groups (32%
versus 22%; odds ratio 1.7; 95% confidence interval [CI], 0.9-3.5). It is difficult
to interpret this lack of difference between the two treatment groups because the
control group intervention of home visits by nurse midwives is not available to a
large percentage of similar high-risk obstetric patients in the United States.
Late in 1991 the National Institutes of Health convened a HUAM workshop
whose proceedings were published [45]. The workshop concluded that a compre-
hensive program of twice-daily HUAM in high-risk women in conjunction with
daily perinatal nursing contact resulted in a marked increase in the number of
monitored patients who were candidates for tocolysis and a marked decrease in
the rate of preterm birth. They also found no evidence that HUAM resulted in an
increased frequency of diagnosed preterm labor. They noted several limitations of
the available clinical trials. Namely, most of the randomized trials were of modest
size, they failed to show results for women who withdrew, there were unblinded
treatment assignments, and there was a confounding influence of the extra period
of rest associated with HUAM. Most importantly, they emphasized the unclear
relative importance of HUAM versus perinatal nursing contact. They stated,
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however, “in spite of these limitations, the findings that the combined nursing
and monitoring program has led to a substantial reduction in preterm births in
these very high risk women remains a striking, perhaps unprecedented result.”

To gain approval from the FDA for the HUAM device (Genesis System;
Physiologic Diagnostic Services, Atlanta, Georgia) Mou and colleagues [46]
designed a multicentered prospective randomized trial involving 377 women at
risk for preterm birth at three university centers. The methodology for this study
was unique compared with previous investigations. The control group included
179 patients who were provided preterm birth prevention education and were
instructed in self-palpation of uterine activity but received no perinatal nursing
support or HUAM. The HUAM group consisted of 198 women who performed
electronic uterine contraction assessment for 2 hours each day and transmitted
that data to the study center, but without any perinatal nursing contact (see
Table 4). The percentage of patients developing preterm labor in each group was
virtually identical (24% versus 25%) as was the gestational age at which preterm
labor occurred. By the time that preterm labor was diagnosed, however, the mean
cervical dilatation was 1.4 cm in the HUAM group compared with 2.5 cm in
patients receiving preterm birth prevention education and self-palpation instruc-
tion (P <.0006). At the time that preterm labor was diagnosed cervical dilatation
was less than or equal to 2 cm in 73.1% of the patients performing HUAM versus
only 27.8% of the patients in the education and self-palpation group (P <.009).
Once again, as a consequence of the earlier diagnosis of preterm labor, more
effective tocolysis was achieved in the HUAM group allowing a prolongation
of pregnancy by 3.7 + 3.8 weeks compared with only 2 + 2.9 weeks in the
educational and self-palpation group (P <.02). Other significant differences be-
tween those patients who experienced preterm labor in the HUAM group com-
pared with the education and self-palpation group were a greater gestational age
at delivery (36.6 + 2.4 versus 34.9 + 3.2 weeks; P <.009); a greater birth weight
(2934 + 708 versus 2329 £ 733 g; P <.002); fewer deliveries less than 2500 g
(19% versus 63%; P <.0007); and fewer NICU admissions (5 versus 13 infants;
P <.02). None of the infants in the HUAM group required oxygen therapy or
mechanical ventilation and their average NICU stay was 10 days compared with
24.9 days for the infants of mothers in the education and self-palpation group.
These results were criticized because the improved outcomes applied only to
those infants whose mother’s experienced preterm labor as opposed to repre-
senting differences between the entire cohorts.

The patient outcomes from the multicentered trial by Mou and colleagues [46]
were re-evaluated by Corwin and colleagues [47] in 1996 in which they reported
the obstetric and neonatal outcomes for all women randomized using relative
risks and 95% confidence intervals. The frequency of delivery less than 37 weeks
remained significant comparing the entire HUAM cohort (22 of 164) with the
education and self-palpation group (35 of 154; relative risk [RR], 0.59; 95%
CI, 0.37-0.95). The incidence of delivery less than 31 weeks was also sig-
nificantly different between the two groups: 2 of 164 versus 9 of 154 (RR, 0.21;
95% CI, 0.05-0.95). There were also significant differences in the frequency
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of delivery less than 2500 g (19 of 155 versus 37 of 142; RR, 0.47; 95%
CI, 0.28-0.78); delivery less than 2000 g (9 of 155 versus 20 of 142; RR, 0.41; 95%
CI, 0.19-0.88); and delivery at less than 1500 g (0 of 155 versus 7 of 142). The
likelihood of NICU admission was significantly different between the groups
occurring in 17 infants from the HUAM group and 32 of the education and self-
palpation group (RR, 0.50; 95% CI, 0.29-0.85). As a result of the Mou trial, the
FDA approved the Genesis System for the early diagnosis of preterm labor in
women with a previous preterm delivery after 24 weeks’ gestation. The FDA did
not approve the Genesis System for the prevention of preterm birth and does not
advocate any single approach to the clinical care of women at risk of delivering
prematurely [48].

Knuppel and colleagues [49] published a prospective randomized trial in 1990
involving twin gestations only. In this study, mothers with twins were randomly
assigned to HUAM and perinatal nursing contact (N=19) or preterm birth
prevention education and instruction in the self-palpation of uterine activity
without daily nursing contact or HUAM (N=26). Women in both groups were
asked to use greater than or equal to four contractions per hour as the threshold
for which they should contact their primary physician. Although the incidences of
preterm labor were very high there was no significant difference between the two
groups (74% versus 62%). All of the women who developed preterm labor in the
preterm birth prevention education and self-palpation group were greater than or
equal to 3 cm at the time of diagnosis compared with only 10 of 16 patients in the
HUAM group (P <.001). The mean cervical dilatation at the time of diagnosis
was 1.6 cm in the HUAM group and 2.9 cm in the education and self-palpation
group (P <.01). Ultimately, more patients in the education and self-palpation
group (81%) delivered preterm compared with patients in the HUAM group
(50%). This difference was primarily the result of failed tocolysis because of
advanced cervical dilatation at the time of presentation.

In 1993, Nagey and colleagues [50] investigated HUAM in women discharged
from the hospital after successful tocolysis of acute preterm labor. As in the study
by Mou and colleagues [46], HUAM only was provided to 28 women, whereas
29 received routine care. Neither group had benefit of daily perinatal nursing
contact nor was there access to an emergency telephone hotline. Unfortunately,
26 of the 28 patients in the HUAM group were noncompliant with the monitoring
protocol at one point or another, which is substantially higher than the noncom-
pliance rates reported in virtually all other studies. In addition, 4 of the 28 patients
in the HUAM group were never discharged from the hospital and never received
HUAM but remained in the analysis. When recurrent preterm labor occurred
there was a trend toward less cervical dilatation and effacement in the HUAM
group, but these differences were not statistically significant, nor were there any
differences in the preterm delivery rates. The authors acknowledged that they
needed a larger sample size to show a significant detectable difference in out-
comes for the HUAM group.

Primarily as a result of these published prospective randomized trials ACOG
offered a revised committee opinion regarding HUAM in 1992 [51]. ACOG
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concluded, as had the FDA, that HUAM is effective for the early diagnosis of
preterm labor. They also concluded that the value of HUAM to identify patients
at risk and to reduce the preterm birth rate is uncertain. In an additional powerful
statement, however, they endorsed daily provider-initiated contact as being
effective in reducing the risk of preterm birth. The following year in 1993, the US
Preventive Services Task Force published an HUAM policy statement concluding
that the overall evidence showed rather consistently that the combination of
HUAM and frequent provider contact produces better outcomes than standard
care [52]. They went on to state, however, that there is insufficient evidence to
recommend for or against HUAM as a screening test for preterm labor in high-
risk pregnancies, but that recommendations against its use could be made on
other grounds including cost and inconvenience (“C” recommendation). A
critical review of HUAM published by McLean and colleagues [53] in Obstetrics
and Gynecology Survey also in 1993 concluded that those programs incorporat-
ing patient education, nursing care, and uterine activity monitoring for women
identified as being at increased risk for preterm labor unequivocally led to
improvements in the early diagnosis of preterm labor.

Clinical trials 1994 to 1997

In the latter half of the 1990s larger and more ambitious prospective ran-
domized trials were undertaken and completed to define better the role of HUAM
in women at risk for preterm birth. Despite their large size, complexity, and
expense, an awareness of their flawed study design and the control group selec-
tion makes the apparently disparate findings predictable. The first of these pro-
spective randomized trials was by Wapner and colleagues [54] who enrolled
187 patients with a history of previous preterm birth at four university sites over a
2-year period. Eighty-six women were randomized to a protocol of daily home
uterine activity monitoring alone, whereas the control group of 101 women were
provided with preterm birth prevention education and instructed in self-palpation
of uterine activity. The incidence of preterm labor was not different between the
two groups (24.4% versus 21.8%) but the cervical dilatation at the time that
preterm labor was diagnosed was significantly less in the HUAM group (1.7 cm)
compared with the preterm birth prevention education and self-palpation group
(2.8 cm; P <.004). Additionally, 52.4% of the HUAM group experienced preterm
labor with a cervical dilatation of less than 2 cm at diagnosis compared with only
18.2% of the education and self-palpation group (P=.019). Preterm labor
tocolysis was successful in delaying delivery for more than 48 hours in 86% of
the HUAM group with a mean prolongation of pregnancy by 21 days. Similar
success was not achieved in the education and self-palpation group where 50% of
the patients delivered within 48 hours of diagnosis and the mean prolongation
of pregnancy was only 3 days (P <.016). The obstetric and neonatal outcomes
favored the HUAM group among all randomized women. The mean gestational
age at delivery for the HUAM group was 36.4 + 2.5 weeks compared with the
education and self-palpation group, who delivered at a mean gestational age of
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35.1 £ 2.7 weeks. The mean birth weight was greater in the HUAM group (2822 +
710 g) compared with the education and self-palpation group (2574 + 693 g). The
mean number of nursery days in the HUAM group was also reduced (4.8 £ 5.9
versus 9.8 £ 17.3 days) and more admissions to the NICU occurred among the
education and self-palpation group (P <.001). There were only eight total NICU
days in the HUAM group compared with 136 days in the unmonitored group. In
terms of study design, Wapner’s group emulated the methodology of Mou and
colleagues [46] in that the HUAM group received only the uterine activity
monitoring device. Neither group received any perinatal nursing support either by
telephone or home visit. The study by Wapner and colleagues [54] demonstrated
(as did Mou) that the device alone allowed earlier detection of preterm labor
thereby providing an opportunity for greater pregnancy prolongation and improved
obstetric and neonatal outcomes when compared with standard high-risk care.

In 1995, the Collaborative Home Uterine Monitoring Study Group [55] pub-
lished another large multicentered prospective trial involving 18 sites random-
izing 1292 patients over a 28-month period. Patients were enrolled based on 1 of
15 risk factors for preterm birth, although some of the indications were not
strongly associated with an increased risk of prematurity. Of the enrolled patients,
842 (72.3%) completed the study. Women were randomized to one of two
groups: active HUAM (N=405) and sham HUAM (N=437). Both groups re-
ceived daily nursing contact. As with all the other prospective randomized trials
the percentage of patients who developed preterm labor was not different between
the two groups (24% versus 24.4%). Cervical dilatation of any degree (<1, <2,
or <3 cm) at the time of diagnosis of preterm labor always numerically favored
the active HUAM group; however, the differences were not statistically sig-
nificant. The mean cervical dilatation at the time that preterm labor was diag-
nosed was identical (1.6 cm) for both groups. The incidence of preterm delivery
in the active HUAM group was 33% compared with 39% in the sham monitoring
group (NS). Improvements in the rate of preterm delivery less than 34 weeks,
birth weight less than 2500 g, NICU admission, length of neonatal hospital-
ization, and neonatal complications all favored the active HUAM group, but were
also not significant. The study concluded that assessment of uterine contraction
data was not associated with an earlier diagnosis, lower rate of preterm birth, or
enhanced neonatal outcome when added to daily perinatal nursing contact. The
relatively lax inclusion criteria and a higher than usual dropout rate were of
concern. Another concern is that the protocol used greater than or equal to six
contractions per hour as the threshold for evaluation, which is somewhat higher
than most other studies have used and might allow some women to escape the
earliest possible detection of their preterm labor. Most importantly, however, the
study did not include a standard care group (ie, a group without daily perinatal
nursing contact). The sham monitoring group does not represent what is the
current standard of care for most obstetric practices in the United States.

The largest investigation of HUAM was a second study published by Dyson
and colleagues [56] from the Kaiser System in Northern California, this time
involving 30 centers. Over a 4-year period, 2422 pregnancies with at least 1 of
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14 risk factors were randomized into one of three groups: (1) weekly contact with
a perinatal nurse, (2) daily contact with a perinatal nurse, or (3) daily contact with
a perinatal nurse plus HUAM (see Table 5). Women in each of the first two
groups were provided with preterm birth prevention education and instructed in
the self-palpation of uterine activity with an alarm threshold of six or more
contractions per hour. Group 3 received the same education and daily perinatal
nursing contact but also performed uterine activity monitoring during their
telephone contact. The demographic characteristics, distribution of risk factors,
and the incidence of preterm labor were similar between the weekly contact
group (N=798); the daily contact group (N=796); and the HUAM group
(N=2828). The mean cervical dilatation at the time of diagnosis of preterm labor
was 1.8 cm in the weekly contract group, 1.5 cm in the daily contact group, and
1.4 cm in the daily contact plus HUAM group, a difference that was not
significant. The incidence of preterm birth less than 35 weeks’ gestation was 14%
of the weekly contact group, 13% of the daily contact group, and 13% in the daily
contact plus HUAM group. Similarly, the number of infants with birth weight
less than 2500 g, mean days gained in utero, and neonatal outcomes were not
statistically different between the three groups. This study, like that of the
Collaborative Home Uterine Monitoring Study Group [55], failed to demonstrate
a difference associated with the addition of HUAM to a protocol of frequent
perinatal nursing contact, but again did not have a standard high-risk care group
typical of what patients currently receive in clinical practice.

A prospective randomized trial was performed by Brown and colleagues [57]
in 1999 focusing on women who had already undergone successful tocolysis for
preterm labor. Following tocolysis, 86 women were randomized to an HUAM
group and 80 were assigned to an unmonitored group. Both groups received daily
telephone contact and oral terbutaline therapy. The HUAM group had a lower
rate of preterm delivery less than 35 weeks’ gestation (10.9% versus 15%) and
fewer deliveries less than 37 weeks (48.8% in the HUAM group versus 60% in
the unmonitored group). Unfortunately, the sample size was not large enough to
demonstrate significance to these clinical differences. A power analysis per-
formed by the authors indicated that they would have needed 438 women rather
than the 162 they recruited to demonstrate a significant difference in the rate of
preterm delivery less than 35 weeks’ gestation. The control group also received
daily nursing contact placing it outside a standard care protocol and making it
more difficult to show a significant difference compared with the HUAM inter-
vention. Although not significant, the HUAM group had an 11% lower rate of
NICU admissions, a 25% lower rate of NICU days, and a 37% lower rate of
mechanical ventilation.

Meta-analysis of home uterine activity monitor

The role of HUAM in preterm birth prevention has also been the subject
of two meta-analyses, not surprisingly with conflicting results. In 1992 Grimes
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and Shulz [58] analyzed the five published randomized control trials of HUAM
and found them all to have serious methodologic deficiencies. After ranking the
strength of the methodologic approaches they concluded that four of the five
trials demonstrated no significant benefit associated with HUAM. They found
that the combined crude relative risk for all five studies was 0.9 and suggested
that the small improvement in preterm birth rates was likely the result of the
methodologic flaws. They concluded that the value of HUAM versus daily
perinatal nursing contact was basically unproved. Also in 1992, Colton and
colleagues [59] from the Boston University School of Public Health performed a
meta-analysis of HUAM including the studies by Mou and colleagues [46] and
Katz and colleagues [35,36], not reviewed by Grimes and Shultz [58]. In ad-
dition, they reviewed the studies by Dyson and colleagues [56] and Mou and
colleagues [46] separately because of their methodologic superiority. Unpub-
lished data were gathered from the authors of each of the trials to make them as
similar as possible and overcome some of the methodologic deficiencies de-
scribed in the Grimes and Shultz [58] meta-analysis. They found that HUAM was
associated with an earlier diagnosis of preterm labor based on an increased
percentage of women presenting in preterm labor with a cervical dilatation less
than or equal to 2 cm. They found that HUAM was associated with a statistically
significant reduction of 53% in the risk of preterm birth when the cervical
dilatation was 2 c¢cm or less (P <.001). Among all randomized women, in addition
to a reduced frequency of preterm birth, they also found a higher mean birth
weight and a lower frequency of NICU admission. Meta-analysis of the studies
that controlled for nursing contact showed no difference or a stronger pooled
effect compared with studies that did not control for this variable suggesting that
the bias attributed to the nursing contact feature of HUAM is not as appreciable
as some critics had suggested.

The most recent ACOG practice bulletin in 2001, “Assessment of Risk
Factors for Preterm Birth,” supplants its previous committee opinions regarding
HUAM [60]. In that practice bulletin HUAM is discussed together with other
screening tests, such as salivary estriol and bacterial vaginosis assessment. It
concludes that the current data do not support the use of these modalities to
identify or prevent preterm birth. That publication, however, includes much of the
same data analysis present in its 1996 committee opinion. In that committee
opinion, 10 randomized clinical trials were summarized, eight of which showed
consistent benefit in terms of early diagnosis of preterm labor, a reduction in the
preterm birth rate, and benefit to the neonate. The 1996 publication states that the
evidence supports the hypothesis that the use of HUAM in pregnancies at high
risk for preterm birth results in less cervical dilatation at the time of admission to
the hospital for preterm labor, a position also supported by the FDA. The practice
bulletin notes that in many of the studies the demonstrated benefit in reducing
preterm birth occurred only in the women (compared with controls) who devel-
oped preterm labor. Many of the statistically significant differences between
HUAM patients and controls became insignificant when the denominator was
changed from the preterm labor patients to the entire randomized cohort.
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Although this statistical criticism is valid from an “intent to treat” perspective it
remains intuitive that it is those women who experience preterm labor where
HUAM is likely to be of benefit and might serve to prevent adverse obstetric and
neonatal outcomes. Further, follow-up evaluation of all randomized patients in
the Mou and colleagues [46] trial and in the Wapner and colleagues [54] trial
demonstrated clear improvement in obstetric and neonatal outcomes as does the
meta-analysis performed by Colton and colleagues [59]. Ultimately, despite what
seems to be overwhelming evidence, ACOG concludes that the data are
insufficient to support a benefit for HUAM in preventing preterm birth.

Summary

The frustrating aspect of evidence-based medicine is that the evidence
frequently generates more questions than it answers. The currently available basic
and clinical data suggest that HUAM with or without perinatal nursing contact
can reduce the risk of preterm birth and improve perinatal outcomes. Failures in
the battle against preterm delivery probably arise from the more global failure to
understand the complexities of prematurity and its treatment. There is a need to
understand better the enigmatic and powerful forces that initiate the cascade of
events leading to preterm labor and how to identify women experiencing that
cascade. Better treatments are needed to interrupt the cascade, to arrest preterm
labor, and prevent its recurrence. Finally, better measures of successful treatment
are needed. The yardstick of delivery before or at term is too crude a parameter to
measure successful obstetric interventions.

In the meantime, however, credit should be given to HUAM where credit is
due. It accurately identifies prelabor uterine activity that is present throughout the
latter half of gestation, usually below the threshold of patient self-detection.
HUAM has the capability of making the diagnosis of preterm labor earlier than
does the patient left to her own perceptive capabilities. This seems to be a
consequence of an increase in mild to moderate uterine contraction frequency that
occurs 24 to 28 hours before the patient-identified diagnosis of preterm labor.
HUAM has been shown to reduce the risk of preterm birth, improve the gesta-
tional age at delivery, increase birth weight, and improve perinatal outcome
in virtually every prospective randomized trial where the comparison group re-
ceived standard high-risk obstetric care typified by preterm birth prevention
education and instruction in the self-palpation of uterine activity. In no study has
a surveillance program inclusive of HUAM been associated with an over-
diagnosis of preterm labor. The benefits of HUAM, however, cannot be differ-
entiated from other components of the surveillance program, specifically frequent
perinatal nursing contact, improved patient access, and the increased rest
associated with monitoring. In those studies that have failed to show a benefit
associated with HUAM, the control group almost always includes some or all of
these added surveillance elements that move the control group beyond the current
standard of care for patients at risk for preterm birth.
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The data are absolutely clear that HUAM and daily nursing contact are
superior to routine care for the prevention of preterm birth. This was acknowl-
edged by the ACOG committee opinion of more than a decade ago in 1992 [51].
Yet, despite global failure to reduce the rates of preterm birth in this country and
the desperation to find an intervention that is effective in reducing this obstetric
risk, very few practices have adopted increased prenatal surveillance using either
frequent perinatal nursing contact or HUAM. It seems that preterm birth pre-
vention is going to require a greater effort and cost than society has been willing
to expend to date. It is possible that with improved techniques to identify those
women at highest risk for preterm birth, with more successful therapies to
interrupt the cascade of the preterm labor syndrome, or with better measures of
tocolytic success, HUAM might be better recognized as a valuable adjunct to the
obstetric management of this problem.
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Preterm delivery is the largest contributor to perinatal morbidity and mortality
throughout the world. In the United States, nearly 1 in every 8 infants is born
prematurely. Although a portion of these births are indicated preterm deliveries,
the frequency of spontaneous preterm birth has remained largely constant over
the past 50 years. In 2002, 12.1% of all births occurred before 37 weeks’ ges-
tational age. This represents an actual increase of 14% since 1990. Although
part of the contribution to preterm delivery has been an increase in multifetal
gestations because of assisted reproduction, the rate of preterm delivery among
singleton pregnancies has risen from 9.7% in 1990 to 10.4% in 2002 [1]. In
addition, over 65% of infant mortality occurs in preterm infants, nearly 19,000
deaths annually [2].

The preterm delivery contribution to adverse outcome is largely related to
gestational age at delivery. Infants born at less than 32 weeks’ gestation ex-
perience significantly more morbidity than those born later. Although numer-
ous factors may help predict preterm delivery risk, the most consistent differences
in the prematurity rates relate to race. Non-Hispanic whites have the lowest
rate of preterm delivery and very low birthweight, whereas non-Hispanic blacks
have nearly double the incidence of preterm and very low birthweight deliver-
ies (Table 1).
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Table 1
2002 rate of preterm birth in the United States by race and Hispanic origin of mother

White Non-Hispanic black Hispanic
Less than 32 wk GA 1.14 3.50 1.48
Less than 37 wk GA 9.07 15.98 10.63
Total preterm rate 9.07 15.98 10.63

Reported as percent of total deliveries for race.
Abbreviation: GA, gestational age.
Data from National Vital Statistics Reports 2003;52:10.

Preterm deliveries can be categorized into three general groups. About 25%
can be considered indicated preterm deliveries, caused by either unstable
maternal indications or nonreassuring fetal status. Preterm premature rupture of
the membranes results in about 30% of preterm deliveries [3]. The remaining
40% to 50% result from spontaneous preterm labor. Although certain risk factors
have been identified that may increase the risk of premature delivery [4], most
cases occur in patients without clearly identifiable risk factors. As a result, many
investigators have tried to recognize tools that might lead to early and correct
identification of preterm labor, or risk of preterm delivery. A recent survey
discovered over 30,076 citations on screening and diagnosis of preterm labor,
with 19 different tests identified as potential screens for preterm birth [5]. Over
the past decade, cervical length screening and various biochemical markers have
been primarily investigated as potential predictive or diagnostic markers for
preterm labor [6,7].

As of early 2005, only two tests have received approval by the Food and Drug
Administration as markers for preterm labor: fetal fibronectin (Adeza Biomedical,
Sunnyvale, California) and salivary estriol (Salest, Biex, Dublin, California) [8].
A number of other markers have also been studied and continue to be evaluated.
This article reviews current information on biologic and biochemical markers
for threatened or actual preterm labor.

Fetal fibronectin

Fetal fibronectin is a stable glycoprotein found in the interface between the
maternal and fetal components of the choriodecidual junction [9]. It has a
relatively high concentration within the extracellular makeup of this layer [10].
Fetal fibronectin has a role in establishing blastocyst implantation and main-
taining the integrity of the choriodecidual interface [11]. Cervicovaginal se-
cretions contain fetal fibronectin early in gestation, and then again just before
term labor [12]. Concentrations are normally quite low in the second and early
third trimester (Fig. 1).

The characteristics noted previously make fetal fibronectin a logical marker
for threatened or actual preterm labor. The preclinical onset of preterm labor
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Fig. 1. Cervicovaginal fetal fibronectin levels during a normal pregnancy. Levels are normally
elevated before 20 weeks’ gestational age, and again near term. (From Ascarelli MH, Morrison JC.
Use of fetal fibronectin in clinical practice. Obstet Gynecol Surv 1997;52:S1-12; with permission.)

seems to be associated with disruption of the choriodecidual junction, which in
turn releases fetal fibronectin, which can be detected in the cervicovaginal
mucous. Quantitation of fetal fibronectin can be performed and its presence or
absence can then aid in the diagnosis and therapy of the patient. Initial clinical
studies by Lockwood et al [9-11] indicated that fetal fibronectin was a sensitive
marker for risk of preterm delivery, and was also a very significant tool when it
was absent, because there seemed a very low risk of preterm labor occurring in
the next few weeks.

Morrison et al [13] prospectively studied a small group of women who
presented at 24 to 34 weeks’ gestation with regular contractions, but a closed
cervix. A fetal fibronectin sample was obtained, but the results were not avail-
able to the clinicians. In this study, all patients with a positive fetal fibronectin
(N =14) demonstrated preterm labor, and nine delivered preterm. In contrast, the
remaining 14 women with a negative fetal fibronectin only developed preterm
labor in four instances, and one patient delivered before 37 weeks’ gestation. In
this study, a positive fetal fibronectin yielded a sensitivity of 90% and a speci-
ficity of 72%. Of greatest significance was a negative fetal fibronectin, which
demonstrated a 94% negative predictive value.

Iams et al [14], in a larger, multi-institutional study, also collected fetal
fibronectin specimens from 192 women at 24 to 34 weeks’ gestational age and
presenting with regular uterine contractions. In this study, patients were eligible
with cervical dilation up to 3 cm and intact membranes. In addition to risk of
preterm delivery, this study compared fibronectin results with frequency of
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contractions and cervical dilation. In the study by lams et al [14], fetal fibronectin
was superior to both cervical dilation greater than 1 cm and contraction frequency
in predicting preterm delivery. Fetal fibronectin assay was found to be most
valuable at predicting preterm delivery within 7 days, with a sensitivity of 93%
and specificity of 82% and negative predictive value of 99%.

Peaceman et al [15] published the largest study to date on the value of fetal
fibronectin in the management of preterm labor. Over 700 patients were recruited
from 10 different study centers. Specimen results were not available to clinicians
providing care. The study demonstrated that a patient with a positive fetal fi-
bronectin was more likely to deliver within 7 days (relative risk [RR] 25.9; 95%
confidence interval [CI], 7.8-86), within 14 days (RR 20.4; 95% CI, 8.0-53), and
before 37 weeks’ gestational age (RR 2.9; 95% CI, 2.2-3.7). The authors also
demonstrated with logistic regression analysis that a positive fetal fibronectin
was a strong contributor to the risk of preterm delivery within 7 days. Multiple
regression analysis similarly showed the presence of fetal fibronectin, use of
tocolytic agents, prior preterm birth, and cervical dilation greater than 1 cm were
all independently associated with birth before 37 weeks. A retrospective study by
Lopez et al [16], using unblinded fetal fibronectin results, demonstrated a higher
positive predictive value (40%) for delivery within 7 days than the study by
Peaceman et al [15]. The sample size, however, was considerably smaller.

Lukes et al [17] reviewed predictors of positive fetal fibronectin from the
study by Peaceman et al [15] to determine confounders contributing to the
relatively low positive predictive value of the study. They found that there were
five significant variables predicting a positive result: (1) uterine contractions,
(2) cervical dilation, (3) sexual activity or cervical examination within 24 hours
of specimen collection, and (5) vaginal bleeding. This study emphasized the im-
portance of collecting the specimen before examining the cervix, to reduce the
false-positive results.

Additional studies by Nageotte et al [18], Hellemans et al [19], and more
recently by Garcia et al [20] and Sakai et al [21] demonstrated similar outcomes
for the value of fetal fibronectin screening in patients at risk for preterm labor.
Although several studies have reported the results of screening asymptomatic
women, usually at the end of the second trimester, no study has shown any
effective management tool to reduce the risk of preterm delivery. Goldenberg et al
[22] reported the largest study to date of asymptomatic screening, but concluded
it was not recommended because of lack of effective prevention and treatment.

Honest et al [23] conducted a meta-analysis of available studies on the use of
fetal fibronectin sampling in women symptomatic for preterm contractions. The
authors demonstrated that the sensitivity and positive predictive value of the test,
although significant, remains low. The specificity and negative predictive value,
however, are quite high. The sensitivity and positive predictive value of preterm
birth before 37 weeks were 23% to 82% and 45% to 83%, respectively. Speci-
ficity and negative predictive values were 81% to 96% and 76% to 92%. The
greatest clinical value of the test is excluding women with false labor from the
costs and morbidity of aggressive treatment for preterm labor.
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The clinical use of fetal fibronectin sampling was significantly improved with
the introduction of a rapid, semiquantitative testing protocol, the Tli System
(Adeza Biomedical, Sunnyvale, California). Before introduction of the Tli, anal-
ysis required specimen transportation to a central laboratory and ELISA testing.
Results were not usually available until 24 to 36 hours postcollection. The Tli can
be performed in a local hospital, and results are usually available in 1 to 2 hours.
The Tli uses 50 ng/mL as a cutoff for reporting a positive result, as does the
ELISA test.

Specimens for fetal fibronectin should be collected before digital examina-
tion, and preferably more than 24 hours since the last cervical examination or
intercourse. Significant cervical dilation usually minimizes the value of the test,
because treatment of preterm labor is warranted. Factors that can affect the result
of the test other than those noted previously are premature rupture of membranes;
vaginal bleeding (increased positives); the use of vaginal lubricants; and dis-
infectants (increased negatives).

There are now significant data to support the use of fetal fibronectin in
evaluating preterm patients with symptomatic contractions and minimal cervical
dilation. Although the positive predictive value of the test is low, a positive result
does identify a group of patients that must be carefully watched for development
of true preterm labor. Perhaps of greater significance, a negative result has a very
high predictive value that the patient is not at risk of delivering prematurely, and
can prevent unnecessary use of tocolytic agents and extended hospitalization.

Estriol

Contemporary interest in biologic markers, such as estrogen and cortisol, has
evolved from studies conducted in a variety of animal species. Animal studies
have shown that the fetus is responsible for the initiation of term and preterm
labor through the activation of the fetal hypothalamic-pituitary-adrenal axis
[24-26]. Rising levels of cortisol and estrogen are responsible for increasing
the production of contraction-associated proteins, including myometrial re-
ceptors for oxytocin, and gap junctions between myometrial cells [27]. This
“priming” effect enables the uterus to be more receptive to the stimulating ef-
fects of oxytocin and prostaglandins [28]. In the human placenta, however, the
glucocorticoid-inducible enzyme 17a-hydroxylase—17,20-lyase that is crucial to
such actions is absent [25]. The role of steroid hormones in human pregnancy
seems to represent but one factor involved in the initiation of both preterm and
term labor.

Estriol is the major form of circulating estrogen during pregnancy, the other
forms being estrone and estradiol [29]. The levels of all three gradually increase
throughout pregnancy, but there is an exponential rise in estriol levels after
34 weeks [29,30]. This surge in estriol level has been observed to occur 2 to
4 weeks before the onset of term labor [30], and its absence was noted among
women who presented for induction at 42 weeks [31]. These early research
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efforts support the theories that estrogens, in particular estriol, are important in
the initiation of labor in humans.

Measurements of estriol obtained from maternal saliva samples represent bio-
logically active maternal serum levels, and have been used as a practical means
for collecting samples [32,33]. The time of day, administration of corticoste-
roids, and dietary factors, however, seem to influence salivary estriol levels. A
diurnal pattern has been observed, with higher levels occurring at night and
lowest levels during the daytime [34,35]. Studies have shown that the ad-
ministration of corticosteroids, including betamethasone, suppresses estriol levels
[36,37] thereby potentially limiting the clinical use of this assay. There are also
conflicting reports as to the effect of eating on estriol levels. Hull et al [34] noted
decreased estriol levels after eating, which is contrary to those noted by the
manufacturer of the assay (Biex product insert). Because of these potential in-
terferences with the assay, the manufacturer has established guidelines for col-
lection of the saliva sample to ensure reliable measurement of estriol.

There have been several published studies conducted to evaluate the ability of
salivary estriol levels to predict preterm delivery in populations of asymptomatic
women [38-40]. McGregor et al [34] prospectively evaluated serial salivary
estriol levels in 241 women with varying risks for preterm delivery [38]. In
women who delivered term and preterm, a gradual rise was noted in the highest
weekly salivary estriol value. Consistent with prior studies was the observation of
a surge in salivary estriol levels 3 weeks before delivery, whether the delivery
was term or preterm. The investigators also noted that women with a resultant
preterm delivery, when compared with those who delivered at term, consistently
had higher weekly estriol levels between 24 and 34 weeks. Evaluation of the
results from singleton pregnancies noted an estriol level of 2.3 ng/mL as the
optimal cutoff for predicting those women at risk for preterm labor and delivery,
with a sensitivity of 71%, specificity of 77%, and positive predictive value of
23%. When the test was applied retrospectively and compared with other clinical
tools for predicting preterm delivery, salivary estriol was noted to be more
accurate than conventional clinical risk factors (77% versus 37%, respectively).

In an extension of these findings, Heine et al [39,40] prospectively evalu-
ated the predictive accuracy of salivary estriol with that of a modified Creasy
score for predicting preterm labor and subsequent preterm delivery. A total of
956 women with singleton gestation were originally enrolled in the study be-
tween 21 and 25 weeks, among which 302 (31.6%) were categorized as high-risk
with a Creasy score of at least 10 or more. In the analysis, 355 women (37%)
were excluded because of a number of factors. Among the remaining 601 patients
analyzed, there were 23 (3.8%) spontaneous preterm deliveries with 11 occurring
in the high-risk group. In the high-risk group of women, the accuracy of a single
positive salivary estriol test for predicting the pregnancy outcome was 68%
versus 7% for the modified Creasy score. In a separate analysis [40], a single
elevated salivary estriol level was significantly associated with a risk for preterm
delivery with risk ratios between 3.4 and 4.2 in the general population, and in
the individual high- and low-risk group. A second positive test within a week of
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the original positive test was associated with an increase in the risk for preterm
delivery, with risk ratios of 5.8 to 8.5. Despite these strong associations, the
ability of a positive result to predict the timing of preterm delivery was less
robust. Only 23% of the women with a positive result delivered within a week
of the test, whereas 54% delivered within 2 weeks and 85% delivered within
3 weeks of the test. A second positive result enhanced the predictive ability of the
test, with 70% of women delivering within a week of the second result, 90%
within 2 weeks, and 100% within 3 weeks. Although a single positive estriol test
is associated with an increased risk of preterm delivery, it seems to be a better
predictor of late (>34 weeks) preterm delivery. The clinical use of salivary estriol
within the asymptomatic population is uncertain given its limited ability to pre-
dict preterm delivery proximate to a positive result and earlier preterm delivery
(ie, those before 28 weeks), which contribute the greatest to the morbidity and
mortality associated with preterm delivery.

The role of salivary estriol in women who present with symptomatic
contractions or who have multiple gestations is unknown. Suppression of estriol
by betamethasone and the uncertain effects of tocolytics on estriol levels rep-
resent a major hurdle in evaluating the use of this assay in women who present
in preterm labor. In the study by McGregor et al [38], 26 women (10% of the
study subjects) carried multiple gestations. These results were not included in
the published data, however, and there have been no additional studies published
to date evaluating the predictive value of salivary estriol in twin and triplet
gestation. Additionally, the Food and Drug Administration approved salivary
estriol assay has been approved for use only in women with singleton gestations.
Because the current data suggest that salivary estriol levels are predictive of late
preterm delivery (34-37 weeks) in singleton gestations, it is unlikely that such an
assay is effective in predicting preterm delivery among women carrying twins, or
higher-order pregnancies, because these populations are at substantial risk for
early preterm delivery.

Corticotropin-releasing hormone

Corticotropin-releasing hormone (CRH) is expressed by the human placenta
and the fetal membranes, with the highest level of production during the third
trimester. This increase in production results in CRH being secreted into the fetal
and maternal circulation. Unlike the usual inhibitory effects on CRH production,
rising fetal cortisol levels during the third trimester stimulate the expression of
CRH by the fetal membranes [24-28,41]. This paradoxical effect involving
cortisol and placental CRH suggests that the placenta may be involved in the
process of initiating labor, and has led some authors to propose the concept of a
“placental clock™ that determines the duration of the human pregnancy [41,42].

Initial studies yielded conflicting data as to the association between CRH and
preterm delivery [43-45]. Berkowitz et al [43] retrospectively evaluated the
CRH levels from frozen samples obtained during four gestational age intervals
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(20-24 weeks, 24-28 weeks, 28-32 weeks, and 3236 weeks). Of the 396 women
evaluated, 45 (11%) were delivered preterm. There was no significant difference
in the mean CRH among the women with a subsequent preterm birth compared
with those who delivered at term. A sharp increase in CRH level was also noted
with advancing gestational age, however, among all groups.

In contrast, Wadha et al [44,45] noted higher levels of CRH among those
women who had a spontaneous preterm delivery. In the larger cohort study, CRH
level were obtained at 33 weeks from 232 women with singleton pregnancies
[45]. Delivery was preceded by labor in all women, with 22 (9.5%) women who
delivered preterm (<37 weeks) and 18 (7.8%) who delivered postterm (>41
completed weeks). The CRH level at 33 weeks was significantly higher among
women who delivered preterm when compared with those who delivered at
term (215 £ 31.5 versus 139.6 = 11.7 pg/mL [£ SEM], respectively; P <.01).
Conversely, the CRH level of women who delivered postterm was signifi-
cantly lower when compared with those who delivered at term (62 £ 11.4 versus
139.6 £ 11.7 pg/mL [£ SEM], respectively; P <.001). Women at high risk for
preterm delivery were also noted to have higher CRH levels when compared with
women at low risk (193.7 £ 22.3 versus 118.9 + 10.9 pg/mL [+ SEM], respec-
tively, P<.001). Even after adjusting for the potential confounding effect of
clinical risk status for preterm delivery, an elevated CRH at 33 weeks was asso-
ciated with a 3.3-fold increase in the RR for spontaneous preterm birth.

There have been several studies to determine the use of CRH for predicting
subsequent preterm birth among women who present with threatened preterm
labor [46—48]. Korebrits et al [46] evaluated 233 women who presented with
preterm labor between 24 and 36 weeks with a singleton gestation. CRH levels
were obtained at the time of admission, before the administration of any
intervention. Maternal CRH was noted to be significantly higher among those
who delivered within 24 hours admission (1343.3 £ 143.9 pg/mL, N=81) when
compared with those who delivered more than 24 hours later (714.5 =+
64.8 pg/mL, N=144) and term control patients (445.3 £ 41 pg/mL, N=28).
When stratified by the gestational age at the time of presentation, these dif-
ferences among the groups remained significant at 28 to 32 weeks and 32 to
36 weeks, but not in those presenting at 24 to 28 weeks.

Additional studies by Bisits et al [47] and Warren et al [48] have demonstrated
similar trends in the CRH among those women who present with symptoms of
preterm labor and subsequently deliver preterm. Despite these findings, the
potential limitation of this particular assay in clinical practice was noted in the
study by Warren et al [48]. In one subgroup of women, those who delivered
preterm with clinical signs of infection had CRH levels that were comparable
with normal pregnancies (660 + 104 and 490 + 50 pg/mL, respectively), and
were significantly lower than those women who delivered preterm without signs
of infection (1220 £+ 170 pg/mL, P <.05) [48]. Additionally, they noted that the
mean CRH level remained significantly elevated among those women who were
treated for preterm labor and remained undelivered when compared with pa-
tients with a normal pregnancy. Such findings raise questions regarding the use
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of CRH for predicting early preterm delivery (<28 weeks), because such events
are frequently associated with infection [49]. Furthermore, the clinical use of
CRH is unknown among those women who present recurrent symptoms of pre-
term labor.

B-Human chorionic gonadotropin and alpha fetoprotein

Elevated levels of 3-human chorionic gonadotropin (HCG) and alpha feto-
protein have been noted, either individually or in combination, to be associated
with an increased risk for adverse pregnancy outcomes including preterm
delivery [50-52]. Initial studies including those by Katz et al [50], Gonen et al
[51], and Onderoglu and Kabukcu [52] noted the association between ‘“unex-
plained” elevations of these maternal serum analytes, in women who had nor-
mal targeted ultrasound elevations to exclude spina bifida, and the subsequent
risk of developing adverse pregnancy outcomes, including preterm delivery. They
hypothesized that the increased levels in the maternal serum indicated either
abnormal placentation or disruption in the integrity of the choriodecidual inter-
face. Other studies confirmed such an association with measurement of these
analytes in cervicovaginal specimens or from amniotic fluid samples [53,54]. In
contrast, several studies challenged the association between abnormal HCG and
alpha fetoprotein with adverse pregnancy outcomes [55,56].

Van Rijn et al [57] suggested that the discordance of the results among the
studies was attributable to differences in the population being studied with
regards to risk for preterm delivery. They evaluated the relationship between
unexplained elevation of maternal serum HCG and alpha fetoprotein with the
likelihood of various adverse pregnancy outcomes (including preterm delivery)
in women at low and high risk for such events. Among the entire study popu-
lation, the risk of preterm delivery before 34 weeks or any adverse pregnancy
outcomes was increased (3.5, 2-6.3 and 3.1, 2.5-3.7, respectively; RR and 95%
CI). When stratified by clinical risk status, the likelihood of any adverse preg-
nancy event among the women with any abnormal result was significantly in-
creased in the low-risk group (3.8, 2-7; RR, 95% CI), but not in the high-risk
group (1, 0.6-1.5; RR, 95% CI). Because of the size of the cohort, however,
they could not compare specific outcomes, such as preterm delivery, between the
low- and high-risk groups.

Despite the association between preterm delivery and HCG and alpha
fetoprotein, the design of these earlier studies prevented any assessment with
regards to the risk of preterm delivery. Gurbuz et al [58] prospectively evaluate
102 women who presented with symptoms of preterm labor and intact mem-
branes. They noted a strong negative correlation between cervicovaginal HCG
levels and the time from sampling until delivery (R =-0.80, P <.0001). At varying
HCG cutoff values, they noted a robust ability to discriminate delivery in the near
future. For example, the ability of an HCG greater than 32 mIU/mL to predict
delivery within 7 days had positive and negative predictive values of 89% and
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95%, respectively. These findings have yet to be confirmed by other inves-
tigators, but suggest a possible role for using HCG in the clinical setting.

Other biologic markers for predicting preterm labor

Several other biochemical markers have been associated with an increased
risk of preterm delivery including activin, inhibin, and relaxin [59,60]. These
glycoproteins are produced in the placenta and decidua and seem to facilitate
the labor process through varying mechanisms: the former two through the
release of local prostaglandins [61], whereas the latter seems to be involved in
collagen remodeling within the amnion and chorion [60]. Although promising as
potential markers, Plevyak et al [59] noted a significant effect with activin and
inhibin levels only at 31 to 34 weeks’ gestation. Further research is required to
determine the clinical use of these markers for predicting preterm delivery.

Summary

Numerous markers continue to be studied as useful tools in the prevention of
preterm delivery. Fetal fibronectin is the only assay widely used and consistently
supported in recent studies. Although the predictive power of this marker is
relatively low for preterm delivery, the specificity allows it to be used to exclude
patients who would otherwise be aggressively treated for false preterm labor. It is
possible that newer biochemical markers, either alone or in combination with
existing markers, may be more sensitive in identifying patients truly at risk of
preterm delivery.
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In the last few years, ultrasound of the cervix during pregnancy has been the
focus of much research. Significant advances have been made in its technique
and in understanding the proper role of this procedure in several clinical settings.
This article reviews the evidence for the clinical role of transvaginal cervical
assessment in women with symptoms of preterm labor (PTL).

Diagnosis of preterm labor and the limitations of manual cervical
examination

The diagnosis of PTL is usually made between 20 and 36 weeks by regular
contractions and cervical change detected by manual examination as dilation or
effacement [1]. The standard assessment of women in PTL in most developed
and underdeveloped nations includes only manual cervical assessment to docu-
ment such cervical change. Manual cervical assessment is subjective and not very
reproducible (interobserver variability of 52%) [2]. It is also not accurate for
evaluating the internal os (the whole upper half of the cervix is not measur-
able by this method) [3]. This is a major shortcoming because in both term
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and PTL it is at the internal os (and not at the external os) that the cervix starts to
shorten and dilate. Manual cervical assessment is also nonspecific, because about
15% of primiparous women and 17% to 35% of multiparous women who are
delivered at term have cervices that are 1 to 2 cm dilated by manual examination
in the late second trimester [4].

Although PTL precedes over 50% of preterm birth (PTB), less than 30% of
all the women who present to the labor ward with signs or symptoms of PTL
deliver before 35 weeks, and less than 10% deliver within 7 days [5,6]. The
accurate diagnosis of PTL is an important goal, given that about 70% of patients
in placebo-controlled tocolytic trials deliver at term (false-positives) and about
20% of patients sent home after evaluation of PTL deliver preterm (false-
negatives) [7].

Transvaginal ultrasound versus digital examination of the cervix

Several studies [8—10] have compared the reliability, validity, and clinical use
of digital examination with transvaginal ultrasound (TVU) for predicting PTB
in women with the diagnosis of PTL. In all of these studies TVU was shown
to be clearly superior to manual examination for evaluation of the cervix and
prediction of PTB in women with PTL. The superiority of TVU is that it can
detect shortening of the cervical canal before it becomes evident with manual
examination [11]. TVU cervical length (CL) is clearly superior to the clinically
used manual dilatation and effacement in prediction of PTB [12]. Other studies
have confirmed the safety [13] and acceptability [14—17] of TVU of the cervix.
No significant inoculation effect of bacteria was noted with TVU [13]. Only
minimal or no discomfort was reported by women undergoing TVU, with pain
or severe discomfort in less than 2% of women [15]. Over 99% of women agreed
to have a similar procedure in the future [17]. Although the authors are not
aware of a direct comparison of manual with TVU examinations, these safety
and acceptability rates for TVU of the cervix compare well with manual exami-
nation rates.

Technique of cervical sonography

Transabdominal ultrasound of the cervix is inadequate because (1) fetal parts
can obscure the cervix, especially after 20 weeks; (2) it requires bladder filling,
which can elongate the cervix and mask funneling; and (3) the long distance from
the probe to the cervix does not allow for clear visualization of the cervix.
Because there are better techniques for assessment of the cervix, transabdomi-
nal ultrasound should not be used to assess the cervix in pregnancy.

Translabial (also known as transperineal) ultrasound is more useful. This tech-
nique involves having the woman lie on the table with the hips and knees flexed,
while a gloved transducer is positioned on the perineum in a sagittal orientation
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between the patient’s labia majora. This technique is not impaired by obstruc-
tion from fetal parts, and does not require bladder filling, achieving close to 100%
visualization. Other advantages of this technique are (1) the transducer is closer to
the cervix, but does not enter the vagina (so no pressure can be exerted on the
cervix); (2) it does not require an additional transducer; and (3) it is well accepted
by pregnant women. One drawback of this approach is that gas in the rectum
can hamper visualization of the cervix, especially the external os. Another sig-
nificant shortcoming is that this technique is difficult to master, probably be-
cause of the poor visualization usually achieved compared with TVU. Translabial
ultrasound should only be used in the rare woman with PTL who declines TVU.
The technique of TVU shares the advantages of translabial ultrasound, but the
probe is even closer to the cervix, and the problem of obscuring bowel gas is
eliminated. It has become the preferred, gold standard method of evaluating the
cervix in clinical settings, including women with PTL.

The sonographer or physician should begin TVU of the cervix by having the
woman empty her bladder. After preparing the clean probe covered by a condom
the woman is asked to insert the probe in the introitus. At this point the
sonographer or physician places the probe in the anterior fornix of the vagina,
so to obtain a sagittal view of the cervix, with the long axis view of echogenic
endocervical mucosa along the length of the canal. The probe is withdrawn
slightly until the image is blurred, and enough pressure is then reapplied to
restore the image (to avoid excessive pressure on the cervix, which can elongate
it). It is important to enlarge the image so that the cervix occupies at least two
thirds of the image, and external and internal os are well seen. At this point the
CL is measured from the internal to the external os along the endocervical ca-
nal (Fig. 1). The authors now obtain at least three measurements, and record
the shortest, best measurement in millimeters. CL may change over the 5- to
10-minute course of the TVU examination. It is important to use the best shortest

Fig. 1. Transvaginal ultrasound of cervix with normal (>30 mm) cervical length.
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CL for clinical management. Transfundal pressure does not add to the ex-
amination, and may not need to be performed [18].
For best results:

1. The internal os should be flat or at an isosceles angle with respect to the
uterus and the external os should be visible and appear symmetric.

2. The whole length of the cervix should be visualized, so that the en-
docervical canal is visible from the internal to the external os.

3. A symmetric image of the external os should be obtained, so that the
distance from the surface of the posterior lip to the cervical canal should
be equal to the distance from the surface of the anterior lip to the cer-
vical canal.

4. There should not be any increased echogenicity in the cervix (a sign of
excessive pressure) [19].

Although TVU of the cervix is usually straightforward, there is some ana-
tomic or technical difficulty encountered in about one fourth of patients [20].

1. Anatomic

Focal myometrial contraction: may obscure the internal os and make the cer-
vix appear longer than it is.

Endocervical mucus or polyps: may appear to separate the anterior and
posterior borders of the endocervical canal and make the cervix measure
shorter than it is.

Rapid cervical change (dynamic cervix): CL may fluctuate during an exami-
nation. This is itself a risk factor for preterm delivery, especially if the
shortest cervical measurement is below 15 mm.

2. Technical

Vaginal probe orientation: because the cervical canal has width (usually less
than 1 cm in the axial plane) the manual examination may show a greater
dilatation than the TVU CL in just the sagittal plane. In addition, in
inexperienced hands, it is possible to obtain several diagonal angles
through the cervix all giving a shorter CL than the true sagittal plane.

Pressure distortion: even minimal pressure on the cervix falsely elongates the
CL measurement. Increased echogenicity within the cervix or just posterior
to it usually indicates excessive probe pressure.

For these reasons, some have recommended that a sonographer be supervised
for the first 50 procedures while expertise is being acquired.
Evaluation of patients with suspected preterm labor

TVU of the cervix has been studied extensively as a predictor of PTB in
patients with symptoms of PTL (Table 1). Some studies evaluated CL on
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Table 1
Prediction of PTB by TVU in women with symptoms of preterm labor (singleton pregnancies)

PTB GA CL
PTB defined Studied cutoff %
Author N (%) (wk) (wk) (mm) abn Sens Spec PPV NPV RR

Murakawa [22] 32 34 NA 25-35 <30 53 100 71 65 100 *
<25 31 64 8 70 82 39
Tams [9]° 60 40 <36 24-34 <30 73 100 44 55 100 *°
Gomez [8] 59 37 <37 20-35 <18 41 73 78 67 83 39
>0.52° 31 76 94 89 86 69
Timor-Trisch [25] 70 27 <37 20-35 Wedging 54 100 75 59 100 *

Rizzo [24] 108 44 <37 26-30 <20 NA 68 79 71 76 3
Rozenberg [23] 76 26 <37 24-39 <26 39 75 73 50 89 4.6
Crane [10] 136 27 <37 23-33 <30 50 81 65 46 9 23
Venditelli [28]° 200 41 <37 19-36 <30 64 83 88 54 80 28
Tekesin [30] 68 41 <37 20-35 <26 N/A 82 63 63 83 7.7
Tsoi [5] 216 8 <7d 2436 <I5 20 94 89 37 99 101¢
Fuchs [6] 253 8§ <7d 2435 <15 14 81 92 47 98 4

Author names in italics indicate studies of patients with PTL included in Leitich et al [21]. For studies
listing two sets of numbers for predictive accuracy, different CL cutoffs were used.
Abbreviations: % abn, percent abnormal; CL, cervical length; GA, gestational age; NPV, negative
predictive value; PPV, positive predictive value; PTB, preterm birth; PTB %, incidence of preterm
birth; sens, sensitivity; spec, specificity; TVU, transvaginal ultrasound.

 Infinity, because one of the boxes was zero.

® Twin pregnancies included.

¢ Cervical index.

4 0dds ratio.

presentation, and some after interventions were already implemented to stop
the PTL. Although inclusion criteria for PTL and other variables in these stud-
ies were all slightly different, all showed a statistically significant predictive
accuracy of TVU for PTB. In 1999 Leitich and colleagues [21] performed a
systematic review of the use of TVU to predict PTB. They identified seven
studies that included women with preterm labor [8-10,22-25]. These studies
varied considerably in their population sizes, inclusion and outcome criteria, and
overall frequency of PTB; TVU CL was measured at a mean gestational age
between 28.6 and 31.1 weeks. Optimal cutoff value of CL for PTB also varied in
these studies from 18 to 30 mm. Nevertheless, the pooled data suggested a cutoff
of 30 mm has sufficient sensitivity to identify between 70% and 100% of women
who will have a PTB. Moreover, a CL of greater than 30 mm had a negative
predictive value close to 100% for PTB between 34 and 37 weeks, effectively
identifying patients who would not deliver preterm (see Table 1 italics). A cutoff
of about 20 mm had the best positive predictive value (70%). This information
may be helpful in avoiding hospitalization and more intensive therapies in
women who have a very low risk of PTB. Additional studies performed since this
review confirmed that TVU CL is a very good predictor of PTB in PTL patients.
These are also included in Table 1 (no italics).
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What to measure when in preterm labor

CL is the most reproducible and valid variable for TVU cervical assessment
in prediction of PTB (Fig. 2) [26]. The addition of funneling does not improve
the prediction based on CL alone [27]. In women with PTL, funneling (>5 mm)
was not found to be predictive of PTB, whereas CL was significantly predictive
[28]. The addition of funneling information did not improve the predictive
accuracy of TVU CL. In a large study of asymptomatic women, funneling pre-
dicted PTB and a short CL, but was more subjective, having a higher inter-
observer variability [29]. All studies of TVU of the cervix in women with PTL
except two mentioned CL as the best predictor of PTB in this population (see
Table 1). Although one study reported cervical index (CL and funnel length) to be
more predictive than CL alone [8], and another showed wedging (ie, funneling)
to be as predictive as CL, most investigators have found measurement
incorporating funnel length to be less reproducible and so less clinically useful.

A German group has shown that quantitative ultrasound gray-scale analysis
is predictive of PTB in women with PTL [30]. In their study, this prediction was
as good as CL, but the combination of the two did not improve the prediction
of PTB based on CL alone. These results need to be replicated before being
clinically useful. CL is all that needs to be measured on a TVU of the cervix for
prediction of PTB in women with PTL.

When to measure transvaginal ultrasound cervical length in regards to
contractions

Several studies have confirmed that CL changes during a contraction [31,32].
Dynamic cervical change detected by TVU is common in women with PTL
symptoms, and is associated with uterine contractions. Asymptomatic women

Fig. 2. Transvaginal ultrasound of cervix with short cervical length.
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found to have a short CL often have contractions [33]. If women with a short
CL are found to have contractions, their risk of PTB is double that of similar
women without contractions [34]. In women with term labor, CL shortens about
50% on average during a contraction [31]. The degree of shortening is signifi-
cantly greater in the normal latent and active phases compared with prolonged
latent and active phases [31].

In general, the best predictive measurement of PTB in women with PTL is
the shortest, best CL of multiple (at least three) measurements over the course
of about 5 minutes. It is important to measure the CL over time because change
may occur in about 50% of women with PTL over a 10-minute interval [32].

The possible use of repeat measurement of CL after tocolysis for PTL has
been studied in 109 women [35]. These French authors confirmed that the ini-
tial CL at presentation with PTL predicts PTB. Although a repeat CL after
48 hours of successful tocolysis also predicted PTB, it was no better than the first
measurement at presentation. Moreover, the variation in CL between first and
repeat CL had a mean of only 3 mm, and was not predictive of PTB. After suc-
cessful tocolysis, an increase of greater than or equal to 8 mm in CL compared
with the initial CL was seen in 25% of women, whereas 25% of women had
a decrease in CL. The increase in CL might be explained by relaxation of
the upper cervix and lower uterine segment after the contractions stopped, but
this is probably a temporary finding, because it was not predictive of PTB. They
concluded that “to repeat ultrasonographic CL measurement after successful
tocolysis is useless” [35].

It is important to emphasize that the shorter the CL, and the earlier the
gestational age with a short CL, the higher the incidence of PTB. The clini-
cian should also correlate the TVU CL information with the clinical situation.
For example, for a given CL and gestational age, the incidence of PTB is very
different based also on other risk factors, in particular multifetal gestations
and prior PTB. Studies of predictive accuracy of CL that mix such populations
(eg, singletons and twins) have poor clinical use (see Table 1).

Management of preterm labor and cervical sonography

Unfortunately, no prospective, randomized trial based on an intervention has
been performed based on the association that short CL predicts PTB in women
with PTL. Most research on PTL should have the goal of reducing PTB. There
is a need to assess if the use of therapeutic interventions, such a bed rest,
hospitalization, in utero transfer to a tertiary care center, tocolysis, and steroids, is
improved by the use of TVU CL in this population. Additionally, there is a need
to assess if the use of TVU CL helps clinicians better focus interventions for
PTL, not only by intensifying treatment of high-risk PTL women, but also by
decreasing or avoiding interventions in low-risk women. The effect of TVU CL
on PTL management can be tested numerous ways. One approach is to randomize
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women in PTL to have the results of TVU CL available or not to the managing
obstetrician. Such a study is underway at the authors’ institution.

Evidence for clinical use of cervical sonography in women with preterm
labor

Three nonrandomized trials have been reported on the effect of TVU CL on
clinical management in women with PTL. Zalar [36] reported a decrease in in-
cidence of birth weight less than 2500 g when TVU of the cervix was used to
triage patients to bed rest and tocolysis, compared with historic controls. Rageth
and colleagues [37], also using historic controls, limited tocolysis to patients with
a CL of less than 30 mm. They demonstrated a decrease in the total number of
hospitalization days, and the median length of hospitalization, without a change
in the incidence of PTB. Among the 114 patients admitted for PTL, no patient
with a CL greater than 30 mm delivered before 35 weeks. Most recently, a
prospective, comparative study from Spain showed that in women with suspected
PTL, assessing either the CL on admission or the lack of change in CL within
24 to 48 hours after admission reduced the mean duration of hospitalization by
2 days compared with controls in which the CL information was blinded [38].
Nevertheless, over 90% of all patients received tocolysis, and there was no
difference in the frequency of PTB between the groups.

A cost-effectiveness analysis of the use of CL and fetal fibronectin (FFN)
to guide treatment with tocolytics and steroids was performed by Mozurkewich
and colleagues [39] comparing nine management options. Using the primary
outcomes of respiratory distress and neonatal death, they found that universal
administration of steroids, and using CL, FFN, or both to determine the need for
hospitalization and tocolysis, resulted in the best balance of costs with the lowest
risk of respiratory distress and neonatal death. Some units have stopped
performing manual cervical assessments in women presenting with signs or
symptoms or PTL, and instead use CL less than or equal to 26 mm together with
at least two contractions per 10 minutes as criteria for admission and treatment
[35]. Randomized trials should be performed in this area before clinical use can
be recommended.

Preterm labor, short cervical length, and infection

In some women, PTL is a manifestation of intrauterine infection. The clinical
diagnostic criteria for intrauterine infection have poor predictive value. There is a
strong association between a short CL on TVU and infection. Recently, it has
been shown that in women with symptoms of PTL, the shorter the CL, and the
earlier the gestational age at PTL, the higher the incidence of amniocentesis-
documented microbial invasion of the amniotic cavity [40]. Although routine
amniocentesis in all women with symptoms of PTL may cause more harm than
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good, cervical sonography may help distinguish the subgroup of these women
who are most at risk for intrauterine infection and indeed may warrant further
infection work-up.

A short CL in women without symptoms of PTL may be caused by an intrin-
sic weakness of the cervix from traumatic or surgical damage; a congenital dis-
order; a connective tissue disease; or by premature cervical ripening, a process
that is poorly understood but may be initiated by subclinical infection or in-
flammation [27]. A short CL may provide easier access of potentially pathologic
vaginal organisms into the intrauterine environment, leading to prolonged sub-
clinical chorioamnionitis and subsequent PTB. High amniotic fluid interleukin-6
(a proinflammatory cytokine), later development of chorioamnionitis, and acute
inflammatory lesions of the placenta have all been associated with a short CL
on TVU.

The role of fetal fibronectin with cervical sonography in women with
preterm labor

In addition to TVU CL, FFN, a glycoprotein found in amniotic membranes,
decidua, and cytotrophoblast, has been extensively studied and is widely ac-
cepted as a very good predictor of PTB. When FFN is present in cervicovaginal
secretions after the 20th week of gestation, it predicts PTB better than cervical
dilatation, effacement, and contraction frequency [9,41]. The first study to com-
pare FFN with CL in women with PTL was performed by Rizzo and colleagues
[24]. They noted improved predictive values adding CL to FFN. In their study,
women with PTL and a positive FFN had a significantly shorter admission to
delivery interval if they also had a short cervix less than 22 mm. Rozenberg and
colleagues [23] showed that CL less than or equal to 26 mm and positive FFN
(>50 ng/dL) were approximately equivalent in their prediction of PTB less than
37 weeks. They argued that for physicians equipped and trained to do reliable
TVU of the cervix, the addition of FFN provided only slight benefits.

In 2002, Hincz and colleagues [42] proposed the “two-step test,” sequentially
combining sonographic CL with FFN. They demonstrated improved predictive
values for admission-to-delivery interval with the combined use of FFN and CL
for CL less than 30 mm but, because of small numbers of patients, only noted
significance with CL in the 21 to 30 mm. As noted by others [9,22], no women
had PTB if they had a CL greater than or equal to 31 mm upon presentation with
PTL. Combining a highly sensitive test (identifying all those who will deliver
early) with a highly specific test (identifying all those who will not deliver early)
results in fewest false-positive and false-negative results. Using CL less than or
equal to 31 (sensitivity approximately 100%) and FFN (specificity about 93%),
few patients destined to deliver within 28 days would be missed, whereas patients
who would not deliver within 28 days would be identified and could safely
forego more intensive monitoring and therapy. It is important to recognize that in
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these studies the incidence of PTB varied considerably (26%-44%), the primary
outcome varied from PTB less than 37 weeks to admission-to-delivery interval,
and all patients were treated with tocolysis. These factors affect the general-
izability and reliability of these studies, and should be taken into consideration
when applying this information to other patient populations. For example, lams
and colleagues [43] calculated that the probability of PTB less than 35 weeks for
asymptomatic women with a prior PTB, a CL greater than 35 mm, and a positive
FFN was 28%, but the probability with same combination of results in women
without a prior PTB was only 7%.

What if one suspects preterm premature rupture of membranes in the
woman with preterm labor?

Four studies have examined the use of TVU of the cervix in patients with
preterm premature rupture of membranes. Carlan and colleagues [44] demon-
strated in a randomized trial the safety of performing TVU in this group. The
incidence of chorioamnionitis, endometritis, and neonatal infection was the same
in the 47 women with preterm premature rupture of membranes who had TVU
and in the 45 women with preterm premature rupture of membranes who did not
have TVU. In women between 24 and 34 weeks, they found that latency was
2 days shorter if the CL was less than or equal to 30 mm compared with CL
greater than 30 mm (9 versus 11 days). Rizzo and colleagues [45] studied
92 women with preterm premature rupture of membranes between 24 and
32 weeks, and showed that a CL less than or equal to 20 mm was associated with
a latency of 2 days (range 0—14) versus 6 days (range 0-36) if the CL was greater
than 20 mm. Gire and colleagues [46] reported on 101 singleton pregnancies with
preterm premature rupture of membranes at less than 34 weeks. A CL less than
20 mm was associated with a latency of 2.5 days versus 10 days if the CL was
greater than or equal to 20 mm. Most recently Tsoi and colleagues [47]
showed that TVU CL accurately predicts PTB within 7 days in women present-
ing with preterm premature rupture of membranes. These results should ensure
the clinician that it is safe to perform CL by TVU in women with known or
suspected preterm premature rupture of membranes because TVU is not asso-
ciated with a significant inoculation effect [13]. TVU CL can be used to predict
latency in all populations studied, including women with preterm premature
rupture of membranes.

What if the woman with preterm labor is bleeding?

There are no specific studies to assess the safety of TVU of the cervix in
women with PTL and vaginal bleeding. Studies in women with suspected pla-
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centa previa have shown that TVU is safe, and it is routinely recommended as
an important diagnostic test in this clinical setting. The authors postulate that a
properly performed TVU of the cervix is very safe for both mother and fetus in
the pregnancy complicated by PTL and vaginal bleeding, and can add significant
diagnostic information, which can improve management.

A

Obtain FFN prior
to manual exam
and TVU CL

v

CL<20mm < > 30mm*

l Discharge
| Follow up for

20-30mm persistent
contractions/
symptoms with

repeat CL

| FFEN POS FFEN NEG

*1f history of aprior PTB, send FFN: if
\ / FFN positive- consider steroids and

Tocolysis/Steroids A repeat CL in 1 week and FFN in 2 weeks.

Repeat CL in
1 week

A
Shortening > 5mm
Consider steroids and
tocolysis especially if
history of prior PTB

If Stable CL >25 mm and no prior PTB- Routine care
If Stable CL <25 mm and/or prior PTB- Repeat g 2
weeks until 32 weeks

Fig. 3. Suggested algorithm for use of TVU CL and FFN in women with PTL symptoms. FFN, fetal
fibronectin; NEG, negative; POS, positive; PTB, preterm birth; PTL, preterm labor; TVU CL,
transvaginal ultrasound cervical length.
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What if the woman in preterm labor has twins or a cerclage in place?

Unfortunately, there are no specific studies of women with PTL who are
carrying multiple gestations or have a cerclage in place. In asymptomatic women
with multifetal gestations or cerclage in place, TVU CL seems to be predictive
of PTB [26].

Proposed management algorithm

Despite the absence of a randomized controlled study on which to base the
management of PTL incorporating TVU CL, a suggested approach can be de-
rived from the results of the currently available data (Fig. 3). It must be em-
phasized that this is one of many possible approaches, and is not supported
by level A evidence. This approach uses the high sensitivity and negative pre-
dictive value of a CL of 30 mm, and the positive predictive value of a CL of
20 mm (highlighted in Table 1), and the specificity of FFN. It also recognizes
that CL and FFN may identify different groups of patients at high risk for PTB,
and that the predictive value of FFN and CL are dependent on the a priori risk of
PTB in that population [43,48,49]. Because the symptoms of early PTL may be
subtle and nonspecific, it is important, as noted by lams [7], to be “liberal in
looking for PTL, but conservative in diagnosis and treatment”’; “‘the goal of first
contact with a patient should be sensitivity while the goal of evaluation should

be specificity” [7].

Summary

An ultrasound machine has been present in labor and delivery suites for
decades for assessment of the fetus. It is time now to add a dedicated vaginal
probe to this machine, for assessment of CL in women with PTL.
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An estimated 50% of spontancous preterm births are associated with ascend-
ing genital tract infection [1], and those occurring before 30 weeks’ gestation are
even more likely to be infection-related [2—4]. Because the earliest preterm births
account for a disproportionate percentage of neonatal morbidity, infection-
associated preterm birth represents an attractive area for intervention. Infections
at multiple sites are associated with spontancous preterm birth: (1) intrauterine
infection, either overt or subclinical; (2) lower genital tract infection or colo-
nization; and (3) distant infections, such as periodontitis. For each category of
infection this article outlines the evidence for the association with preterm
birth and suggests interventions to prolong pregnancy or prevent preterm birth.

Intrauterine infection and preterm birth

Early evidence for the contribution of intrauterine infection to preterm birth
came from a pathologic study of over 7500 placentas [3]. Histologic evidence
of chorioamnionitis (neutrophil infiltration of the fetal membranes) was found
in 5% of all placentas but in 94% of the placentas of infants delivered at 21 to
24 weeks. The incidence of histologic chorioamnionitis was found to increase
sequentially with decreasing gestational age. Most of these infections were
subclinical because only 13.8% of women with placental histologic chorioam-
nionitis were febrile during labor [3]. This histologic study clearly demonstrated
the association of inflammation with preterm birth but did not prove that all cases
were caused by infection. More information was gleaned from a study by Hillier
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et al [5], which demonstrated that either histologic chorioamnionitis or the
recovery of bacteria by culture of the placenta and fetal membranes was as-
sociated with preterm birth, but that the combination of the two was associated
most strongly.

Studies evaluating amniotic fluid cultures in the setting of preterm labor with
intact membranes have found a prevalence of intra-amniotic infection ranging
from 0% to 24% [6]. This variability depends on several factors: (1) laboratory
techniques, particularly whether or not specific cultures for genital mycoplasma
are performed; (2) the definition of preterm labor, with more positive cultures
in patients with advanced cervical dilation and women who actually deliver pre-
term [4]; and (3) the gestational age of the pregnancies studied [4,7]. The im-
portance of culture techniques was illustrated in a study by Watts et al [2]: 40% of
positive amniotic fluid cultures obtained in a research laboratory were missed by
the clinical laboratory. In the setting of preterm labor with intact membranes,
positive amniotic fluid cultures are associated with shorter intervals to delivery,
failure of tocolysis, and increased neonatal morbidity [4,8,9]. Many infections are
polymicrobial, and the most common organisms isolated are genital mycoplasma
(Ureaplasma urealyticum and Mycoplasma hominis); anaerobes; group B strep-
tococci; Gardnerella vaginalis; and gram-negative rods, including Escherichia
coli [4,5,8].

By using more sensitive assays, such as polymerase chain reaction, bacteria
can be detected in the amniotic fluid of 30% to 55% of patients in preterm labor
[10—12]. The highest detection rates are found when sequences common to many
different bacteria, such as portions of ribosomal RNA, are used as primers for
polymerase chain reaction [10,12]. Primers specific to individual bacteria give
more information on the exact organisms present [11]. Although polymerase
chain reaction is very sensitive and rapid, the clinical significance of the pres-
ence of bacteria in the amniotic fluid by polymerase chain reaction remains
unclear. Oyarzun et al [11] found that only 31% of patients with preterm labor
and E coli detected in the amniotic fluid by polymerase chain reaction actually
delivered before 37 weeks. This may indicate a benign low-level colonization
rather than a clinically significant infection.

Neonatal consequences of intrauterine infection

The significance of intrauterine infection lies not only in its contribution to
the overall problem of preterm birth, but also in its unique neonatal sequellae.
In the short term, very-low-birthweight infants born to mothers with clinical
chorioamnionitis have twofold to threefold higher rates of respiratory distress
syndrome, sepsis, and seizures compared with infants of similar birthweight born
to uninfected mothers [13]. Even preterm infants born to mothers with subclinical
infection (positive amniocentesis cultures in the absence of fever or other clini-
cal signs of infection) or inflammation (elevated amniotic fluid levels of tumor
necrosis factor-a) have higher rates of death within 24 hours of birth, respiratory
distress syndrome, intraventricular hemorrhage, necrotizing enterocolitis, and
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multiple organ dysfunction after adjustment for birthweight [7]. In the long
term, preterm infants of mothers with clinical chorioamnionitis have a relative
risk [RR] for cerebral palsy of 1.9, and for periventricular leukomalacia (the
precursor lesion for cerebral palsy) of 3 [14,15].

Several studies have elegantly investigated how intrauterine infection leads to
adverse neonatal outcomes. The determinant of fetal injury may be not only the
presence of pathogenic bacteria but also the fetal response to intra-amniotic
infection. It has become clear that this fetal response is implicated in both the
initiation and perpetuation of the preterm labor process and in subsequent fe-
tal injury. Among patients with preterm labor or preterm premature rupture of
membranes (PPROM), the presence of a fetal inflammatory response, known as
“fetal inflammatory response syndrome,” defined by elevated fetal plasma
interleukin-6, was associated with an odds ratio [OR] of 4.3 for severe neonatal
morbidity (respiratory distress syndrome, sepsis, pneumonia, bronchopulmonary
dysplasia, respiratory distress syndrome, periventricular leukomalacia, or necro-
tizing enterocolitis) after correction for gestational age and other variables [16].
In the setting of PPROM, an elevated fetal plasma interleukin-6 correlated
strongly with spontaneous delivery within 48 and 72 hours, indicating that this
fetal response may trigger preterm labor [17].

Similarly, fetal inflammatory response syndrome is postulated to lead to
cerebral palsy by fetal overproduction of cytokines, which causes cerebral
cellular damage [18]. Elevated amniotic fluid concentrations of tumor necrosis
factor-a, interleukin-1(3, and interleukin-6 correlate with the development of peri-
ventricular white matter lesions in preterm infants who deliver within 72 hours
of amniocentesis [19]. Additionally, studies of the brains of preterm infants who
died during the neonatal period have shown a strong correlation between
expression of tumor necrosis factor-a, interleukin-13, and interleukin-6 in infant
brain tissue and periventricular leukomalacia [20].

Antibiotic treatment in patients with preterm labor

Based on the association between intrauterine infection and preterm birth
outlined previously, it seems intuitive that antibiotics could be helpful in the
treatment of preterm labor. Among patients in preterm labor with intact mem-
branes, several studies have reported the effect of adjunctive use of antibiotics
to prolong pregnancy. These studies have generally excluded women with any
clinical evidence of chorioamnionitis and are aimed at the treatment of possi-
ble subclinical infection. One representative large trial (ORACLE 1II) demon-
strated no improvement either in delaying delivery for 48 hours or in a composite
outcome including neonatal death, chronic lung disease, or cerebral abnormal-
ity [21]. A recent meta-analysis from the Cochrane Library assessed 11 trials in-
cluding 7428 women (ORACLE II dominated the analysis because of its size).
As shown in Fig. 1, overall use of antibiotics did not decrease preterm birth,
delivery within 48 hours, or perinatal mortality. The RR for neonatal death in the
antibiotic group was 1.52 with the lower bound of the 95% confidence interval
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Favors Antibiotics Favors Controls
Preterm Birth 0.99 (0.92-1.05)
Delivery within i—« 1.04 (0.89-1.23)
48 hours
Perinatal Mortality H

1.22 (0.88-1.70)

Neonatal Death | !
1.52 (0.99-2.34)

Maternal I nfection HiH 0.74 (0.64-0.87)

T T T T T
0.25 0.75 1.25 1.75 2.25
Relative Risk

Fig. 1. Relative risks of adverse outcomes for any antibiotics versus no antibiotics for women in
preterm labor with intact membranes. (From Klein LL, Gibbs RS. Use of microbial cultures and
antibiotics in the prevention of infection-associated preterm birth. Am J Obstet Gynecol 2004;190:
1493-502; with permission.)

(CI) at 0.99 (just short of statistical significance). Maternal uterine infection was
significantly reduced by use of antibiotics, but this benefit was not seen as a
justification for widespread antibiotic use in preterm labor [22].

Because not all antibiotics are likely to have the same effect, this analysis also
looked at the subgroup of trials using antibiotics “active against anaerobes,”
meaning either metronidazole or clindamycin. As shown in Fig. 2, in these three

Favors Antibiotics Favors Controls
Delivery within 7 days —H— 0.62 (0.42-0.90)
NICU Admission —— 0.63 (0.43-0.93)
Necrotizing H— 0.13 (0.02-1.01)
Enterocolitis
Preterm Birth H 0.85(0.68-1.09)
Perinatal Mortality I i
1.63 (0.36-7.39)
Neonatal Sepsis ] 056 (0.29-1.11)
T T T T
-0.25 0.75 1.75 2.75
Relative Risk

Fig. 2. Relative risks of adverse outcomes for antibiotics active against anaerobes versus no antibiotics
for women in preterm labor with intact membranes. (From Klein LL, Gibbs RS. Use of microbial
cultures and antibiotics in the prevention of infection-associated preterm birth. Am J Obstet Gynecol
2004;190:1493-502; with permission.)
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trials use of antibiotics significantly reduced delivery within 7 days and NICU
admission, but these benefits were not accompanied by significant reductions in
the preterm birth rate, perinatal mortality, or neonatal sepsis. This analysis
concluded that routine administration of antibiotics to women with preterm labor
and intact membranes could not be recommended, because there were no clear
improvements in neonatal outcomes and potentially a trend toward increased
neonatal mortality [22]. Antibiotic use for prevention of perinatal group B strep-
tococcal infection, however, is recommended [23].

Once intra-amniotic infection is definitively diagnosed, either by clinical
criteria (fever, uterine tenderness, maternal or fetal tachycardia) or by amnio-
centesis, the standard of care is administration of intravenous antibiotics and
delivery regardless of gestational age [24]. This strategy optimizes treatment of
both maternal and fetal infection. Some have questioned whether administra-
tion of antibiotics to the mother could treat both maternal and fetal infection
effectively while prolonging pregnancy. Several case reports have described
eradication of bacteria from the amniotic fluid or reversal of clinical symptoms
of chorioamnionitis with parenteral antibiotics, but no prospective trials have
been performed and long-term outcomes have not been reported [25-28]. The
concern is that if antibiotics do not adequately treat intrauterine infection, the
fetus has prolonged exposure to both bacteria and inflammatory mediators with
increased risk of long-term adverse outcomes. This concern is supported by
strong evidence from a rabbit model of ascending intrauterine infection. Experi-
ments with £ coli have demonstrated that prompt intravenous administration
of an antibiotic active against the infecting organism does not reliably prevent

Box 1. Antibiotics for patients in preterm labor: recommendations
for clinical practice

e For patients in preterm labor with intact membranes, the
prevalence of intra-amniotic infection is approximately 10%
[4]. If any of the following criteria apply, the likelihood of
infection is even higher and amniocentesis should be strongly
considered:

Any clinical signs or symptoms of chorioamnionitis

Early gestational age (eg, <28 weeks)

Failure of tocolysis (eg, before beginning a second
tocolytic agent)

¢ Antibiotics should not be given routinely to patients in
preterm labor with intact membranes for the purpose of
prolonging pregnancy.

* Current Centers for Disease Control and Prevention guidelines
should be followed regarding antibiotic administration for the
prevention of perinatal group B streptococcal disease [23].
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either intra-amniotic infection [29] or fetal brain white matter damage [30]. A
key trial of antibiotic treatment for chorioamnionitis at term demonstrated im-
proved neonatal outcomes with maternal antibiotic administration during labor
compared with postpartum [31]. It is logical to assume that immediate antibiotic
treatment with intravenous agents that cross the placenta well (eg, ampicillin and
gentamicin) also improves outcomes for preterm infants.

Box 1 summarizes recommendations for clinical practice regarding intra-
uterine infection in preterm labor.

Lower genital tract infections and preterm birth

The hypothesis that ascending lower genital tract infection leads to preterm
labor has been supported by multiple in vivo and in vitro studies [32-34]. The
entry of lower genital tract bacteria into the decidua is associated with recruit-
ment of leukocytes followed by cytokine production [32]. Cytokines have been
found to trigger prostaglandin synthesis in the amnion, chorion, decidua, and
myometrium [32]. This, in turn, leads to uterine contractions, cervical dilatation,
membrane exposure, and greater entry of microbes into the uterine cavity. Cyto-
kines have also been found to stimulate production of matrix metalloprotein-
ases by the chorion and amnion. Matrix metalloproteinases are implicated in
both cervical ripening and degradation of the fetal membranes [32]. Lower geni-
tal tract bacteria may also act locally, producing enzymes, such as sialidase or
mucinase, which may weaken protective cervical mucous and promote bacterial
invasion of the upper genital tract [35]. The next sections outline the association
between various antepartum infections and preterm birth, and the results of
treatment trials for prevention of preterm birth.

Urinary tract infection

It has long been recognized that untreated pyelonephritis is associated with
preterm labor. Closer investigation has revealed that even bacteriuria with no
clinical symptoms of cystitis or pyelonephritis increases the risk of preterm
birth. Women with untreated asymptomatic bacteriuria have a RR of 1.98 for
preterm delivery [36]. Antibiotic treatment of asymptomatic bacteriuria reduces
this risk by almost 50%, based on a meta-analysis of randomized placebo-
controlled trials [36]. There is strong evidence to support screening and treatment
for bacteriuria in all pregnant women at the first prenatal visit.

Cervicitis

Chlamydia trachomatis infection had not been consistently associated with an
increased risk of preterm birth in older studies, which relied on culture for
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diagnosis [37,38]. It is now recognized, however, that DNA amplification
techniques are more sensitive than culture for detection of chlamydial infection.
The more recent Preterm Prediction Study used ligase chain reaction assay of
urine specimens. Chlamydial infection detected at 24 weeks’ gestation was found
to be associated with double the risk of preterm birth, whereas infection detected
at 28 weeks’ gestation had no significant effect [39]. Unfortunately, randomized
trials of treatment of C trachomatis during pregnancy have not demonstrated a
consistent reduction in the rate of preterm birth [40]. Screening and treatment for
C trachomatis in all pregnant women is recommended, however, to reduce
vertical transmission and spread of sexually transmitted disease [41]. Neisseria
gonorrhoeae infection has been associated with a 2.9-fold increased risk of
preterm birth [42]. At-risk pregnant women should be screened and treated at
the first prenatal visit to prevent vertical transmission and spread of sexually
transmitted disease [41]. It is unknown whether treatment also reduces the risk
of preterm birth.

Bacterial vaginosis

Bacterial vaginosis (BV) is associated with a twofold increased risk of pre-
term birth, with the greatest risk when BV is present before 16 weeks’ gestation
(OR=7.55) [43]. This may indicate a critical period during early gestation when
BV-related organisms can gain access to the upper genital tract and set the stage
for preterm labor later in gestation. The results of treatment trials for pregnant
women with BV have been heterogeneous, with anywhere from an 80% re-
duction to a twofold increase in preterm birth among women who received
treatment [44]. The most recent Cochrane meta-analysis revealed no reduction in
overall preterm birth with routine screening and treatment for BV. In women
with a history of preterm birth, however, treatment was associated with a decrease
in low birth weight and PPROM; the authors concluded that screening and
treatment could be considered in this setting. Oral treatment was associated with a
decrease in PPROM, whereas vaginal treatment had no effect [44]. A second
meta-analysis by Leitich et al [45] analyzed subgroups based on risk for preterm
birth and duration of treatment. There was no significant reduction in preterm
delivery by treatment of all women with BV, women with BV and previous
preterm birth, or women with BV at low risk for preterm birth. In the subset of
women with both previous preterm birth and treatment for at least 7 days with
an oral regimen, there was a highly significant reduction in preterm delivery
(OR=0.42, 95% CI, 0.27-0.67). In this meta-analysis there was no benefit ac-
crued by vaginal treatment.

Since the publication of the Cochrane and Leitich meta-analyses, two
additional prospective randomized trials have had intriguing results. In the first,
by Lamont et al [46], treatment of low-risk women with BV with a 3-day course
of intravaginal clindamycin cream resulted in a decreased incidence of preterm
birth (4% versus 10%, P <.03). This trial differed from previous trials in that all
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patients were enrolled and treated before 20 weeks’ gestation. In addition,
patients had tests of cure performed with retreatment if BV persisted. A second
trial treated low-risk women with BV between 12 and 22 weeks gestation with a
5-day course of oral clindamycin and again found a significant reduction in
spontaneous preterm delivery (5% versus 12%) and late miscarriage (1% versus
4%) [47]. These trials suggest that early treatment of BV may be the key to
prevention of preterm birth, but their results need to be replicated in high-risk
populations, such as women with a prior preterm delivery.

An additional contributor to the relationship between BV and preterm birth
may be genetics. A recent case-control study demonstrated that a variant in the
promoter of the tumor necrosis factor-a gene in combination with BV carries a
greatly increased risk of preterm birth, whereas either risk factor alone did not
increase the preterm birth rate significantly [48,49]. This is an intriguing area
for future research and could potentially lead to trials of treatment only for
patients genetically predisposed to preterm birth.

Given the confusing evidence outlined previously, it is not surprising that
the American College of Obstetricians and Gynecologists, the Centers for
Disease Control and Prevention (CDC), the US Preventive Services Task Force,
and the Cochrane reviewers differ in their recommendations for treatment of
BV in pregnancy [41,44,50,51]. At the authors’ institution, pregnant women with
a history of preterm birth are screened at the first prenatal visit. They are treated
with an oral agent (generally metronidazole) for 7 days based on the results of the
Leitich meta-analysis, and tests of cure are generally performed with retreatment
if needed.

Trichomoniasis

Trichomonas vaginalis infection has been associated with a small but sig-
nificant increased risk of preterm birth (OR 1.3) [52]. Surprisingly, a large
randomized clinical trial of screening and treatment for asymptomatic tricho -
moniasis found not merely the absence of benefit, but actually an increased risk
of preterm birth (RR, 1.8, 95% CI, 1.2-2.7) [53]. A significant increase in low
birth weight (RR, 2.49, 95% CI, 1.12-5.50) and a trend toward increased preterm
birth and increased childhood mortality within the first 2 years of life were
also noted in a recent randomized trial from Uganda [54]. The mechanism of the
increase in preterm birth is unclear; one possible explanation is that dying
trichomonads release either inflammatory mediators or viruses that trigger pre-
term labor [53]. Based on this concerning data it is clear that asymptomatic
trichomoniasis should not be treated during pregnancy (eg, when it is found
incidentally on a pap smear). These modest increases in preterm birth rates
associated with treatment of trichomoniasis, however, do not justify withholding
treatment from a symptomatic patient during pregnancy. The CDC’s recom-
mended treatment, oral metronidazole, has been shown to be safe even in the
first trimester of pregnancy [55].
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Other vaginal organisms

Vaginal colonization with Candida, group B streptococci, and U urealyticum
has been studied and is not associated with increased risks of preterm birth
[56-58]. Treatment for asymptomatic colonization with these organisms is not
warranted. Group B streptococcal bacteriuria should be treated when detected,
however, to prevent both symptomatic urinary tract infection and preterm birth.
In addition, women with positive rectovaginal cultures for group B strepto-
cocci should receive intrapartum antibiotics to prevent neonatal infection per the
CDC guidelines [23].

Fig. 3 summarizes the magnitude of the associations between several lower
genital tract infections and preterm birth. Box 2 summarizes clinical recom-
mendations for treatment of antepartum lower genital tract infection and colo-
nization for the prevention of preterm birth.

Fetal fibronectin and intrauterine infection

Cervicovaginal fetal fibronectin, a basement membrane protein produced by
the fetal membranes, is an established marker for an increased risk of preterm
birth [59,60]. It has also been found to be associated with both clinical and
histologic chorioamnionitis. It is hypothesized that early bacterial invasion of

BV at any gestational age [43] —— 219 (154-312)
BV prior to 16 wks[43] f i
7.55 (1.8-31.7)
T. vaginalis[52] Hi 13 (11-14)
N. gonorrhoeae [42] ! i

5.31(1.57-17.9)
C. trachomatis at 24 wks[39]

2.2 (1.03-4.78)

C. trachomatis at 28 wks[39] A
0.95 (0.36-2.47)

U. urealyticum [56] HH 1.0 (0.8-1.2)

OddsRatio

Fig. 3. Risks of preterm birth in women with selected lower genital tract organisms or bacterial
vaginosis. Data are expressed as odds ratios and 95% confidence intervals. (From Klein LL, Gibbs
RS. Use of microbial cultures and antibiotics in the prevention of infection-associated preterm birth.
Am J Obstet Gynecol 2004;190:1493-502; with permission.)
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Box 2. Lower genital tract infections and prematurity:
recommendations for clinical practice

* Bacteriuria: Screen and treat all patients at the first prenatal
visit. Treatment of asymptomatic bacteriuria reduces preterm
birth by close to 50%.

* Chlamydia trachomatis: Screen all patients using DNA ampli-
fication techniques with either cervical or urine specimens.
Treatment does not seem to prevent preterm birth but does
reduce vertical transmission and spread of sexually trans-
mitted disease.

* Neisseria gonorrhoeae: Screen at-risk women at the first
prenatal visit and treat per CDC guidelines to reduce vertical
transmission and spread of sexually transmitted disease.

* Trichomoniasis: Do not screen asymptomatic patients because

treatment may increase the risk of preterm birth. Symptomatic

patients may be treated safely with oral metronidazole in

any trimester.

Bacterial vaginosis: Screen patients with a history of preterm

birth. Treat with an oral agent for 7 days. Consider performing

a test of cure with retreatment if needed.

* Group B streptococci: Do not treat positive rectovaginal
cultures in the antepartum period. Follow the CDC guidelines
regarding intrapartum antibiotics.

the chorioamnion causes inflammation with release of fetal fibronectin into
the cervicovaginal secretions, and that this process eventually leads, at times sev-
eral weeks later, to infection-related preterm labor [61]. A randomized trial of
antibiotic treatment for asymptomatic patients with positive fetal fibronectin
between 21 and 26 weeks’ gestation was performed. Patients were treated with a
10-day course of metronidazole and erythromycin or placebo. There were no
differences in the rates of preterm delivery between the antibiotic and placebo
groups; and among a subgroup of women with a previous preterm birth, anti-
biotic treatment actually increased their risk of preterm birth [62]. Empiric
antibiotic treatment cannot be recommended for women with positive fetal
fibronectin tests.

Distant infections and preterm birth

Infections at sites distant from the uterus can potentially lead to preterm
birth by hematogenous spread either of bacteria or cytokines. Periodontal dis-
ease is a common chronic inflammatory process involving gram-negative rods
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and anaerobes [63]. Severe or generalized periodontitis has recently been found
to be associated with an increased risk of preterm birth, with an OR of 4.45
(95% CI, 2.16-9.18) for preterm delivery after adjusting for other known risk
factors [64]. An initial American study of periodontal treatment during preg-
nancy suggested a trend toward a reduction in preterm birth [65]. In a larger study
performed in Chile, 400 women with periodontal disease were randomized to
periodontal treatment before 28 weeks’ gestation versus postpartum. The prenatal
treatment group had a significantly lower rate of preterm birth (1.84% versus
10.11%) [66]. This is an encouraging example of a simple intervention that may
reduce the preterm birth rate.

Summary

Intrauterine infection is a major cause of preterm birth, and it also may have
devastating neonatal consequences, such as cerebral palsy. A low threshold
for using amniocentesis to diagnose intra-amniotic infection in the setting of
preterm labor may improve neonatal outcome by allowing delivery before ful-
minant fetal infection develops. The routine use of antibiotics to prolong preg-
nancy once preterm labor has begun seems to be ineffective. This is likely the
“too little too late” phenomena in that once the infectious-inflammatory cas-
cade has reached the point of causing preterm labor it cannot be reversed.

In the antepartum period, treatment of bacteriuria, periodontal disease, and
possibly BV is helpful in reducing the risk of preterm birth. Genetic susceptibil-
ity to infection-associated preterm birth is an intriguing area for further research.
In the future clinicians may be able to tailor antibiotic therapy to the individual
patient to prevent preterm birth more effectively.
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Preterm premature rupture of the membranes (PROM) complicates 3% of
pregnancies and is responsible for approximately one third of all preterm births
[1-4]. As a result, approximately 150,000 women suffer this pregnancy com-
plication annually in the United States. Preterm PROM is associated with brief
latency from membrane rupture to delivery. Particularly when PROM occurs re-
mote from term, there are significant risks of infant morbidity and mortality
after birth. Because of the association between PROM and intrauterine infection,
oligohydramnios, and placental abruption, the fetus is also at risk before delivery,
particularly if conservative management is attempted to prolong the pregnancy.

Because preterm PROM presents a clinical situation where early delivery is to
be anticipated and prenatal and neonatal complications are common, the phy-
sician caring for women with this common obstetric disorder has an opportunity
to intervene in a manner that can improve perinatal outcome. This article ad-
dresses clinically relevant questions regarding the evaluation and management of
preterm PROM.

Why does preterm premature rupture of the membranes occur?

At term, membrane rupture is a normal part of parturition and can occur be-
fore or after the onset of contractions. This results from a combination of cellular
apoptosis (programmed cell death), increased collagenase activity, and dissolu-
tion of the amniochorionic extracellular matrix, all of which can be exacerbated
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by contraction-induced shearing forces [5,6]. In many cases of preterm PROM, it
is likely that the same physiologic processes are in place.

With decreasing gestational age of preterm PROM, however, it is more likely
that membrane rupture is associated with an underlying pathologic process.
Intrauterine infection, as demonstrated by positive amniotic fluid cultures and
histologic chorioamnionitis, is common with preterm PROM, particularly with
membrane PROM remote from term. It has been suggested that intrauterine
infection results from ascending genital tract colonization, leading to increased
cytokine activity that enhances membrane apoptosis, production of proteases,
and dissolution of the membrane’s extracellular matrix [7-9]. Mechanical stretch,
as is seen with multiple gestations and polyhydramnios, may enhance local ex-
pression of cytokines to increase protease production and could also cause
shearing strain on the membranes. Placental abruption could increase decidual-
chorionic protease production and dissolution of the extracellular matrix through
decidual thrombin expression. Clinical factors associated with PROM include
low socioeconomic status and low maternal body mass index, prior preterm birth
or preterm labor in the current pregnancy, maternal smoking, urinary tract and
sexually transmitted infections, cervical conization or cerclage, and amniocente-
sis [1-10]. Ultimately, in many cases of preterm PROM, the actual cause of
membrane weakening and rupture is not known. It is probable that a number of
factors and a maternal genetic or physiologic predisposition act together to cause
preterm PROM in many cases.

What is the typical clinical course after preterm premature rupture of the
membranes?

Latency from membrane rupture to delivery is generally brief and is inversely
proportional to gestational age at membrane rupture. Of all patients with ruptured
membranes before 34 weeks of gestation, 93% deliver in less than 1 week [11].
Even with conservative management, at least one half of women deliver within
a week of membrane rupture. When women with preterm PROM remote from
term are given antibiotics during conservative management (see later), about one
half of those remaining pregnant deliver in each subsequent week. Alternatively,
a minority of women can benefit from extended latency with conservative man-
agement and a small proportion of women with membrane rupture can anticipate
cessation of fluid leakage (2.6%—13%), particularly if PROM occurs as a com-
plication of amniocentesis [12,13].

What are the maternal risks associated with preterm premature rupture of
the membranes?

Women with preterm PROM and prolonged membrane rupture are at in-
creased risk for chorioamnionitis, which may result from ascending bacterial
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colonization before membrane rupture (causing PROM) or after membrane
rupture (complicating PROM). The risk of infection increases with decreasing
gestational age at membrane rupture [14,15], and with increasing duration of
membrane rupture. In one study, 9% of women with PROM at term developed
chorioamnionitis [16], and the risk increased to 24% with membrane rupture
more than 24 hours. With PROM remote from term, chorioamnionitis is common
(13%-60%), and postpartum endometritis complicates 2% to 13% of these
pregnancies [17,18]. The incidence of placental abruption varies between studies
(4%—-12%) [19-21]. This is a significantly higher risk than the background
population risk (approximately 1 in 200 pregnancies). Serious complications of
PROM that have been reported with conservative management of PROM oc-
curring early in pregnancy are retained placenta or postpartum hemorrhage
necessitating dilation and curettage (12%); maternal sepsis (0.8%); and death
(0.14%) [21].

What are the fetal and neonatal risks of preterm premature rupture of the
membranes?

Fetal morbidity after preterm PROM results from maternal intrauterine
infection, umbilical cord compression, placental abruption, and prolonged fetal
compression caused by oligohydramnios. Each of these places the fetus at in-
creased risk for fetal death (generally approximately 1% with conservative man-
agement after the limit of potential neonatal viability) and perinatal asphyxia.
The pregnancy complicated by PROM before the limit of fetal viability (currently
<23 weeks) is at increased risk for fetal demise (15%); however, a portion of
this increase is attributable to nonintervention for fetal benefit when delivery
occurs before there is any hope of postnatal survival. When membrane rupture
occurs well before the limit of fetal viability (particularly when there is persistent
oligohydramnios), there is a significant risk of lethal fetal pulmonary hypoplasia
caused by arrested alveolar development. This becomes evident with failure of
lung growth despite prolonged latency (see later). Prolonged compression can
lead to fetal restriction deformities, similar to those seen in Potter’s syndrome.
There is accumulating evidence that in utero exposure to infection increases the
risk of long-term neurologic sequelae [15], although there are not current data
to demonstrate that delivery before the onset of clinical symptoms of infection
prevents these adverse outcomes.

The primary determinant of infant morbidity and mortality is gestational age at
delivery. In general, infant morbidity can be anticipated to be similar to that of
other infants born at the same gestational age (absent pulmonary hypoplasia).
Umbilical cord compression before and during labor and placental abruption,
however, theoretically increase this risk of hypoxic insult. Additionally, the risk
of neonatal infection is approximately twofold higher at any gestational age when
delivery occurs after preterm PROM than for other causes. Group B strepto-
coccus is a significant cause of early onset neonatal sepsis and is more likely to
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occur in the setting of premature birth, prolonged membrane rupture, or am-
nionitis, each of which is seen commonly with preterm PROM. Lethal pulmonary
hypoplasia is rare with PROM, occurring after 24 to 26 weeks’ gestation, pre-
sumably because alveolar development by this time is adequate to support post-
natal life. With PROM remote from term, however, there is the potential for
nonlethal pulmonary hypoplasia, manifesting through postnatal pulmonary com-
plications including pneumothorax, pneumomediastinum, and the need for high
ventilatory pressures to compensate for poor pulmonary compliance.

In general survival is likely and long-term sequelae uncommon with delivery
at or after 32 weeks’ gestation (unless PROM occurs before 24-26 weeks’ ges-
tation). This is not a distinct cutoff, but rather a continuum with some infants
doing well despite earlier delivery and a small number of infants having poor
outcomes with delivery near term.

What are the most important determinants of management after preterm
premature rupture of the membranes?

Under certain circumstances, delivery is indicated after preterm PROM,
regardless of gestational age. Those with advanced labor, evident chorioamnio-
nitis, nonreassuring fetal testing, overt fetal distress or demise, or significant
bleeding from placental abruption require expeditious delivery, either vaginally
or by cesarean section, as clinically appropriate. When there is significant cer-
vical dilatation and fetal malpresentation, the risk of umbilical cord prolapse
increases and may warrant delivery because of the increased risk of fetal loss
despite early gestational age.

If the mother and fetus are clinically stable after initial assessment, gestational
age is of primary importance in determining management. With preterm PROM,
there is potential advantage to conservative management to prolong the latency
from membrane rupture to delivery. The immature fetus can benefit if con-
servative measures prolong the pregnancy adequately to reduce gestational
age—dependent morbidity. Alternatively, even brief pregnancy prolongation can
benefit the immature fetus if active measures to enhance fetal maturation are
undertaken (eg, maternal steroid administration). Once the fetus is mature, there
is little to be gained from conservative management after membrane rupture.

What evaluations should be considered for women with preterm premature
rupture of the membranes?

The first step in patient evaluation is confirmation of the diagnosis. In most
cases, the diagnosis can be made based on history and physical examination. In
the setting of a suspicious clinical history, the presence of Nitrazine-positive fluid
(pH > 6) passing from the cervix is diagnostic. If the sterile speculum examination
is equivocal, a specimen can be collected from the posterior fornix of the vagina
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with a sterile swab. The swab is then applied to a microscope slide for visu-
alization of ‘“‘arborized” crystals under low-power microscopy after drying.
False-positive results on Nitrazine testing can occur with blood or semen con-
tamination, alkaline antiseptics, or bacterial vaginosis. The ferning test may be
falsely positive if there is contamination with cervical mucous (generally non-
branching arborization). False-negative visual examination, ferning, or Nitrazine
testing can occur with prolonged leakage with minimal residual fluid. If clinical
suspicion remains after initial assessment, the patient can be retested after pro-
longed recumbency or alternate measures can be considered. A variety of an-
cillary techniques for confirmation of membrane rupture have been suggested
(eg, cervicovaginal fetal fibronectin, human chorionic gonadotropin, maternal
serum alpha fetoprotein, among others). These are nonspecific reflecting decidual
disruption rather than membrane rupture. A negative test is likely reassuring, but
a positive test does not confirm membrane rupture with certainty. Ultrasound
evaluation should be performed if the diagnosis is suspected but cannot be con-
firmed clinically. Oligohydramnios without evident fetal urinary tract malforma-
tions or fetal growth restriction may be suggestive of membrane rupture, but is
not diagnostic. The diagnosis can be made unequivocally with ultrasound-guided
amnioinfusion of indigo carmine (1 mL in 9 mL of sterile normal saline). The
passage of blue fluid per vagina onto a perineal pad is confirmatory.

Gestational age should be established based on clinical history and ultrasound.
Ultrasound should estimate gestational age if no prior ultrasound has been per-
formed. Even if prior ultrasound has been performed, ultrasound should be con-
sidered to assess fetal growth; position; residual amniotic fluid volume; and to
identify gross fetal abnormalities, which may cause PROM by hydramnios. The
patient should also be evaluated for evidence of advanced labor, chorioamnio-
nitis, placental abruption, or fetal distress. Women with these complications re-
quire expeditious delivery.

At the time of initial speculum examination the cervix should be inspected
visually for evident cervicitis or umbilical cord or fetal extremity prolapse. Cer-
vical dilatation and effacement can be evaluated visually (correlation coefficient
with digital examination, 0.74). To reduce the risk of infectious morbidity, digi-
tal examinations should be avoided unless delivery is expected [22]. Cervical
cultures (eg, endocervical Chlamydia trachomatis and Neisseria gonorrhoeae)
are appropriate if not previously obtained. Anovaginal cultures for group B strep-
tococcus (Streptococcus agalactiae) should be obtained if these have not been
performed within the prior 6 weeks.

Where should conservative management be undertaken?

Unless delivery is immediately required, the patient with preterm PROM is
best served by care in a facility capable of providing emergent delivery for
maternal complications, such as placental abruption, fetal malpresentation in
labor, or fetal distress caused by umbilical cord compression or in utero infection.
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The facility should also be capable of providing emergent neonatal resuscitation
and intensive care. If the initial facility lacks these capabilities, and delivery is not
imminent, the patient should be transferred before additional complications occur.

How should the patient with preterm premature rupture of the membranes
near term (32-36 weeks) be managed?

The potential for severe acute neonatal morbidity and mortality is low when
delivery occurs at 34 to 36 weeks’ gestation [23]. Corticosteroids are generally
not given to accelerate fetal pulmonary maturity after 34 weeks. Conservative
management of PROM at 34 to 36 weeks increases the risks of chorioamnionitis
(16% versus 2%, P=.001) and lower umbilical cord blood pH (7.35 versus 7.25,
P=.009), and increases maternal hospital stay (5.2 versus 2.6 days, P=.0006).
Such management has not been shown to significantly reduce neonatal morbidity
[24]. Women with PROM at 34 to 36 weeks’ gestation should be delivered expe-
ditiously. It is appropriate to transfer these women, before delivery, to a facility
capable of caring for an infant delivered at this gestation.

At 32 to 33 weeks’ gestation, neonatal survival with immediate delivery is
likely. There remains a risk, however, of respiratory distress syndrome (RDS) and
other gestational age—dependent morbidities should fetal pulmonary maturity
testing be immature. If fetal maturity testing is positive, however, the likelihood
of pulmonary and other acute major morbidities is low. In a study of PROM at
32 to 36 weeks’ gestation, Mercer et al [25] found no cases of RDS, intraven-
tricular hemorrhage, or necrotizing enterocolitis occurred with documented fetal
pulmonary maturity at 32 to 36 weeks’ gestation. Alternatively, in that population
conservative management prolonged pregnancy only briefly (36 versus 14 hours,
P <.001); increased the risk of chorioamnionitis (27.7% versus 10.9%, P =.06);
and increased the risk for occult cord compression, without reducing neona-
tal morbidity [25]. Similar patterns were seen for those with PROM at 32 to
33 weeks’ gestation. In a similar study among a higher-risk population at 30 to
33 weeks’ gestation, Cox et al [26] found conservative management prolonged
latency only briefly (59% versus 100% delivered at 48 hours, P <.001), and
increased the risk of chorioamnionitis sevenfold (15% versus 2%, P=.009) with
no evident reduction in gestational age—dependent morbidity, when tocolysis,
antibiotics, and antenatal corticosteroids were not given [26]. In addition, there
was one stillbirth caused by suspected occult umbilical cord compression.

When PROM occurs at 32 to 33 weeks’ gestation, fetal pulmonary maturity
testing should be attempted, if feasible. This can be obtained from vaginal pool or
amniocentesis specimens if residual fluid permits. Phosphatidyl glycerol, fetal
lung maturity-testing, and lecithin-sphingomyelin ratios are appropriate in this
setting. Blood and meconium may lead to falsely immature results, so a mature
result is reassuring. Alternatively, if there is significant blood or meconium
present, serious consideration should be given to delivery rather than conser-
vative management. If fetal pulmonary maturity is documented, it is generally
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best to proceed to delivery before infectious complications ensue. If fetal
pulmonary immaturity is suspected at 32 to 33 weeks, or should fluid for testing
be unavailable, conservative management with close fetal monitoring, adjunctive
antibiotic therapy, and antenatal corticosteroid administration (see later) is ap-
propriate. If there is no plan either to induce fetal maturation with corticosteroids
or to prolong pregnancy and suppress infection with concurrent antibiotics,
however, these patients may be better delivered expeditiously before additional
complications occur because extended latency is not likely.

What should be done after corticosteroid benefit has been achieved with
antenatal corticosteroids at 32 to 33 weeks gestation?

Once corticosteroid benefit has been achieved after 48 hours of conservative
management (see later), the remaining potential for fetal-neonatal benefit is
limited unless extended latency of 1 week or more is anticipated. Data regarding
the optimal time to discontinue conservative management of PROM are limited.
Many physicians proceed to delivery at 34 weeks’ gestation. In this scenario,
women achieving the benefit of antenatal corticosteroids greater than 33 weeks
and 0 days do not accrue benefits of extended latency with delivery a few days
later at 34 weeks’ gestation, but do incur the risks of chorioamnionitis, umbilical
cord compression, and placental abruption. These women are likely best served
by delivery once corticosteroid benefit has been achieved. Alternatively, for
women with PROM before 33 weeks, or who are cared for at an institution that
attempts to prolong latency further than 34 weeks, ongoing conservative man-
agement may be appropriate. An alternative approach to management of the
woman with PROM at 32 to 33 weeks’ gestation is to deliver 24—48 hours after
antenatal corticosteroid administration to maximize the benefits of corticosteroid
administration and avert the risk of subsequent complications.

How should the patient with premature rupture of the membranes remote
from term (before 32 weeks’ gestation) be managed?

Delivery before 32 weeks’ gestation is associated with a significant risk of
severe neonatal morbidities and death. In the absence of indications for delivery,
women with preterm PROM at 23 to 31 weeks should be managed conservatively
to prolong pregnancy and reduce the risk of gestational age—dependent morbidity.
Examples of exceptions to this approach are fetal malpresentation, such as
transverse lie-back up with coexisting advanced cervical dilatation; maternal
HIV; and primary maternal herpes simplex virus infections. These circumstances
increase the risks of fetal death caused by cord prolapse and compression, and
maternal-fetal transmission, respectively.

After initial assessment, a period of prolonged fetal heart rate and maternal
contraction monitoring is recommended to identify umbilical cord compression
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or nonplacental contractions. These patients should be admitted to a facility
capable of providing emergent delivery for placental abruption, fetal malpre-
sentation in labor, or fetal distress caused by umbilical cord compression or in
utero infection. If testing is reassuring, and the patient does not require transfer to
another facility, the patient can be monitored on an inpatient antepartum ward.
Bed rest in pregnancy may increase the risk of deep venous thrombosis. Leg
exercises, antiembolic stockings, or prophylactic doses of subcutaneous heparin
may be helpful for those on prolonged bed rest [27]. Digital pelvic examinations
increase the risk of amnionitis and decrease latency, and should be avoided unless
progressive labor is demonstrated or delivery is indicated. Fetal heart rate and
uterine contraction monitoring should be performed at least daily because of the
risk of umbilical cord compression and fetal demise [28]. Biophysical profile
testing may be confounded by oligohydramnios but can be helpful should the
nonstress test be equivocal. If testing reveals intermittent mild umbilical cord
compression but otherwise reassuring fetal testing, continuous fetal heart rate
monitoring should be considered if the patient is not to be delivered. The clini-
cal findings should be reassessed 24 to 48 hours after antenatal corticosteroid
administration and delivery considered if intermittent cord compression persists
or other nonreassuring findings are evident. Oligohydramnios (low initial am-
niotic fluid index or maximum vertical amniotic fluid pocket <2 cm) has been
associated with brief latency and with increased risk of amnionitis. Amniotic
fluid volume does not accurately predict pregnancy outcome, however, and
should not be used in deciding whether to attempt conservative management.

Findings suggestive of intrauterine infection should lead to consideration of
delivery. Typical findings include the combination of fever greater than or equal
to 100.4°F, uterine tenderness, or maternal or fetal tachycardia in the absence of
another source of infection. An elevated maternal white blood cell count is
supportive of suspicious clinical findings, but may be artificially elevated by
recent antenatal corticosteroid administration (within 5-7 days). In general,
routine maternal white blood cell counting is not needed. After initial evaluation
on admission, follow-up testing can be considered if clinical findings are sus-
picious but equivocal. Additional supportive information can be obtained through
amniocentesis. Amniotic fluid glucose concentration below 16 to 20 mg/dL, a
positive Gram stain, or a positive amniotic fluid culture is also suggestive of
intra-amniotic infection [29-31].

Can the patient with preterm premature rupture of the membranes be
managed as an outpatient?

Hospitalization is generally indicated during conservative management of
preterm PROM. Hospitalization encourages bed rest and pelvic rest, and allows
frequent evaluation of maternal and fetal condition. In most cases, latency is
relatively brief. For those with prolonged latency, however, there remains an
increased risk of umbilical cord compression, fetal demise, and intrauterine
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infection. It has been suggested that health care costs could be reduced through
discharge of the stable gravida [32]. The study was small, however, and lacked
the power needed adequately to evaluate fetal, infant, and maternal morbidities.
In the absence of data confirming a lack of risk with outpatient management after
the limit of potential viability, this practice is discouraged. Further study
regarding the risks and benefits of home care after preterm PROM is warranted.

When PROM occurs before the limit of potential viability, outpatient
management may be appropriate provided the patient has access to hospital
and is compliant to pelvic and modified bed rest. Initial inpatient observation may
increase the opportunity for membrane resealing, and allows early identification
of infection, fetal demise, or abruption. Generally, if discharged after initial ob-
servation, these patients are readmitted at the limit of viability for closer moni-
toring of maternal and fetal status.

How does pulmonary hypoplasia occur and how is it diagnosed?

PROM occurring before the limit of viability, particularly that occurring
before 20 weeks’ gestation, is associated with a significant risk of fetal pul-
monary hypoplasia. A number of theories have been proposed regarding the
mechanism of pulmonary hypoplasia. It is probable, however, that intrauterine
pressure supports the tracheobronchial tree, and that either local pulmonary or
amniotic fluid factors support alveolar development. Membrane rupture leads to
pulmonary collapse with subsequent arrest in alveolar development. This model
is supported by animal studies in which amniorrhexis resulted in fetal pulmonary
hypoplasia, but amniorrhexis with concurrent tracheal clipping did not.

The process of pulmonary hypoplasia is one that takes time to become
apparent subsequent to the initial insult. Over a period of weeks, the lungs fail to
grow in pace with the remainder of the fetus. This is manifest on ultrasound as a
lag in chest circumference, chest-abdomen ratio, or lung length, among other
indirect parameters of pulmonary growth [15,33,34]. Because the lag in lung
growth likely reflects the results of an earlier insult rather than an ongoing pro-
cess, it is unlikely that earlier delivery enhances outcome once pulmonary hypo-
plasia is suspected.

A variety of treatments to seal the membrane leak (eg, amnioinfusion, and
fibrin-platelet-cryoprecipitate or gel-foam sealing) after PROM before viability
have been attempted [35-37]. The efficacy and risks of these approaches have
not been adequately evaluated to suggest their incorporation into clinical practice.

What are the considerations regarding group B streptococcus prophylaxis
after premature rupture of the membranes?

The benefits of intrapartum prophylaxis with intravenous penicillin to prevent
maternal-fetal transmission of group B streptococcus (S agalactiae) have been
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well demonstrated [38]. Preterm birth and prolonged membrane rupture are both
risk factors for neonatal group B streptococcus sepsis. The patient with preterm
PROM should receive intrapartum group B streptococcus prophylaxis unless
there is an available recent negative anovaginal culture. Known group B strep-
tococcus carriers should receive intrapartum group B streptococcus prophylaxis
regardless of prior treatment. Treatment consists of intravenous penicillin as a
5 million unit initial bolus followed by 2.5 million units every 4 hours, or am-
picillin, 2 g then 1 g every 4 hours. Women who are penicillin allergic should
be treated with intravenous cefazolin (2 g then 1 g every 8 hours) unless the
patient is at significant risk for anaphylaxis or complications should anaphylaxis
occur. Under that circumstance, either 500 mg intravenous erythromycin every
6 hours or 900 mg intravenous clindamycin every 8 hours should be given if
sensitivity has been demonstrated. In the presence of significant anaphylaxis risk
with penicillin and evident resistance to erythromycin or clindamycin, 1 g van-
comycin should be given intravenously every 12 hours. The patient who has had
a negative anovaginal culture within 6 weeks does not require intrapartum anti-
biotics unless there is evidence of chorioamnionitis or another medical condition
requiring treatment.

Should antibiotics be given to prolong pregnancy and reduce infant
morbidity?

This is perhaps one of the best studied areas regarding the treatment of preterm
PROM. Over two dozen studies have been published regarding this issue, and
most of these have been prospective randomized trials. The goal of adjunctive
antibiotic therapy during conservative management of preterm PROM remote
from term is to treat or prevent ascending decidual infection to prolong pregnancy
and prevent amnionitis and reduce the risk of neonatal sepsis. These studies have
been reviewed in a number of meta-analyses and recent publications [12,39,40].
In summary, broad-spectrum antibiotic treatment of conservatively managed
women with PROM remote from term prolongs pregnancy, reducing the risk of
delivery at 1, 2, and 3 weeks by half. Further, such treatment has been shown
to reduce maternal chorioamnionitis, neonatal sepsis, and intraventricular hem-
orrhage, in addition to reducing the need for neonatal oxygen and surfactant
therapy [40].

What is the optimal antibiotic regimen during conservative management of
premature rupture of the membranes remote from term?

A number of different antibiotic regimens have been considered in trials
addressing this issue. Ultimately, the goal is to provide antibiotic coverage
against a range of gram-positive and gram-negative organisms that have been
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demonstrated in intra-amniotic infections after PROM [21]. At the same time,
there is a desire to limit the duration of therapy in the belief that this reduces
selection of resistant organisms. Two large multicenter trials highlight different
approaches to this issue [41,42]. The National Institutes of Child Health and
Human Development Maternal Fetal Medicine Research Units (NICHD-MFMU)
Network study of PROM from 24 to 32 weeks’ gestation used initial aggressive
intravenous therapy (48 hours) with ampicillin (2 g intravenously every 6 hours)
and erythromycin (250 mg intravenously every 6 hours), followed by limited
duration oral therapy (5 days) with amoxicillin (250 mg orally every 8 hours) and
enteric coated erythromycin-base (333 mg orally every 8 hours). These agents
provide broad-spectrum antimicrobial coverage and have demonstrated safety
when used in pregnancy. Group B streptococcus carriers were treated with
ampicillin for 1 week and then again in labor [41,43]. Another multicenter study
(The ORACLE trial) included four study arms assigned to oral erythromycin,
amoxicillin-clavulanic acid, both, or placebo for up to 10 days after preterm
PROM occurring before 37 weeks [42].

The NICHD-MFMU study of PROM from 24 to 32 weeks found that
antibiotic treatment increased twofold the likelihood that women would remain
undelivered after 7 days of treatment, and that this effect persisted for up to
3 weeks after discontinuation of antibiotics at day 7 [41,43]. These data confirm
that antibiotics improved neonatal outcomes including reductions in composite
morbidity (one or more of death, RDS, early sepsis, severe intraventricular hem-
orrhage, or severe necrotizing enterocolitis: 44% versus 53%, P <.05), and also
individual morbidities, such as RDS (40.5% versus 48.7%), severe necrotizing
enterocolitis (2.3% versus 5.8%), patent ductus arteriosus (11.7% versus 20.2%),
and chronic lung disease (bronchopulmonary dysplasia: 13% versus 20.5%)
(P <.05 for each). Antibiotic treatment also reduced the incidences of amnionitis
(23% versus 32.5%, P=.01) and neonatal group B streptococcus sepsis (0%
versus 1.5%, P=.03). Neonatal sepsis (8.4% versus 15.6%, P=.009) and pneu-
monia (2.9% versus 7%, P=.04) were reduced in those who were not group B
streptococcus carriers (group B streptococcus carriers received ampicillin even if
assigned to placebo).

The ORACLE trial revealed brief pregnancy prolongation (not significant
at 7 days), and decreased need for supplemental oxygen (31.1% versus 35.6%,
P=.02) and positive blood cultures (5.7% versus 8.2%, P=.02), but no signifi-
cant reduction in the primary outcome (composite morbidity: one or more of
death, chronic lung disease, or major cerebral abnormality on ultrasonography,
12.7% versus 15.2%, P=.08) with erythromycin therapy [42]. Oral amoxicillin—
clavulanic acid prolonged pregnancy (43.3% versus 36.7% undelivered after
7 days, P=.005) and reduced the need for supplemental oxygen (30.1% versus
35.6%, P=.05), but was associated with an increased risk of necrotizing entero-
colitis (1.9% versus 0.5%, P=.001) without reducing other neonatal complica-
tions. The combination of oral amoxicillin—clavulanic acid and erythromycin
yielded similar findings. Although oral erythromycin was effective in reducing
infant complications, many need to be treated with oral erythromycin to pre-
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vent one adverse outcome, given the relatively small differences in outcomes
between groups.

The ORACLE trial has raised concern that amoxicillin—clavulanic acid might
increase the risk of neonatal necrotizing enterocolitis. This finding is somewhat
at odds with the NICHD-MFMU trial, which found a reduction in stage 2 to
3 necrotizing enterocolitis with aggressive antibiotic therapy in a higher-risk
population. Overall, the most recent meta-analysis did not find an increased
risk of necrotizing enterocolitis with antibiotics, but it is prudent to avoid
amoxicillin—clavulanic acid, and also to reduce exposure to any broad-spectrum
antibiotics (and chorioamnionitis) by delivering women with PROM near
term expeditiously.

It has been questioned whether the duration of antibiotic therapy might be
decreased to reduce the potential selection of resistant microorganisms [44,45].
The two prospective studies that have addressed this did not demonstrate in-
creased neonatal risk with shorter duration therapy, and also did not demonstrate
less effect on latency than more prolonged therapy. Alternatively, neither study
had an adequate sample size and power to demonstrate equivalence between the
studied regimens. As such, the NICHD-MFMU protocol of 7 days of therapy is
currently recommended.

Because of the several possible indications for antibiotic treatment in this
population, attention should be given to avoidance of duplicate treatments. Where
possible, antibiotic treatment should include the least number of different anti-
biotics, in adequate dosages for the identified indications. For example, the pa-
tient with evident chorioamnionitis who is receiving intravenous ampicillin and
gentamicin or the patient being treated with intravenous cephazolin intrapartum
for a concurrent urinary tract infection, does not require additional group B
streptococcus therapy with penicillin. The patient receiving ampicillin and eryth-
romycin for pregnancy prolongation that is identified to also have C trachomatis
should be treated with erythromycin in adequate dosage to be effective for
both indications.

How should the patient with preterm premature rupture of the membranes
and cerclage be managed?

Cervical cerclage, particularly emergent cerclage, is a common risk factor for
PROM [9,46,47]. There are a number of retrospective studies but no prospective
trials regarding the optimal management of PROM with a cervical cerclage in
place. It has been found that the risk of adverse perinatal outcomes after PROM
with a cerclage is similar to that seen when there is no cerclage in place if the
stitch is removed on presentation [48,49]. Studies comparing cerclage retention
versus removal after preterm PROM have been small [50-52]. Although these
studies seem to have conflicting results, there are several consistent patterns.
First, each has found insignificant trends toward increased maternal infection
with retained cerclage, and one study found increased infant mortality and death
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from sepsis with retained cerclage, despite brief pregnancy prolongation. Second,
no controlled study has found a significant reduction in infant morbidity with
cerclage retention after preterm PROM. Given potential risk without evident
neonatal benefit, it is recommended that cerclage be removed on presentation
with PROM, particularly if the history of cervical incompetence is equivocal. It
may be appropriate to leave the stitch in place during antenatal corticosteroid
administration, with removal at 24 to 48 hours, but the benefit of this approach
has not been confirmed. If cerclage is retained under this circumstance it is
prudent to give concurrent broad-spectrum antibiotics as described previously.

Should antenatal corticosteroids be given in the setting of preterm
premature rupture of the membranes?

Antenatal corticosteroid administration should be considered concurrent to
conservative management of preterm PROM. These patients are considered to be
at significant risk for perinatal morbidity (otherwise they should be delivered).
Two recent prospective trials of antenatal corticosteroids concurrent to antibiotic
administration have found less RDS (18.4% versus 43.6%, P=.03) and no evident
increase in perinatal infection (3% versus 5%, P=NS) with antenatal cortico-
steroids after preterm PROM at 24 to 34 weeks [53], and less perinatal death with
treatment for those remaining pregnant at least 24 hours after initiation of
treatment (1.3% versus 8.3%, P=.05) without an apparent reduction in RDS
[54]. The most recently published meta-analysis in this regard has found antena-
tal corticosteroids during conservative management of PROM to substantially
reduce the risks of RDS (20% versus 35.4%), intraventricular hemorrhage (7.5%
versus 15.9%), and necrotizing enterocolitis (0.8% versus 4.6%), without
significantly increasing the risks of maternal (9.2% versus 5.1%) or neonatal
(7% versus 6.6%) infection [55]. Antenatal corticosteroids, either a single course
of betamethasone (12 mg intramuscularly, every 24 hours X 2 doses) or dexa-
methasone (6 mg intramuscularly, every 12 hours X 4 doses), should be admin-
istered during conservative management if they have not been previously given.

It has been suggested women with PROM would deliver too quickly to benefit
from antenatal corticosteroid administration. This is clearly not the case, because
most remain pregnant at least 48 hours, regardless of concurrent antibiotic ad-
ministration. It has also been suggested that preterm PROM itself might ac-
celerate fetal pulmonary maturation. This is controversial, and even if true, RDS
remains the most common acute morbidity in this setting (41% in the NICHD-
MFMU trial) [41]. Finally, it has been suggested that antenatal corticosteroid
treatment might increase the risk of neonatal infection. This has not been con-
firmed in meta-analyses, and review of individual studies has revealed no con-
sistent pattern toward increased or decreased infection. With antibiotic treatment,
most conservatively managed women with preterm PROM remain pregnant for at
least 24 to 48 hours and the risk of infection is decreased. It is prudent to give



424 MERCER

concurrent broad-spectrum antibiotics as noted previously to prolong pregnancy
and reduce infectious morbidity in this situation.

Should tocolytic therapy be used after preterm premature rupture of the
membranes

Current data do not confirm that tocolytic therapy after preterm PROM
reduces infant morbidity and mortality. Because of this, and because of the
potential for intrauterine infection in this setting, some caregivers elect not to
treat these women with tocolytic agents, and this is appropriate. Alternatively,
prophylactic tocolysis after PROM, particularly if contracting (preterm labor)
occurred before preterm PROM, has been found briefly to prolong latency. No
studies have evaluated tocolysis given concurrently with antenatal corticosteroid
and antibiotics administration. It is plausible that short-term pregnancy pro-
longation with prophylactic tocolysis could enhance the potential for cortico-
steroid effect and allow time for antibiotics to act against subclinical decidual
infection. It is not unreasonable to administer tocolysis under such circumstances.
Further study is needed.

Are neurologic complications linked to preterm premature rupture of the
membranes?

Increasing evidence has linked intra-amniotic infections to long-term neuro-
logic complications. Cerebral palsy and cystic periventricular leukomalacia have
been linked to amnionitis [56]. Elevated amniotic fluid cytokines and fetal
systemic inflammation (termed “fetal inflammatory syndrome”), which may
accompany maternal-fetal infection, have been associated with periventricular
leukomalacia and subsequent cerebral palsy [57-59]. Because early delivery and
perinatal infection are commonly seen with PROM, it might be suggested that
women with PROM should be delivered regardless of gestational age. It has
not been shown, however, that immediate delivery on admission prevents these
sequelae. Although there may not be overt infection on presentation with PROM,
it is possible that subclinical infection is already present in some cases and that
early delivery does not help. Alternatively, for those with PROM remote from
term, conservative management with concurrent antibiotic administration does
offer the opportunity to reduce gestational age—dependent and infectious com-
plications. Until evidence of the benefits of immediate delivery become available,
conservative management with adjunctive antibiotics to reduce the risk of in-
fection is recommended for women with PROM remote from term (<32 weeks).
Near term (>32 weeks), the risk of major acute and chronic morbidity with
delivery is low if pulmonary maturity is documented. Antenatal corticosteroids
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can be given to accelerate fetal maturation if pulmonary testing is unavailable or
suggestive of immaturity. Early delivery should be considered for these women,
to reduce the risk of exposure to intrauterine infection and subsequent neuro-
logic morbidity.

Summary

When PROM occurs before term, there are a number of interventions to
reduce perinatal complications. In general, unless there is an opportunity to
reduce gestational age—dependent morbidity or mortality with conservative man-
agement through either antenatal corticosteroid administration or extended la-
tency, the patient is best served by expeditious delivery before complications,
such as chorioamnionitis, umbilical cord compression, or abruption occur. When
conservative management is undertaken, timely antenatal transfer to a center with
facilities for maternal observation and neonatal resuscitation or care, in-hospital
monitoring to allow monitoring and early intervention for infection, labor, bleed-
ing, and nonreassuring fetal heart rate patterns, antenatal corticosteroid adminis-
tration to enhance pulmonary maturation and reduce intraventricular hemorrhage,
antibiotic treatment to prolong pregnancy and reduce perinatal infections, and
intrapartum group B streptococcus prophylaxis in the absence of recent negative
anovaginal cultures each offer the opportunity to enhance pregnancy outcomes.
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Preterm labor (PTL) in a multiple gestation occurs frequently (twins 50% [1],
triplets 76% [2], quadruplets 90% [3]) and is a common reason for preterm
delivery (PTD) (twins 34%, triplets 58% [2], quads 26.9% [3]). In a large study of
twins delivering preterm (between 33 and 36.9 weeks) [4], 22% of the PTDs were
considered nonindicated (discretionary). This fact is rather concerning about the
management decisions of obstetricians caring for twin gestations. Of the
deliveries that had indications, PTL was the reason for delivery in almost two
thirds (65.1%) of patients.

Garite and colleagues [5] demonstrated in a large database of newborns
(51,388) that gestational age-specific mortality and survival without significant
morbidity are similar for singletons, twins, and triplets, establishing that the
determining factor affecting neonatal outcome is prematurity. Management
strategies for multiple gestations must be directed at early detection of PTL and
effective strategies to delay or prevent PTD. Unlike singleton gestation where
identification of patients at risk for PTL is often difficult, every multiple gestation
is at risk for PTL, so all patients can be managed as being at risk. Although PTL
is a significant cause of PTD, one must recognize that there are other reasons for
delivery in multiple gestations. Clinicians must treat the whole patient and extend
the pregnancy to the most advanced gestational age possible that is consistent
with the best outcome. If nutritional needs are not addressed, the incidence of
intrauterine growth restriction increases and premature delivery may be indicated
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for that reason. Similarly, issues with anemia, preeclampsia, diabetes mellitus,
and cervical insufficiency may influence the timing of delivery. Although these
factors are not the main topic of this article, they do form the context in which
PTL occurs [6]. There are three important areas regarding PTL in a multiple
gestation that warrant consideration: (1) prevention strategies, (2) early detection
of PTL, and (3) treatment of PTL when it occurs. There is an old adage that an
ounce of prevention is worth a pound of cure, which is extremely important in
managing PTL of multiple gestations. Clinical and research efforts to prevent
PTD have generally taken an approach that started at the end of the process when
the patient is experiencing PTL. Tocolytic drugs have been used to treat acute
PTL, including magnesium sulfate (MgSO,), 3-sympathomimetic agents (rito-
drine and terbutaline), calcium channel antagonists, and prostaglandin synthetase
inhibitors (indomethacin), with varying success. The use of these and other
medications for maintenance tocolysis (beyond 48 hours) or as a prophylactic
strategy (before PTL has started) has found limited success. The variability in
success is certainly caused by many factors including multiple etiologies for PTL
(infection, uterine distention, placental vascular changes [abruption, thrombo-
philia], premature rupture of membranes, cervical insufficiency, nutrition, and
idiopathic); identification of patients at risk; early diagnosis; choice of drugs for
treatment; and aggressiveness in the use of the tocolytic therapy.

Efforts to make the diagnosis of PTL early in the process have been successful
using home contraction monitoring (HOM) [7], but the impact on PTD has been
limited by ineffective strategies to maintain the pregnancy beyond acute tocoly-
sis. Risk identification by history (eg, prior PTL with PTD, prior premature
rupture of membranes with PTD), anatomy (eg, incompetent cervix or uterine
anomaly), diagnostic testing (eg, fetal fibronectin), or cervical length measure-
ment has also been limited by lack of effective management strategies. I believe
that a better approach to this problem is to focus on the patient who is not in
active PTL because that is the end stage of this process. Tocolysis with drugs is
the only option then, and there is a significant chance of failure with a PTD
resulting. The uterus is a smooth muscle with an innate ability to contract. These
contractions occur even when nonpregnant (menstrual contractions). In preg-
nancy, this inherent uterine contractility is the foundation, which is then acted on
by various forces that may cause true PTL. Why do some patients with a given
risk factor go into PTL, whereas others do not? With twins, 40% develop PTL
and 60% do not. What differentiates Mrs. Smith from Mrs. Jones?

PTL involves contractions and cervical change. If the uterus has the ability to
contract, then these contractions can be measured. These contractions can be
organized conceptually using a device called a “contraction-stat.”” This is similar
to a thermostat. A thermostat responds to external forces (a finger), which then
act on a switch, which affects the central heating-cooling machinery causing the
room to become warmer or cooler. Similarly, external forces can act on the uterus
to produce a change in the number of contractions. If a patient complains in-
frequently of syncope, an EKG is unlikely to detect an arrhythmia. An extended
period of observation (Holter Monitor) may be more successful in detection of
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Fig. 1. Illustration of a contraction-stat with 3.5 ctx/h/wk.

the arrhythmia. Monitoring uterine contractions for 2 hours a day does not give
as accurate information as 24-hour monitoring, but it seems to be adequate for the
need to assess baseline uterine activity. If there is 2 hours of contraction
monitoring a day, then each week there is an average of 14 hours of observation
and one can determine the contractions (ctx) per hour per week. Repeating that
calculation each successive week yields an ongoing assessment of the back-
ground contractile activity for that patient. Fig. 1 illustrates a theoretical
background average contraction rate of 3.5 ctx/h/wk.

There are many factors that affect the contractility of the uterus (Box 1).
Gestational age affects the background contractility. Contractions are visualized

Box 1. Factors influencing the contraction-stat
Increasing

Gestational age
Time of day
Estrogen

Uterine stretch
Physical activity
Infection

Placental abruption
Drugs

Stress

Decreasing

Progesterone

Drugs

MgSO4

Betamimetics

Prostaglandin synthetase inhibitors
Calcium channel blocker

Rest

Biofeedback
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on ultrasound from conception and increase with gestational age [8,9]. Indeed,
these background contractions were described by Braxton-Hicks [10] from the
third month until delivery. Frequent contractions (more than five per hour)
occurring at less than 36 weeks of gestation are potentially dangerous and should
be presumed to be PTL until evaluation proves otherwise. Moore and colleagues
[8] showed that uterine activity changes with the time of day. Contractions
increase from 5:00 PM to 3:00 AM because of the normal diurnal release of
cortisol from the adrenal gland. Endogenous hormones also have an effect on
uterine activity. Estrogen increases contractions by increasing gap junctions
(estriol surge) and this is opposed by the effect of progesterone, which acts to
inhibit contractions [11,12]. Background uterine activity is affected by excessive
uterine stretch (multiple gestation, hydramnios). For any gestational age, the
greater the number of fetuses the greater the background contractions [13,14].
Uterine activity is increased by physical activity [15] and is decreased by bed rest,
although bed rest alone has not been shown to prevent PTL. Infection can cause
uterine contractions and PTL in some pregnant women. Cystitis, pyelonephritis,
and appendicitis [16] can all affect contractions and there are associations with
vaginal infections (bacterial vaginosis). Physical stress (either at work or at home)
and psychologic stress can increase contractions. I have used biofeedback
techniques to reduce contractions in some patients.

Finally, numerous drugs affect uterine contractions. Some act to increase
contractions (eg, oxytocin, prostaglandin preparations, misoprostol, and ergot
alkaloids), whereas other drugs inhibit contractions (eg, MgSO,, betamimetics
[terbutaline and ritodrine], prostaglandin synthetase inhibitors [indometha-
cin, ibuprofen, ketorolac tromethamine, and so forth], and calcium channel
antagonists [nifedipine]). Some drugs have an indirect stimulatory effect on
the uterus. For instance betamethasone, given to enhance pulmonary matu-
rity, increases contractions in triplet and quadruplet pregnancies [17] and can
cause PTD.

I propose that the higher the background contraction rate, the greater the risk
of PTL developing. Is there a threshold of background uterine activity that is
potentially dangerous? Although there are no studies available that have formally
addressed this issue, there are several observations that might be informative.
Garite et al [13] observed that the mean uterine activity 48 hours before PTL
was 3.5 ctx/h, which increased to 5.5 ctx/h 24 hours before the initiation of
PTL. Newman and colleagues [18] found a subtle increase in background con-
tractions (0.5 ctx/h/d) before PTL starting 6 days before PTL occurred. The mean
contractions 24 hours before PTL were 3.2/h in their study. A separate
observation was made by Elliott and Radin [17] in high-order multiple gestations
when their data on the effect of betamethasone on contractions was published.
Contractions increased after steroid administration with a peak in activity 18 hours
after the first dose. If the background uterine activity (before steroids) was less
than 3.5 ctx/h, an increase in contractions was observed without cervical change
or delivery. In HOM gestations with a background frequency of greater than or
equal to 3.5 ctx/h, there was a statistically significant increase in cervical change
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and in PTD. Based on these observations, I suggest 3.5 ctx/h as a possible
threshold value to be used in multifetal gestation.

Returning to the fundamental question of why some patients with multiple
gestation (or any other risk factor) develop PTL, whereas others do not, PTL
seems to be an episodic event, which starts and if it is successfully treated stops
until some event triggers PTL again. If PTL is considered greater than or equal to
8 ctx/h with cervical change, it makes sense that the closer one is to that level of
contractions (eg, 5 ctx/h), the greater the chance the patient will go into PTL.
Conversely, the quieter the uterus (eg, 1.1 ctx/h) the greater the stimulus that is
needed to cause greater than or equal to 8 ctx/h. If the amount of uterine activity
associated with various forces acting on the contraction-stat could be determined,
a model for PTL could be developed. For example, one could say that bacterial
vaginosis is going to cause 2 ctx/h; dehydration 3 ctx/h; shopping at the mall for
3 hours, 3 ctx/h; moving into a new house 4 ctx/h; small placental abruption
5 ctx/h; asymptomatic urinary tract infection 4 ctx/h; bacteremia from infection
(pyelonephritis, gingival disease, pneumonia) 6 ctx/h; physical abuse 5 ctx/h;
and so forth.

In my own theoretic model I have Mrs. Jones pregnant with twins and her
contraction-stat shows 2.2 ctx/h at 28 weeks. Mrs. Smith, also pregnant with
twins, has a baseline contraction frequency of 5.4 ctx/h at 28 weeks. They decide
to go shopping for “baby” stuff. They are at the mall for 4 hours and Mrs. Jones
has a water bottle with her, but Mrs. Smith had not been advised to stay well
hydrated. Mrs. Smith begins to feel pressure and backache, which she ignores for
2 hours until she becomes uncomfortable. Mrs. Jones drives Mrs. Smith to the
hospital where the monitor shows 12 ctx/h (every 5 minutes) and her cervix is
1 cm 50% effaced. Mrs. Jones asks to be monitored also and she is having 5 ctx/h
(every 12 minutes) and her cervix was closed. One is in PTL, the other only
increased contractions. Why? Mrs. Jones started with a lower baseline and did
experience a stressor (increased physical activity) so contractions increased from
2.2 + 3 =5 ctx/h. Mrs. Smith had a higher background contraction pattern and
then superimposed two stresses (increased physical activity, 3 ctx/hr, and
dehydration, 3 ctx/hr, resulting in 5.4 ctx/h + 3 ctx/h + 3 ctx/h = 12 ctx/h). This
illustrates a potential mechanism discriminating between patients with the same
underlying risk for PTL.

How can the concept of a contraction-stat help clinicians to manage PTL in
multiple gestations (or any patient)? The role as caregivers for pregnant women
(especially multiple gestations) is to aggressively minimize the risk of developing
PTL (this includes recurrent PTL once it has been controlled). A potential
management strategy is to minimize the background uterine activity on the
contraction-stat. Additionally, one attempts to reduce the occurrence of the
known stressors that act on the uterus, especially infectious disease. Background
contractions occurring below the threshold (3.5 ctx/h/wk) do not necessarily need
manipulation, but if the patient exceeds the threshold (>3.5 ctx/h/wk), in-
terventions are appropriate to lower the contraction-stat to safer levels. This gives
a measurable goal to evaluate the success of the manipulation.
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Interventions to lower background contractions

Factors that reduce uterine activity are currently limited. Although bed rest has
never been shown to prevent PTL or PTD by itself [19], every woman carrying a
multiple gestation can verify that bed rest decreases the frequency of con-
tractions. If one tries to fit decreased physical activity into the model, it can be
given a decrease of 1.5 ctx/h. This change does not prevent PTD by itself very
often, but it may reduce the background activity enough that when the stress
occurs contractions increase, but PTL does not occur. Papiernik et al [20] re-
ported that paid work leave in France, which was part of a program of stress
reduction, resulted in a decrease in PTD. Psychologic stress or anxiety can cause
contractions, probably mediated by hormonal release (fight or flight mechanism).
A routine cervical examination in the office of a HOM gestation that reveals
cervical change that needs evaluation in the hospital will frequently cause the
patient to be having contractions every 3 minutes when she reaches the hospital.
I believe it is the sudden realization that there is trouble, with possible delivery
occurring, and that her babies are in danger, which initiates the contractions. The
role of stress reduction in reducing contractions has not been studied, but
anecdotally I have seen biofeedback techniques reduce contractions. Perhaps this
is worth 1 ctx/h.

The next possible intervention to decrease the contraction-stat is hormonal.
Progesterone has been shown to decrease the incidence of PTD in some cate-
gories of patients at risk [12,21,22]. Of interest, da Fonseca and colleagues [22]
monitored each patient in their study (prospectively comparing progesterone with
placebo for prevention of PTD in singleton gestations at risk) for 1 h/wk com-
pared with 14 h/wk for the contraction-stat. Table 1 reproduces their data
concerning mean contractions at each gestational age from 28 to 34 weeks and
Table 2 reproduces a comparison of contractions per hour for the whole
pregnancy between progesterone and placebo. Note the progression of increasing
background contractions in Table 1 in both groups from 28 to 34 weeks. Proges-

Table 1

Mean contraction frequency for each gestational week between placebo and progesterone groups
Gestational age Placebo mean + SD Progesterone mean + SD P value
28 4+3 1 +£0.6 .00001
29 4+21 1+09 .00001
30 62 +3 28 +£27 .00001
31 51 +25 32 +2 .0001
32 6.5 + 3.1 25+25 .01

33 7+42 28 +£24 .0001
34 6.5 £ 3.1 35+£2 .0001

From da Fonseca EB, Bittar RE, Carvalno MHB, et al. Prophylactic administration of progesterone
by vaginal suppository to reduce the incidence of spontaneous preterm birth in women at increased
risk: a randomized placebo-controlled double-blind study. Am J Obstet Gynecol 2003;188:419-24;
with permission.
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Table 2

Frequency of uterine contractions

Contraction Placebo (n = 70) Progesterone (n = 72) P value
<4 32 (45.7%) 55 (87.4%) .0001
45 12 (71.1%) 3 (4.1%) 0118
>6 26 (37.2%) 14) 19.4%) .0190

From da Fonseca EB, Bittar RE, Carvalho MHB, et al. Prophylactic administration of progesterone
by vaginal suppository to reduce the incidence of spontaneous preterm birth in women at increased
risk: a randomized placebo-controlled double-blind study. Am J Obstet Gynecol 2003;188:419-24;
with permission.

terone therapy powerfully decreased the background uterine activity. Of interest
also in Table 1 is that the mean contractions per hour are below the threshold
value until 34 weeks when it reaches 3.5 ctx/h. In Table 2, progesterone resulted
in 76.4% of the patients having less than 4 ctx/h compared with only 45.7% for
the placebo patients. Progesterone seems to be acting to lower the background
uterine contractions. The incidence of PTL was reported as similar in both
groups, which is not consistent with the theory, unless PTL in the progesterone
group occurred in the patients with the higher contractions per hour. Progesterone
is not currently indicated in multiple gestations for reduction of PTL, but
certainly it theoretically fits the contraction-stat model. There are currently two
multicenter prospective randomized controlled trials underway to address the use
of prophylactic progesterone in multiple gestation.

The final intervention that can be used to lower the background contractions
is tocolytic drugs. Tocolytic drugs can be used in acute PTL, as maintenance
therapy following successful acute tocolysis, or prophylactically before the
development of PTL in patients at risk. Several studies have examined the use of
prophylactic tocolysis in twins with 3-sympathomimetic drugs [23-26]. Only one
[26] found some benefit with oral terbutaline. These reports, and every study
involving tocolysis to prevent PTD, do not include a measurable end point to
guide dosing of the drug. Patients in these studies were not assessed to determine
if uterine contractions had been decreased to any chosen outcome measure
(eg, 3.5 ctx/h). Elliott and colleagues [27] reported the prophylactic use of terbu-
taline pump tocolysis in HOM gestations. I monitored the background contrac-
tions in triplet and quadruplet pregnancies using the threshold value of 3.5 ctx/h
to initiate prophylactic tocolysis to decrease contractions. Of 15 triplets and
quadruplet pregnancies that received prophylactic tocolysis with a terbutaline
pump, 5 (33%) eventually developed PTL, albeit with a mean delay before onset
of PTL of 26.4 days. The mean gestational age at the start of the pump was 24.4
+ 3.9 weeks in triplets and 21.1 + 1.5 weeks in quadruplets emphasizing how
early these pregnancies have significant uterine activity. Using this approach,
tocolytic failure was the reason for delivery in 2 (13%) of 15 of triplets and
1 (17%) of 6 of the quadruplet pregnancies, which compares favorably with a
58% incidence of PTD caused by PTL reported in triplets by Malone and
colleagues [2]. It is important to note that higher doses of terbutaline (basal
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infusion rate of 0.066-0.076 mg/h, approximately 16% greater than singleton
pregnancies) were needed in HOM gestations because of increased renal
clearance of the drug. A prospective trial is needed to determine if prophylactic
tocolysis (with a goal of maintaining the contraction-stat below 3.5 ctx/h) reduces
PTD caused by PTL in multiple gestations.

Although I believe that prevention of PTL should be the goal of therapy, there
are patients who develop PTL. PTL in a multiple gestation is very difficult to
control with tocolytic drugs once it has started. The increased renal clearance of
drugs in multiple gestations, because of increased blood flow to the kidneys,
necessitates increased dosage of tocolytic medications in acute PTL. Elliott and
Radin [28] published data showing that higher doses of MgSO, had to be ad-
ministered to achieve therapeutic serum levels in HOM gestations compared
with singleton pregnancy. It is important to remember that therapeutic serum
levels are necessary for the tocolytic drug to be successful. Frequently, too little
drug is administered to achieve a therapeutic effect and when contractions do not
stop, the drug is declared a failure and discontinued when really the dosage only
needed to be increased to treat the patient successfully. A prospective study by
Cox and colleagues [29] illustrates the danger of giving too little drug and then
declaring that the drug is ineffective at preventing PTD.

In my experience acute tocolysis in multiple gestations frequently requires
not only higher dosages but also multiple drugs (MgSO,, terbutaline, and
indomethacin). I limit intravenous fluids to reduce the risk of pulmonary edema,
but am aggressive with all these drugs. The initial bolus of MgSO, is 6 g and
then 3 g/h infusion. I occasionally increase it to as much as 6 g/h infusion, if
necessary, monitoring magnesium levels to maintain a serum level of 8.5 mg/dL
in resistant cases. Subcutaneous terbutaline can be used as intermittent injection
dosing (0.25 mg) or with continuous infusion of a basal rate and programmed
periodic boluses by infusion pump. Indomethacin (100-mg suppositories six to
eight times) can be added or alternatively ibuprofen, 600 mg every 6 hours,
may be used. After 48 to 72 hours with the contractions spaced out to 3 to 5 per
hour, the patient can be converted to a terbutaline pump. Oral maintenance
tocolysis is generally ineffective, especially in multiple gestations because of the
enhanced renal clearance of the drug. Extended tocolysis with continuous
intravenous MgSO, or terbutaline pump is more effective in maintaining the
pregnancy than oral agents, especially when the cervix is dilated greater than or
equal to 2 cm or the station is —1 or lower. Both MgSO, and terbutaline pumps
can be used for months with minimal side effects, but the former is used
inpatient, whereas the latter may be used in the home. The side effects of
MgSO, include headache, chest pressure, warm flushed feeling, nausea, double
vision, and muscle weakness. These all disappear at 72 to 96 hours of therapy.
Extended home management on terbutaline pump therapy is appropriate in
many circumstances.

There is absolutely no evidence that tocolytic drugs lose their efficacy at
48 hours. Physicians have a tendency to decrease drug therapy too soon when the
PTL has not resolved, when one should use the drugs aggressively and ap-
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propriately to achieve the desired effect. The most feared complication of toco-
lytic therapy is pulmonary edema. Pulmonary edema is not caused by the MgSOy,,
but is related instead to associated cardiovascular stresses. In unpublished data
from my practice, every patient who developed pulmonary edema had one or
more of the following cardiovascular stressors: fluid overload, hypertension, in-
fection, multiple gestation, or anemia. If pulmonary edema develops, one should
decrease the dose of MgSO, and treat with oxygen and furosemide for diuresis.
The drug does not need to be discontinued. The incidence of pulmonary edema is
3% to 5% in multiple gestations on MgSO,. Complications of terbutaline pump
therapy are very rare. Elliott et al [30] documented mild transient side effects
(tremors, shortness of breath, or chest discomfort) in 15.5% and serious cardio-
vascular complications in 12 (0.1%) of 9359, with 9 of the 12 being pulmonary
edema. Tocolytics are safe and effective when used by experienced physicians
and nurses.

Summary

PTL occurs frequently in multiple gestations and is the reason for delivery in
many twins, triplets, and quadruplet pregnancies. Physicians should take a
different approach to these complicated pregnancies because what has been done
before has not had any effect on the prematurity rate among such patients in the
United States. The goal as obstetric providers should be to assess the back-
ground uterine activity and establish the contraction-stat. These background
contractions must be therapeutically manipulated (if necessary) to keep them
below 3.5 ctx/h/wk. If tocolytic therapy is necessary to achieve this contraction
frequency, whatever drug prescribed should be titrated to keep the contractions
below 3.5/h/wk. Research is needed with tocolytics that are dosed aggressively to
achieve a measurable end point (<3.5 ctx/h/wk). Bed rest and stress reduction
probably will not prevent PTL as sole therapies, but are adjunctive care to reduce
the contraction-stat. The physician should have the philosophy of never giving
up. It is not acceptable to have a PTD of a multiple gestation unless the risks of
remaining pregnant exceed the risks in the nursery. Ideally, dichorionic twins
should deliver at 37 to 38 weeks, monochorionic-diamniotic twins at 36 to
37 weeks, monochorionic-monoamniotic twins at 32 to 34 weeks, triplets at 35 to
36 weeks, and quadruplets at 34 weeks. Clinicians have to want to prevent a
PTD to make that happen.
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Cervical surgery to prevent recurrent pregnancy loss was introduced in 1902
by Herman [1], when he reported on his experience of three patients treated by
Emmet trachelorrhaphy. In 1955 Shirodkar [2] and later in 1957 McDonald [3]
introduced methods of transvaginal cerclage to treat cervical incompetence. De-
spite minor modifications, these procedures have remained the mainstay of ther-
apy to prevent recurrent pregnancy loss.

Cervical incompetence has been defined as a physical deficit in the strength
of the cervical tissue that is either congenital or acquired [4]. Examples of
congenital disorders associated with recurrent pregnancy loss include mullerian
anomalies, diethylstilbestrol exposure, and Ehlers-Danlos syndrome. Examples
of acquired disorders of the cervical stroma that could potentially result in re-
curring pregnancy loss include obstetric trauma, such as cervical laceration
extending into the lower uterine segment, or gynecologic procedures, such as
cervical conization. Cervical incompetence has been traditionally diagnosed by
the historic criteria of painless dilation of the cervix; recurrent early preterm
delivery (<32 weeks) or second-trimester loss; and progressively earlier delivery
with each subsequent pregnancy. In the 1990s, with the advent of transvagi-
nal ultrasound and cervical length measurement, sonographic criteria were
developed to diagnose cervical incompetence. This included a short closed cer-
vical length; dilation of the internal os; and prolapse of the membranes into the
endocervical canal (funneling or beaking). In addition, exacerbations of
these findings with transfundal pressure were also considered a hallmark of this
disease [5].
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Classification

Treatment for the diagnosis of cervical incompetence has traditionally used a
cerclage procedure. The different types of cerclage can be classified with respect
to timing in gestation and anatomic approach (Table 1). Kurup and Goldkrand [6]
classified the timing of cerclage as being elective, urgent, or emergent. Elective
cerclage is defined as placement in the late first trimester or early second trimester
(usually less than 16 weeks gestational age), after viability has been established,
and the absence of gross congenital anomalies (eg, anencephaly) has been
ensured. This type of cerclage is placed before the development of any signs
or symptoms of cervical incompetence. An urgent cerclage is usually placed
between 16 and 24 weeks gestational age with most patients being asymptomatic.
The diagnosis is made by transvaginal ultrasound with dilation of the internal os,
prolapse of the fetal membranes into the endocervical canal, and a short cervical
length, or by digital examination with demonstrable cervical dilatation or
significant change in effacement when compared with first-trimester examination.
Emergent cerclage is usually associated with symptoms, such as pelvic pressure
or change in vaginal discharge, with fetal membranes prolapsed beyond the
external os. The timing is usually between 16 and 24 weeks and this usually
represents imminent pregnancy loss unless this process can be stabilized.

The anatomic approaches to cerclage placement can be from the transvaginal
or transabdominal route, with transvaginal being the most common approach.
Transvaginal cerclage can be further subdivided into a McDonald type or
Shirodkar type. The McDonald type of cerclage is a purse-string stitch placed in
the stroma of the ectocervix at the level of the cervical reflection of the vaginal
fornices. This type of cerclage is the most common type used in the United States
today [7]. The McDonald type of cerclage is easily taught and can be used in most
circumstances where the cervical anatomy is easily identified. The Shirodkar
transvaginal cerclage requires more experience because of the dissection that is
involved. An incision of the vaginal mucosa in the anterior and posterior plane is
made. The pubocervical fascia at the level of the internal os is identified using
sharp or blunt dissection. The purse string stitch is placed into the cervical stroma
with the vasculature of the cardinal ligament lateral to the suture on each side.
This type of cerclage is preferred for those patients with altered or absent
ectocervical anatomy. Various suture materials and anchoring techniques have
been advocated for cerclage procedures. At this time, synthetic permanent mono-
filament suture or braided permanent tape have been utilized most often. A recent

Table 1

Classification of cerclage procedures

Timing Anatomic approach
Elective Transvaginal
Urgent McDonald type
Emergent Shirodkar type

Transabdominal
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study demonstrated that the choice of suture had little impact, if any, on outcome
[8]. The choice between monofilament and braided synthetic tape should be a
personal choice based on personal preference and clinical experience.

The McDonald cerclage technique has never been directly compared by
randomized clinical trial with the Shirodkar technique with respect to perinatal
outcome. The Shirodkar type of cerclage has been advocated by some because of
the ability to achieve a close proximity to the internal os [9]. One study has
analyzed McDonald cerclage location in reference to the internal os and its
influence on outcome [10]. They found that cerclage placement closer to the
internal os had no discernable effect on outcome. Cerclage placement should be
according to personal technical and clinical experience with respect to the limits
of the maternal anatomy. Transabdominal cerclage requires an intraperitoneal
incision to identify the lower uterine segment. This procedure can be associated
with significantly more morbidity than the transvaginal approach. For this reason,
the transabdominal approach is reserved for patients with serious demonstrable
anatomic defects or a history of failed transvaginal procedures.

Elective cerclage

There have been four randomized trials of elective cerclage. Rush and col-
leagues in 1984 [11] from South Africa studied 194 patients at high risk for
pregnancy loss randomly assigned elective McDonald cerclage or no cerclage.
They found elective cerclage did not improve outcome. A French study by Lazar
and colleagues [12] in 1984 analyzed 506 women with a history suspicious
for pregnancy loss and randomly assigned them to elective McDonald cerclage or
no cerclage. Again, there was no significant difference in pregnancy loss or pre-
term birth prevention by elective cerclage. In 1993, the Royal College of Ob-
stetrics and Gynecology completed the largest study to date [13]. They studied
1292 patients with a suspicious obstetric history who were randomly assigned
to elective cerclage or continued clinical evaluation. They concluded that
approximately 96% of elective cerclage procedures were unnecessary and there
was no improvement in overall perinatal outcome. In a post hoc analysis, those
patients with three or more pregnancy losses seemed to have improved outcomes
associated with cerclage. In 2000, a study from the Netherlands by Althuisus and
colleagues [14] examined 70 patients with a classic history for cervical incom-
petence. On a one-to-two basis, they were randomly assigned to elective
McDonald cerclage or urgent cerclage if indicated by ultrasound criteria. They
concluded that in 59% of patients receiving elective cerclage, the procedure was
unnecessary despite a classic history of cervical incompetence. There was no
difference in perinatal outcome and 8.7% of their patients who received an
elective cerclage developed ultrasound cervical changes later in pregnancy.

These two most recent studies [13,14] demonstrate the inability of historic
criteria to define clearly those patients who are at risk for second-trimester loss
and early preterm labor birth. In addition, most patients with a history consistent



444 RUST & ROBERTS

with the traditional diagnosis of cervical incompetence do not have recurrent
pregnancy loss. The evidence to support the routine use of elective cerclage based
on historic criteria is lacking even in those patients with classic risk factors for
second-trimester loss. Based on the US Preventative Services Task Force ranking
of evidence and recommendation (Table 2), the evidence-based level A 1
recommendations for elective cerclage are that high-risk patients can be followed
safely with serial transvaginal ultrasound of the cervix during the second tri-
mester and unnecessary cerclage procedures can be avoided. Because of the post
hoc nature of the Royal College of Obstetrics and Gynecology data, a level B 1I-2
recommendation for elective cerclage placement in those patients with three or
more losses can be considered [13]. Based on these recommendations, the routine
use of elective cerclage for historic criteria should be discontinued in favor of
serial transvaginal assessment of endocervical length. There are three exceptions
to this recommendation: (1) a clear anatomic defect involving or near the internal
0s, (2) three or more second-trimester losses, or (3) inability to follow patients
with reliable transvaginal ultrasound.

There remain some unanswered questions concerning elective cerclage and the
authors’ recommendations concerning these questions are based on level C-III
clinical opinions derived from their experience.

Should low-risk patients be screened?

At the author’s facility, those patients between 16 and 24 weeks’ gestational
age receiving ultrasound evaluation for reasons other than cervical measurements
are screened by the transabdominal approach. Any suspected transabdominal
abnormalities are then investigated with transvaginal ultrasound. It should be
noted that transabdominal assessment alone of abnormalities of the cervix is
insufficient for evaluation and the transvaginal approach is far superior. This
recommendation is consistent with the American College of Radiology guide-
lines [15]. The exception to this rule is those cases with preterm premature

Table 2

US Preventative Services Task Force level of evidence and recommendation ranking

I Evidence obtained from at least one properly designed randomized controlled trial.

1I-1 Evidence obtained from well-designed controlled trials without randomization.

1I-2 Evidence obtained from well-designed cohort or case-control analytic studies,
preferably from more than one center or research group.

1I-3 Evidence obtained from multiple time series with or without the intervention.
Dramatic results in uncontrolled experiments also could be regarded as this type
of evidence.

1 Opinions of respected authorities, based on clinical experience, descriptive studies,
or reports of expert committees.

Level A The recommendation is based on good and consistent scientific evidence.

Level B The recommendation is based on limited or inconsistent scientific evidence.

Level C The recommendation is based primarily on consensus and expert opinion.
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rupture of the membranes in which foreign body placement into the vagina is
relatively contraindicated (see the article by Berghella elsewhere in this issue).

How often should high-risk patients be screened?

Based on the authors’ experience, any patient at risk for second-trimester loss
or preterm birth should not be screened before 16 weeks’ gestational age. Normal
cervical parameters for the first trimester have not been established and
pregnancies that end before this gestational age are usually associated with the
pathophysiology of first-trimester loss, which has multiple and diverse etiologies.
Between 16 and 24 weeks any patient with a significant risk factor (previous
preterm birth, previous second-trimester loss, prior cervical surgery, diethyl-
stilbestrol exposure, mullerian anomaly, multiple gestation, and so forth) is
evaluated every 1 to 4 weeks depending on the significance of the risk factor or
the presence of multiple risk factors. For example, a patient with prior cervical
surgery and term delivery is followed on a monthly basis, whereas the patient
with a prior second-trimester loss and cervical surgery is followed on a 1- to
2-week basis.

What should be done with high-risk patients with gross anatomic defects?

Patients with cervical lacerations that extend into the lower uterine segment
or gynecologic surgical amputation are candidates for elective transabdominal
cerclage. It should be noted that these patients are relatively uncommon (the
authors’ institutional ratio of transabdominal cerclage patients to transvaginal
cerclage candidates is 1:50). These cases should be referred to those institutions
with experience in treating these exceedingly high-risk patients with ab-
dominal cerclage.

Urgent cerclage

The evidence supporting the use of urgent cerclage was based on sonographic
findings and was supported by initial retrospective and descriptive studies
[16-18]. Unfortunately, the widespread use of urgent cerclage for a shortened
cervix or transvaginal ultrasound preceded extensive scientific scrutiny. In 1995,
Tams and colleagues [19] documented the changes in the cervix that take place
over time and are visualized by transvaginal ultrasound. They concluded that
closed cervical length has a direct relationship with gestational age at birth (as
cervical length decreases, the probability of term birth decreases). This con-
tinuum theory is compatible with the predictable “T,Y,V,U” process originally
described by Zilianti and colleagues [20]. Before the onset of dilation and
effacement, the fetal membranes in the endocervical canal have a perpendicular
T-shaped relationship (Fig. 1). As the cervix begins to efface, the internal os
becomes disrupted, and the fetal membranes prolapse into the endocervical canal
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Fig. 1. Transvaginal ultrasound image of a normal-appearing cervix. Note the perpendicular “T”
shape relationship between the fetal membranes and endocervical canal.

producing a funnel or Y-shaped finding on transvaginal ultrasound (Fig. 2).
It should be noted that during this phase there is usually no manifestation of
change noted at the level of the external os with direct vaginal speculum
visualization or with digital examination. As the membranes continue to descend
into the endocervical canal and the closed cervical length shortens, there can be a
V shape noted on transvaginal ultrasound (Fig. 3). The classic V shape represents
a brief transition from the Y to U phase and is seen much less often then these
other two shapes. The characteristic U-shaped membrane prolapsed into the
endocervical canal is associated with a markedly reduced cervical length and is
usually associated with findings at the level of the external os including visible

+ 2.32cm

M1<B.4

Fig. 2. Transvaginal ultrasound demonstrating the characteristic “Y”” shape funnel caused by dilation
of the internal os, prolapse of the fetal membranes into the endocervical canal, and a shortened distal
cervical segment.
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Fig. 3. Transvaginal ultrasound demonstrating further membrane prolapse and a very short distal
cervical length associated with the “V* shape.

membranes on speculum examination and significant dilation or effacement
noted on digital examination (Fig. 4).

The theory of the loss of cervical competence as a continuum establishes this
predictable sequence of progressive cervical dilation and effacement similar to
the process that normally takes place near-term. It further suggests a similar
pathophysiology related to these ultrasound changes when they occur in the
second trimester (loss of cervical competence) and early third trimester (preterm
labor). In 1996, Iams and colleagues [21] as part of the National Institute of
Health Maternal Fetal Medicine network, established a cervical length of less
than or equal to 2.5 cm at 24 weeks as the 10th percentile and the critical thresh-
old for increased risk of preterm birth. Since that time there have been four

Fig. 4. Transvaginal ultrasound demonstrating the “U” shape membrane prolapse with an extremely
short distal cervical segment. These ultrasound findings are usually associated with changes in the
external os visible on speculum examination and palpable on digital examination.



Table 3

Efficacy of urgent cerclage

8hy

Dutch [23] Lehigh Valley [22,43] Thomas Jefferson [25] Multinational [24]
Dates of enrollment 1995-2000 1998-2003 1998-2003 Unspecified
Sample size 35 241 61 252

Historic criteria

Cervical criteria
Gest age range

Amniocentesis to
rule out infection
Medical treatment

Suture type
and technique
Mean gestational age
at delivery (wk)
Cerclage
No cerclage
Perinatal death
Cerclage %
No cerclage %

Singleton, previous PTB (48%);
gyn surgery or anomaly (23%);
cervical findings only (28%)

Length <2.5 cm (mean 2.0)

Lower limit unspecified up to
27 wk (mean 20.7)
No

All patients: 6 days of
metronidazole and amoxicillin
Cerclage patients: perioperative
indomethacin

Single, braided tape, McDonald

379 £ 1.2
33.1 £ 64
0

18.7

All patients, previous PTB (42%);
gyn surgery or anomaly (31%);
multiple gestation (14%);

cervical findings only (12%)
Length <2.5 cm with funnel
(mean 1.7)

16-24 wk (mean 20.9)

Yes

All patients: preoperative
clindamycin and indomethacin
X48-72 h then continue
postoperative X 24 h

Single, nonabsorbable
monofilament, McDonald

342+ 57
345+ 52

14.4
7.7

All patients, previous PTB

or gyn factor (77%);

multiple gestation (6%);
cervical findings only (16%)

<2.5 cm with funnel
(mean 1.6 cm)
14-23 (mean 19.3)
No

Unspecified

Single, braided tape,
McDonald

326 £ 69
329 + 6.7

26
13

Singleton, previous PTB (18%);
gyn factor (39%); cervical
finding only (43%)

<1.5 cm 94% with funnel
(mean 0.9 cm)
22-25 wk (mean 23.5)

No
Cerclage patients: erythromycin

one dose preoperative
All patients: steroids 2628 wk

S1LYHd0d ¥ LSNA

Single braided tape, Shirodkar

36.4 + 4.7
354 £ 50

Abbreviations: Gyn, gynecologic; PTB, pre-term birth.
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randomized trials that have examined the efficacy of urgent cerclage [22-25].
These four studies are summarized in Table 3. Although one of these trials has
demonstrated a benefit of cerclage therapy, it should be noted that this study had
the smallest sample size [23]. The combined findings of these four trials coupled
with the cervical competence as a continuum theory leave one to conclude the
abnormal sonographic findings of the internal os, prolapse and membranes into
the endocervical canal, and shortening of the distal cervix with the dynamic
change noted with the application of transfundal pressure are anatomic
manifestations of altered cervical physiology. Furthermore, the “T,Y,V,U”
sequence noted on transvaginal ultrasound may be a final common pathway of
multiple pathophysiologic processes (Fig. 5). Evidence-based level A 1
recommendations for urgent cerclage include the following: the group of patients
who benefit from urgent cerclage has yet to be defined, urgent cerclage should be
considered a procedure under investigation, and obstetric departments or
divisions of maternal-fetal medicine should establish protocols for these very
complex patients. The authors further recommend (level C III) that data be
collected on treatment protocol results and intermittently evaluated. Harger [26]
recently reviewed the literature on cerclage therapy and recommended treatment
protocols for elective, urgent, and emergent cerclage. The authors consider these
excellent templates for treatment protocols.

Several questions regarding urgent cerclage remain unanswered. The
following suggestions are based on the authors’ experience and clinical opinion,
and should be considered level C III.

Other than cerclage, are there any other adjunctive treatments with antibiotics,
tocolytics, or steroids that may benefit the patient?

All patients with these sonographic changes during the second trimester
should have multiple urogenital cultures to rule out subclinical infection. In the
authors’ treatment protocols at Lehigh Valley Hospital, they included an amnio-

Final Common Pathway

Abnormal Uterine

Implantation / Activity
~ Abnormal Sonographic

Findings
Dilation
Prolapse
Distal Shortening
Dynamic Change

Infection — t ~~ Abruption

BwN=

Immunologic
Inflammation

Fig. 5. A schematic diagram demonstrating some of the multiple pathophysiologic processes that may
be associated with cervical changes on transvaginal ultrasound in the second trimester. (Modified from
Rust OA, Atlas RO, Reed J, et al. Revisiting the short cervix detected by transvaginal ultrasound in the
second trimester: why cerclage therapy may not help. Am J Obstet Gynecol 2001;185:1098-105.)
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centesis to rule out evidence of significant intra-amniotic infection [22]. It should
be noted that amniocentesis was used as part of an Institutional Review Board
protocol and should not be considered for routine care. Short-course antibiotic
therapy can be considered before cerclage placement or as empiric medical
therapy, but it should be noted that there is no evidence to support such treatment.
In addition, long-term antibiotic therapy should be avoided because of the
potential for selection of resistant organisms. In the case of tocolytic therapy,
the authors use short-term indomethacin for its anti-inflammatory and tocolytic
effects. There are no data to support its empiric use. The absence of anti-
inflammatory properties for magnesium sulfate, nifedipine, and (-agonists
precludes their use in the authors’ opinion. Concerning the use of corticosteroids,
most of the authors’ cerclage placements are before 24 weeks’ gestational age.
They have not used corticosteroids as part of their treatment protocol. If the
patient returns, is readmitted for preterm labor, or has other significant risk factors
for preterm early delivery, a single course of corticosteroids is indicated in
accordance with well-established guidelines [27].

Should patients with these sonographic findings be hospitalized?

The authors recommend outpatient management of reliable patients be con-
sidered and use follow-up outpatient evaluation, at least on a weekly basis, until
stabilization of endocervical length is established over a 2- to 4-week period. In
the absence of a progressive decrease in the endocervical length, the intervals for
evaluation can be extended to every other week. The patients should be educated
as to the signs and symptoms of frequent complications including preterm labor,
chorioamnionitis, and placental abruption.

After delivery, should these patients have any specific testing?

If during the pregnancy a urogenital infection is documented or there is his-
topathologic evidence of chorioamnionitis at the time of delivery, an evaluation
for subclinical gynecologic infection is indicated. In addition, evaluation for
mullerian anomalies or other alterations in the intrauterine or cervical anatomy
should be considered (hysteroscopy, hysterosalpingogram, three-dimensional
transvaginal ultrasound, MRI, and so forth). The patient may also benefit from
preconceptual counseling with respect to the potential recurrence of sonographic
findings in the second trimester.

Emergent cerclage

Emergent cerclage has been supported by multiple retrospective studies that
suggest benefit [28—34]. In contrast to candidates for urgent cerclage, emergent
cerclage patients have significant risk for intra-amniotic infection because of
membrane exposure to the vaginal flora (Fig. 6). For this reason, before attempt-
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Fig. 6. Transvaginal ultrasound demonstrating membrane prolapse beyond the external os into the
vaginal cavity.

ing a rescue procedure, amniocentesis should be considered. In addition, these
patients should be monitored for subclinical uterine activity and the potential for
placental abruption. Because of the retrospective nature of these studies, these
recommendations achieve a level of B II-2. Most often, these emergent proce-
dures represent a final effort to prevent imminent delivery of an extremely
premature fetus (Fig. 7). There remain questions unanswered concerning emer-
gent cerclage, and level C Il recommendations follow.

What is the best way to reduce the membranes above the cervix before cerclage
placement?

At the authors’ institution a sequential method is used. First, the cervix is
examined under anesthesia. If, in the Trendelenburg’s position, the membranes

22Mar83 TIb02 MIO.S
9:30:44am Fr#38 7.4cm

2D Opt:Res

Fig. 7. Transvaginal ultrasound of the same patient in Fig. 6 post emergent cerclage.
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Fig. 8. A intraoperative transabdominal ultrasound demonstrating a filled bladder compressing the
endocervical canal with a 16 Foley catheter with 30-mL balloon in the lower uterine segment
displacing the fetal membranes above the internal os.

are at or above the external os, a 16-mL Foley catheter with 30-mL bulb is placed
into the lower uterine segment and the balloon gradually filled until the mem-
branes appear receded above the internal os by intraoperative ultrasound. With
membranes persistently beyond the external os and prolapsed into the vagina, the
maternal bladder is filled under ultrasound guidance to 500 to 800 mL of normal
saline. If the membranes fully recede with bladder filling, then the Foley catheter
is placed through the cervix and balloon inflated as described previously (Fig. 8).
The bladder is then allowed to drain to facilitate cerclage placement. If bladder
filling fails to reduce the membranes, then the authors consider an amniocentesis
with amniotic fluid reduction to assist replacement of the membranes into the
uterine cavity, and then proceed with Foley placement into the uterine cavity.
The cerclage is then placed in close proximity of the internal os as possible
with the suture tied as the Foley catheter balloon is drained and then removed
from the cervix.

Should antibiotics or tocolytics be used?

The authors recommend a short course antibiotic and indomethacin therapy
be used as described with urgent cerclage. They recommend an interval of 48 to
72 hours be used before cerclage placement to allow urogenital cultures to return
and to rule out infection. In addition, the finding of membranes extended beyond
the external os often is a manifestation of a rapidly progressive process for which
a hastily placed cerclage may be associated with significant complication, such
as cervical laceration, rapidly progressive chorioamnionitis, or precipitous pre-
term labor.
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Should a Trendelenburgs position be used?

The use of Trendelenburg’s position to enlist the help of gravity in reducing
the membranes seems prudent. In the authors’ experience, however, if this
membrane reduction does not occur spontaneously within the first 24 hours, it
most likely will not occur at all. Prolonged Trendelenburg’s positioning is very
uncomfortable for the patient and may increase the risk of aspiration of gastric
contents. For this reason, they do not suggest Trendelenburg’s positioning of
longer than 24 hours.

Transabdominal cerclage

The evidence for transabdominal cerclage is also based on multiple small case
series [35-37]. The evidence supporting this procedure should be considered
level B II-2. The indications for a transabdominal procedure include a congeni-
tally or surgically absent or damaged ectocervix or failed transvaginal procedures.
One recent retrospective study has demonstrated that perinatal outcome seems to
be improved in patients with prior failed transvaginal cerclage when using the
transabdominal approach rather than repeat transvaginal approach [37]. Trans-
abdominal cerclage is usually placed with timing similar to elective cerclage
(between 10 and 14 weeks). There have been various modifications of the
transabdominal cerclage procedure and these case reports and clinical opinions
should be considered level C III recommendations. Transabdominal cerclage can
be placed before pregnancy. There is concern, however, for cervical stenosis and
infertility with this modification in timing [38]. When transabdominal cerclage is

Non-Pregnant Pregnant
Historical Anatomy Altered p—  Elective Cerclage
Risk -~ (? Transabdominal)
Factor SN Normal Anatomy > Serial Transvaginal

Ultrasound 16-24 wk

<~

Funnel Present No Funnel

Treat After 24 wk
Underlying PTL

Cause Precaution

|

i Transvaginal Cerclage
by Protocol

Fig. 9. The Lehigh Valley Management Protocol for patients at risk for recurrent pregnancy loss.
PTL, Preterm labor precautions.



454 RUST & ROBERTS

performed on an emergent basis there is considerable risk of adverse perinatal
outcome. For this reason the authors recommend this procedure only be used
in the most extreme circumstances and under the guidance of those surgeons
with considerable experience in this procedure. Operative complications of any
transabdominal procedure include preterm premature rupture of the membranes,
placental abruption, stillbirth, growth restriction, preterm labor, and suture ero-
sion or migration. For this reason, considerable counseling considering the risks
versus benefits of an abdominal procedure should be used. Laparoscopic place-
ment or cerclage removal of abdominal cerclage has also been reported [39,40].
A proposed management protocol for patients at risk for second-trimester loss
is summarized in Fig. 9.

Cerclage in multifetal gestation

The use of elective cerclage in multifetal gestations has been studied by Dor
and colleagues [41] in 1982. They randomly assigned 50 twin gestations to elec-
tive cerclage versus no cerclage and found no difference in outcome (level A I).
Newman and colleagues [42] in a large retrospective study analyzed 128 twins
comparing those pregnancies with a short cervix on transvaginal ultrasound
treated with urgent cerclage with those treated without cerclage. No difference in
outcome was noted (level B 1I-2). A recent randomized trial of urgent cerclage
analyzed a subgroup of multifetal gestation patients [43]. They found that the
cerclage group delivered earlier compared with the no-cerclage group (29.4 *
5.4 weeks cerclage versus 33.1 + 42 weeks no-cerclage, P=.03). Because of the
analysis as a subgroup, this should be interpreted as a level B II-2 recom-
mendation. To date, there is no evidence to support the use of elective, urgent, or
emergent cerclage in multiple gestations. Considering the potential for adverse
outcome, any cerclage placement in a patient with multifetal gestation should be
under a research protocol and in-depth discussion with the patient of risks versus
benefits used.
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B-Adrenergic agents have been prescribed by physicians to arrest preterm
labor for more than 30 years. These medications, including terbutaline, ritodrine,
isoproterenol, isoxsuprine, fenoterol, hexaprenaline, and salbutamol, enjoy a long
history and worldwide use as tocolytic agents [1]. Since 1998, with the voluntary
withdrawal of ritodrine by its distributor from the American market, terbutaline
remains the only 3-adrenergic tocolytic agent available in the United States [2].
Indeed, there currently is not a single tocolytic agent that is approved for use in
pregnancy in the United States by the Food and Drug Administration (FDA).

Three decades ago, the inhibition of preterm labor was applicable to only a
minority of women [3]. With the advent of preterm birth prevention programs,
which emphasize patient and provider education, identify patients at risk,
facilitate early diagnosis, and provide for aggressive and expeditious therapy, in-
creasing numbers of patients are now considered candidates for tocolytic man-
agement. Tocolysis’ chief benefit is significantly prolonging pregnancy in the
hope of avoiding or ameliorating the sequelae of preterm delivery. Delaying
delivery even a short time allows for administration of steroids and in utero
transfer of mother, thereby enabling preterm infants to be delivered in obstetric
units experienced in the care of high-risk pregnancies along with their supportive
neonatal intensive care facilities. At early gestational ages, even a modest (48—
72 hour) prolongation of pregnancy can be greatly beneficial to the fetus and
improve neonatal outcomes [2]. Tocolytic prolongation of pregnancy can also be
beneficial when there are underlying or self-limited causes of labor, such as
pyelonephritis or abdominal surgery, that are unlikely to cause recurrent pre-
term labor [4,5]. The function of acute tocolysis is not necessarily to prevent
a preterm delivery.
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Three principal indications dominate the use of tocolysis in the treatment of
preterm labor: (1) prophylaxis (ie, therapy based on the presence of a risk factor
or uterine activity alone, in the absence of documented cervical change, to
prevent preterm labor); (2) acute therapy (ie, typically administration of paren-
teral agents by either the intravenous or subcutaneous route for prompt control of
the acute episode of preterm labor for durations varying between 24—72 hours);
and (3) maintenance (ie, the use of oral or subcutaneous medications for long-
term tocolysis after cessation of preterm labor to prevent the recurrence of uterine
activity) [6].

Food and Drug Administration

Historically, the only medication approved by the FDA in the United States for
use as a tocolytic for preterm labor was ritodrine. Other tocolytic agents, such as
terbutaline, salbutamol, fenoterol, and hexoprenaline, have been approved for
use in many countries outside of the United States [1,7]. Originally approved for
use in 1980, ritodrine, despite its FDA approval, was supplanted over the last
20 years by terbutaline for use as a maintenance tocolytic. Terbutaline is much
less expensive than ritodrine, costing approximately 10 times less on a milligram-
to-milligram basis. Terbutaline is also the only tocolytic agent that can be given
subcutaneously. This route of administration is useful when labor-inhibiting
concentrations are required rapidly and the intravenous route is not available or
not desirable [1]. By 1993, between 8 and 10 times more terbutaline was used in
the United States for a pregnancy-related diagnosis than the FDA-approved drug
ritodrine. In the face of a diminishing market and increased regulatory pressure,
the manufacturer voluntarily withdrew ritodrine from the market (first oral
ritodrine in 1993 and then the intravenous injection in 1998) [2].

Terbutaline is currently FDA-approved only for the treatment of asthma, but
off-label use of terbutaline as a tocolytic agent has been known to clinicians for
more than 30 years. As a result of physician acceptance and comfort in pre-
scribing terbutaline, it is now estimated that at least 260,000 women per year
receive terbutaline during pregnancy and that it is the most commonly prescribed
(-adrenergic for tocolysis [1,2,7,8]. In addition to its use in preterm labor,
terbutaline is frequently used to effect uterine relaxation in external version for
breech presentations and for rescue tocolysis for uterine tetany (in preterm and
term labor). Clinicians have also used subcutaneous terbutaline to differentiate
between true and false preterm labor. Since 1993, the FDA has followed its long-
standing policy on the use of approved drugs for nonlabeled indications as being
entirely appropriate on the basis of medical advances reported in the literature
[2,6,9]. Indeed, in 1993 the FDA expressed the possibility of a literature-only
based new-drug application from the manufacturer for approval for use as a
tocolytic [2]. Unfortunately, no manufacturer has made this submission to the
FDA. Accordingly, many tocolytic drugs have never been approved for preterm
labor, but obstetricians use them because they know the drugs work [9]. FDA
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approval may lag behind the medical literature and current practice. To receive
approval, a pharmaceutical company must demonstrate that the medication is
both safe and effective in treating a certain condition. Even when the approved
drug is widely used to treat other conditions, a drug maker may decide it is
not cost effective to pursue supplemental approvals, so these costs may reach
hundreds of millions of dollars. The company may also elect not to seek
additional FDA approvals because it does not want to expose itself to potential
liability [9]. For example, the manufacturer of terbutaline issues a package insert
that states “parenteral terbutaline is not indicated for tocolysis™ [1]. Currently
approved FDA labeling for terbutaline contains warnings or precautions against
use in preterm labor that are not found outside the United States.

On November 13, 1997, the FDA issued a “Dear Colleague™ letter stating
concerns about the subcutaneous administration of terbutaline for the treatment
and prevention of preterm labor. This action seemed to have been prompted by
adverse anecdotal reports. Subsequent published reports in large treated popu-
lations demonstrate that the overall incidence of severe adverse events in women
treated with subcutaneous terbutaline was low and the therapy was well tolerated.
The reported safety and efficacy parameters were well within the guidelines
established by the previous FDA-approved (3-adrenergic agent, ritodrine [9].

Physiology

B-Adrenergic agents stimulate the 3-adrenergic receptors of the sympathetic
nervous system. Interactions with the receptor sites cause an increase in intra-
cellular production of cyclic adenosine monophosphate. This phenomenon results
in the reduction of intracellular calcium concentration in the smooth muscle. The
lower level of calcium inhibits activation of the contractile proteins actin and
myosin, which in turn results in relaxation of the myometrium. Two types of
B-receptors exist: 3; and 3, (Box 1). Because terbutaline possess [,-specific
properties, it is the drug of choice when uterine relaxation is desired. Box 2 lists
the major adverse effects from (3; stimulation. With prolonged or high-dose
exposure to 3-adrenergic therapy, there is a reduced response (of both end-target
and peripheral cells) thought to be caused by down-regulation of the 3-receptors
[10-15]. Clinically, this tachyphylaxis phenomenon may be a factor in recurrent
preterm labor despite treatment [16].

Studies into patterns of uterine activity have yielded valuable physiologic data.
Low-amplitude high-frequency uterine activity (LAHF) is thought by many to be
the precursor of more organized, phasic contractions that lead to cervical change
and preterm delivery. Current investigations address the following issues: (1) can
the detection of increased LAHF uterine activity be used as a screening tool to
diagnose preterm labor at an earlier stage, (2) can LAHF contractions be sup-
pressed with tocolytic agents, and (3) can suppression of this activity be achieved
with smaller doses of tocolytic agents? [16-27].
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Box 1. Receptor stimulation by B-adrenergic agents
B;-Receptor

Heart rate increased

Heart force increased
Lipolysis increased
Intestinal motility decreased

B>-Receptor

Uterine relaxation

Arteriole relaxation

Bronchiole relaxation

Muscle and liver stimulation: glycogenolysis
Pancreas stimulation: hyperinsulinism

Cell stimulation: hypokalemia

A circadian pattern of uterine activity has been identified. There seems to be a
nocturnal distribution of organized contractions, with 80% of all uterine activity
occurring during a 6-hour peak period in the late evening. The appearance of
increased LAHF activity generally preceded the onset of organized contractions.
The existence of this circadian pattern of uterine activity suggests that treatment
of preterm labor must be individualized. The tocolytic dose can be increased
during the nocturnal peak period of uterine activity and decreased during periods
of uterine quiescence. Such patient-specific regimens not only reduce overall
medication requirements but also minimize the risk of tachyphylaxis and toxicity
[16,28-31].

Efficacy

The use of B-adrenergic drugs for prophylaxis in twin gestations has been
shown to be of no benefit [32]. Double-blinded randomized studies using placebo
controls have evaluated oral fenoterol [33], terbutaline [34], and ritodrine [35,36].
All trials failed to demonstrate a significant increase in the length of gestation or
increased birthweight in the treated patients. Prophylactic use in at-risk singleton
gestations has not been evaluated.

The effectiveness of the different 3-adrenergic drugs used clinically for acute
tocolysis is comparable [1,3]. Placebo-controlled studies have demonstrated that
in women with intact membranes, 3-adrenergic therapy is significantly superior to
placebo in prolonging pregnancy, increasing birthweight, and reducing the
incidence of hyaline membrane disease [3,7]. Despite the prolongation of
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Box 2. Side-effects of B-adrenergic agents
Maternal: minor

Nausea and vomiting
Tremors

Anxiety

Flushing

Headache
Palpitations
Heartburn
Constipation

Maternal: major

Angina

Dyspnea

Pulmonary edema
Myocardia ischemia
Cardiac arrhythmias
Myocardia infarction
lleus
Hyperglycemia
Hyperinsulinism
Ketosis
Hypokalemia

Fetal
Tachycardia
Neonatal
Hypoglycemia
Hyperinsulinism
Hypocalcemia

Ketoacidosis
lleus

pregnancy, these studies have failed to demonstrate a significant reduction in
perinatal morbidity and mortality [4,37].

Overall, these studies demonstrate that acute use of these agents has the ability
to inhibit uterine activity rapidly and delay delivery for 3 to 7 days, but without
proved benefit to the neonate [1,4,37]. These studies were limited by small
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sample size, inclusion of patients with ruptured membranes, late gestational age,
and inconsistent application of antenatal corticosteroids [1,4,5].

The usefulness of administering a labor-inhibiting agent for maintenance
after successful suppression of an acute episode is controversial. Preliminary
published data suggest that oral magnesium salts, calcium channel blockers, and
prostaglandin-inhibiting agents are not effective in preventing preterm birth or
prolonging pregnancy [38,39]. There is evidence, albeit weak because of sample
size issues, that maintenance therapy with (3-adrenergic receptor agonists can
reduce the number of preterm labor recurrences and extend the time to a
recurrence [40]. Subsequent meta-analysis of oral agents failed to demonstrate
any improvement in outcome [41,42]. Despite this controversy, most clinicians in
the United States continue to transition preterm labor patients who are stable after
treatment to an oral or subcutaneous tocolytic agent for long-term maintenance
until either term gestation is reached or recurrent preterm labor occurs. In this
scenario, the additional goal of maintenance tocolysis becomes the detection and
prevention of recurrent preterm labor and further prolongation of pregnancy [6].

Choice of 3-adrenergic medication

Ritodrine was approved for use in preterm labor in 1980. During the ensuing
25 years, no other drug has been approved for use as a tocolytic by the FDA. Oral
ritodrine for maintenance therapy was removed in 1993 from the United States
market after the presentation of the Canadian Ritodrine trial [43]. Parenteral
ritodrine has since also been removed (1998).

Terbutaline quickly supplanted ritodrine for the oral suppression of preterm
labor for several reasons. First, studies showed no difference in efficacy between
oral terbutaline and ritodrine. Second, the 3- to 4-hour interval dosing for
terbutaline was better tolerated than the 2- to 3-hour dosing regimen for ritodrine.
Finally, as a generic drug, terbutaline was much more economical than the patent-
protected ritodrine. Because parenteral ritodrine was removed in 1998 and since
intravenous magnesium sulfate (MgSO,4) was better tolerated than intravenous
ritodrine at lower cost, MgSO, has become the most commonly used intravenous
agent for acute tocolysis [44—48].

Maternal effects

Although designed to be specific for 3, receptors, 3-adrenergic receptor ago-
nists affect multiple organs because of the ubiquitous nature of the 3-adrenergic
receptor and cross-reactivity of 3; and 3, receptors. Maternal cardiovascular and
metabolic physiology can be significantly altered. Stimulation of the 3, receptor
increases maternal heart rate and stroke volume. Stimulation of 3, receptors
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causes peripheral vasodilation and diastolic hypotension [1,4,5]. The most
common cardiovascular side effects are flushing, tachycardia, palpitations, and
hypotension. The most common serious side effect is pulmonary edema [1,5]. Pre-
disposing factors include multifetal gestation; persistent tachycardia (>130 beats
per minute); anemia (<9 g/dL); maternal infection; and iatrogenic fluid overload
(Fig. 1) [38]. Cessation of 3-adrenergic treatment and prompt diuretic treatment
usually results in rapid improvement. Left untreated, adult respiratory distress
syndrome can result [4]. Clinicians should pay meticulous attention to cumula-
tive fluid intake and urine output, and perform serial pulmonary examinations.
Other serious side effects can include cardiac arrhythmias, chest pain, and EKG
changes. Myocardial ischemia has been reported with the severity related to
high heart rates (>130 beats per minute). Known or suspected cardiac disease is
a contraindication to (3-adrenergic tocolysis. In addition, a prudent approach is
one in which intravenous saline solutions are avoided; intravenous fluids are
limited (1-2 L/d); and prolonged high-dose therapy is avoided.

Metabolic effects of the 3-adrenergic tocolytics include an increase in hepatic
glycogenolysis, maternal hyperglycemia, and transient hypokalemia [3,5]. Alter-
ations in carbohydrate metabolism make other non—3-adrenergic tocolytic agents
(ie, MgSOQ,, nifedipine) more suitable for use in patients with diabetes mellitus
[49]. The chronotropic effects of 3-adrenergic agents may exacerbate the tachy-
cardia associated with poorly controlled hyperthyroidism. Individualization of
tocolytic therapy is critical for success and for preventing complications. The mis-
use of these drugs pharmacologically has, in large part, contributed to many side
effects and to an apparent lack of efficacy reported by some [1]. This may also
explain some of the negative efficacy reports of studies wherein a rigid protocol
rather than individualization of treatment is followed.

Anemia

Twins

Beta-Tocolysis

Pregnant

Non-pregnant

T T T
0 5 10 15

Cardiac output (I/min)

Fig. 1. Components of preterm labor and their contribution to increase in maternal cardiac output
(liter per minute). (From Blickstein 1. Maternal mortality. In: Blickstein I, Keith LG, editors. Mul-
tiple pregnancy: epidemiology, gestation and perinatal outcome. London: Taylor & Francis; 2005.
p- 492-9; with permission.)
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Fetal and neonatal effects

B-Adrenergic agonists freely cross the placenta and equivalent fetal serum
concentrations are reached [6]. Labor-inhibiting serum concentrations of ter-
butaline range from 5 to 15 ng/mL. Peak plasma concentrations for terbutaline
have been reported to be 12 to 31 ng/mL after intravenous infusion, 2 to 6 ng/mL
for a basal subcutaneous infusion, 6 to 13 ng/mL for a 0.25-mg subcutaneous
bolus, and 4 to 5 ng/mL after a 5-mg oral dose [1,6]. Direct fetal effects may
include tachycardia and other physiologic and metabolic effects similar to those
seen in the mother [1]. Uterine blood flow, umbilical blood flow, fetal acid-base
status, and Apgar scores are not adversely affected [1,5]. Neonatal hypoglycemia,
hypocalcemia, ileus, and hypotension have also been reported [4]. Transient
cardiac intraventricular septal hypertrophy with ECG changes has been reported
in one echocardiographic study. This effect was related to duration of exposure,
was absent at follow-up, and significant lasting effects have not been sub-
stantiated [1,4,5]. The incidence of neurologic intraventricular hemorrhage is
controversial. Most reviews have suggested that 3-adrenergic agonists use de-
creased or did not affect the risk of intraventricular hemorrhage [50-53], whereas
an increased risk was found in two reports [54,55]. Evaluation of children exposed
to 3-adrenergic agonists in utero has demonstrated that treatment does not ad-
versely affect neurologic condition, or behavioral or psychologic development
[1]. Follow-up studies of children treated in utero showed no adverse alterations
at 2 years of age and at 6 years after exposure [56].

Recently, a basic science study of the effects of terbutaline in an animal model
has raised some concern [57,58]. The purpose of this study of 24 rats and their
litters was to examine the effects of terbutaline given on postnatal days 2 to 5
followed by exposure to insecticide on postnatal days 11 to 14 in the rat
offspring. The authors reported that the insecticide alone, terbutaline alone, or the
combination of both produced histologic changes in the rat brain. No long-term
effect on the rat neurologic or behavioral systems was performed. The rat new-
borns were given terbutaline injections of 10 mg/kg/d. This is the human equiva-
lent of 700 mg/d, 23-fold the typical oral dose (30 mg/d) given humans and
233 times the typical daily subcutaneous dose (3 mg/d). Clearly, data from
these animal studies cannot convincingly link toxic effects of 3-adrenergics on
the developing fetus. Terbutaline is an FDA category B drug, whereas other
tocolytics like nifedipine (category C) and indomethacin have no published long-
term fetal safety data [59-66].

Therapeutic plan

As currently practiced, acute preterm labor (excessive uterine activity with
cervical change) is promptly treated with parental tocolytics. Intravenous terbu-
taline is rarely used because of unacceptable side effects compared with intra-
venous magnesium [3,6], and intravenous ritodrine is no longer available. If acute
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treatment with (3-adrenergic therapy for acute-onset preterm labor is contem-
plated, baseline evaluation should include vital signs; electronic monitoring of the
fetal heart rate and uterine activity pattern; laboratory assessment (complete blood
count, blood glucose, electrolytes, urinalysis with culture and sensitivity, and
cervical culture); thorough pulmonary auscultation; and an EKG in patients with
known or suspected cardiac conditions [67].

Initial therapy may consist only of a fluid bolus (500 mL of isotonic
crystalloid over 30 minutes) administered by an indwelling line (18 gauge). If
hydration is unsuccessful, therapy with subcutaneous terbutaline can be started.
Terbutaline, 0.25 mg, may be given subcutaneously every 1 to 6 hours and is
determined by maternal uterine activity and limited by maternal heart rate
(P>130 beats per minute). Subcutaneous terbutaline may be used as the primary
route of administration, or it may be used to transition to maintenance therapy.
Subcutaneously administered terbutaline is particularly useful when labor-
inhibiting concentrations are required rapidly and the intravenous route is not
available or is not desirable [1]. Presently, there is no alternative drug for this
purpose. If a repeated dose of subcutaneous terbutaline is unsuccessful in
achieving uterine quiescence for acute preterm labor, an alternative tocolytic
agent (ie, intravenous MgSO,) should be quickly initiated.

Patients at highest risk for pulmonary edema include women with multiple
gestations, those with fluid overload, or women with underlying infection. Initial
symptoms may include shortness of breath, coughing, or wheezing [1,5,6].
Maximum fluid administration should not exceed 2000 mL per 24 hours.
Monitoring of intake and output must be strictly maintained. Oral fluid intake
should also be monitored, and a positive fluid balance should be avoided. Patients
should be weighed daily. The monitoring of metabolic status during therapy
includes repeated evaluations of glucose levels, complete blood count, and elec-
trolyte status.

After successful treatment, patients with preterm labor can be discharged
home on oral maintenance 3-adrenergic therapy. The potential advantages of oral
therapy at home include reduced risks, reduced costs, decreased stress, and ease
of administration [67]. Prevention of recurrent preterm labor is the goal of long-
term tocolysis. During episodes of recurrent preterm labor, patients are at risk for
premature rupture of membranes, further cervical change, and preterm delivery.
Among the many potential causes of tocolytic failure are patient noncompliance,
drug-side effects, premature rupture of membranes, and the emergence of drug
tolerance. In addition, oral medications are poorly absorbed during pregnancy
[68—70]. For all these reasons, many clinicians transition patients to terbutaline
(discussed later).

Subcutaneous pump therapy

Subcutaneous pump therapy was developed as an alternative to intravenous
tocolysis in patients who failed oral treatment because of recurrent preterm labor



466 LAM & GILL

[16]. Subcutaneous pump therapy delivers a continuous low basal rate of terbu-
taline and scheduled boluses of 0.25 mg of this agent during identified periods of
increased uterine activity. The total average daily dose (including basal and bolus
infusions) is 3 to 4 mg/d, and this dose is titrated according to changes in uterine
activity. Resensitization of the (3-receptors is essential to the success of this
therapy. Patients are first maintained on intravenous MgSO, for 24 to 48 hours as
a drug holiday to allow the 3-receptors to regain their sensitivity. Patients who
could not otherwise be discharged to home care because of inadequate response
to oral therapy may be maintained successfully on pump therapy. Nursing care
plays a significant role in patient education before discharge and in the
subsequent management of pump therapy in the home [68—70].

Basal infusion rates should be adjusted to minimize periods of LAHF. Dose
response studies demonstrated that continuous basal terbutaline infusion rates of
0.05 to 0.08 mg/h are most effective in suppressing LAHF waves and subse-
quent uterine contractions. In multifetal gestations, basal infusion rates of 0.06 to
0.09 mg/h may be required, because of the higher maternal blood volume. Higher
basal infusion rates should be avoided, not only because they result in more
medication than necessary to control LAHF waves, but also because they fail to
provide significant additional suppression of organized uterine contractions.

Bolus schedules are determined according to the patient’s individual contrac-
tion pattern. Bolus doses of 0.25 to 0.30 mg are given to suppress organized uter-
ine contractions. They are scheduled every 2 to 4 hours during the established
peak period of uterine activity, and less frequently during the periods of minimal
uterine activity. The typical patient requires six to eight bolus doses over a
24-hour period, resulting in a total infusion of less than 4 mg/d [16,31]. This dose
level is much lower than the typical oral terbutaline dosages of 40 to 60 mg/d and
typical intravenous terbutaline dosages of 60 to 80 mg/d, and minimizes com-
plications and tachyphylaxis.

The authors start most of their patients with stabilized recurrent preterm labor
on a standard dosage schedule: a basal infusion of 0.05 mg/h and boluses of
0.25 mg at 9:00 AM, 12 noon, 3 PM, 6 PM, § PM, and 10 PM [16]. Patients are
instructed to use supplemental demand boluses if they experience more than
four to six contractions per hour, and to record them on their preterm labor log.
Demand bolus histories are of value in making adjustments to the patient’s
routine bolus schedule. Boluses should not be given if the maternal pulse rate is
greater than 110 beats per minute, and in any case, no more frequently than every
hour. Whereas the currently accepted practice for titrating dosage levels of oral
(-adrenergic agents relies on measuring maternal tachycardia (a secondary (3;
cardiac effect), patient-specific dosing with the terbutaline pump is directed
toward reduction of uterine activity (a direct 3, end organ effect) [23].

The schedule of intermittent boluses can be adjusted if the patient’s pattern
of uterine activity changes, either during the hospital stay or after discharge
home. Adjustments may include increasing the frequency of boluses, adding
additional boluses, increasing the individual bolus doses up to a maximum of
0.3 mg, or shifting the cluster of boluses to coincide with a shift in the period of
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peak uterine activity [6,16,31,67]. The basal infusion rate may be increased if
there is an increase in uterine LAHF waves or a persistent increase in uterine
contractions of greater than four to six per hour despite repeated boluses. It is best
to maintain the basal infusion at the lowest rate possible, however, to prevent
B, receptor site desensitization. When the patient is stable on terbutaline pump
therapy, she can be discharged home on bed rest and monitored several hours per
day with a portable tocodynamometer [6]. Monitoring is scheduled for 1 hour
during the peak period of contractions, and 1 hour during the quiet period to
determine LAHF wave activity. Additional monitoring may be needed if periods
of increased uterine activity occur. A home care perinatal nurse should visit the
patient on a weekly basis to check blood pressure, pulse rate, fundal height, and
fetal heart rate; perform a urinalysis; and perform cervical examinations as
indicated [68].

Studies of recurrent preterm labor in patients with singleton or multiple
pregnancies who are receiving (3-adrenergic therapy demonstrate the following
patterns (Fig. 2): (1) a return of excessive levels of LAHF contractions; (2) a
return of a circadian, generally nocturnal, pattern of organized high-amplitude
uterine contractions; (3) a rapidly increasing need for increased frequency and
dosing of terbutaline or ritodrine [6,67]; and (4) a crescendo effect or acceleration
of the frequency of uterine contractions 48 to 72 hours before the episode of
active recurrent preterm labor [71]. Studies have shown that the home uterine
activity monitor is useful in titrating tocolysis at home and reducing unnecessary
hospital admissions unless they are required to institute or reinstitute intravenous
tocolysis [24,25,27,28]. Although infrequent, breakthrough does occur in patients
receiving terbutaline pump therapy. If it does, the patient should be readmitted to
the hospital and stabilized on intravenous MgSO, for 24 to 48 hours. Terbutaline
pump therapy should be discontinued (both basal and bolus infusions). This drug

Recurrent
preterm

Number of contractions/h
ON O

Fig. 2. Three-dimensional plot of uterine activity in a twin gestation leading to recurrent preterm
labor: continuous monitoring of a patient on oral terbutaline therapy. Recurrent preterm labor is
characterized by (1) a return of excessive levels of low-amplitude, high-frequency precursor uterine
activity patterns; (2) a return of a circadian, generally nocturnal pattern of organized high-amplitude
uterine contractions; (3) a rapidly increasing need for increased frequency and dosage of terbutaline;
and (4) a crescendo effect of acceleration of frequency of uterine contractions 48 to 72 hours before
the episode of active recurrent preterm labor.
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Number of contractions/h

Fig. 3. Recurrent preterm labor may be secondary to down-regulation of the uterine (3-receptors.
Intravenous magnesium sulfate is initiated in a sequential fashion to provide a “drug holiday.” At least
24 to 48 hours is required for the uterine (3-receptors to up-regulate and regain their sensitivity to
terbutaline. At this point, subcutaneous terbutaline pump therapy can be started to prevent the
recurrence of preterm labor.

holiday allows the myometrial receptors to regain their sensitivity to terbutaline
(Fig. 3) [6].

Perhaps the major cause of recurrent preterm labor is the desensitization of
myometrial B,-adrenergic receptor sites by prolonged and continuous exposure to
high-dose oral 3-adrenergic agents. This down-regulation phenomenon may also
explain the failure of (3-adrenergic tocolytics for the prophylactic treatment of
preterm labor [10—16]. If the diagnosis of recurrent preterm labor is made before
advanced cervical dilation (>3 cm), acute tocolysis is successful in 90% of cases
if a sequential approach is taken [44]. Patients in preterm labor with tocolytic
breakthrough from a 3-agonist should be treated with MgSO,. Because MgSO,
acts differently than the 3-adrenergic agents, a 3-adrenergic free period allows the
myometrial receptor sites to recover their sensitivity [13,16]. Patients who are
treated with a 3-adrenergic agent after a 3-adrenergic failure have less than a 25%
chance of success [44]. The minimum period for this drug holiday is 24 to
48 hours; once stable, the patient again can be considered a candidate for ambu-
latory tocolysis [6,16]. When stable, the patient can be restarted on terbutaline
pump therapy and discharged home, with such tocolytic therapy being generally
discontinued at 36 to 37 weeks.

Evidence from clinical studies using the subcutaneous terbutaline pump

Efficacy

In 1988, the authors described their initial experience using a microinfusion
pump to administer a low-dose basal rate and scheduled bolus doses of sub-
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cutaneous terbutaline on nine women with recurrent preterm labor [16]. Preg-
nancies were prolonged an average of 9.2 + 4.3 weeks in this population. In a
randomized fashion, they later reported on 69 patients who received either
continuous subcutaneous terbutaline or oral terbutaline, following stabilization
with intravenous tocolysis. In this study, those receiving subcutaneous terbutaline
had their pregnancies prolonged a mean of 8.6 weeks compared with a mean of
2.4 weeks in the oral terbutaline group [72].

Other investigators have also compared continuous subcutaneous terbuta-
line with oral terbutaline for ongoing tocolysis following recurrent preterm
labor. In a matched-study design, Allbert and coworkers [73] compared 32 pa-
tients who received subcutaneous terbutaline infusion with 32 patients who
received oral therapy. When singleton and multiple gestations were combined,
women achieved 72% of desired prolongation with oral therapy compared
with 86% desired prolongation among those receiving subcutaneous therapy
(P <.01). A descriptive analysis of 992 high-risk patients, including 206 twin preg-
nancies receiving continuous subcutaneous terbutaline infusion, also reported
by Allbert and coworkers [74], showed a mean pregnancy prolongation of 38 +
23 days.

Adkins and colleagues [75] reported on 51 patients with preterm labor
(including four with twins) who received subcutaneous terbutaline therapy after
stabilization with intravenous MgSO,. Subcutaneous administration of terbuta-
line was successful in 98% of patients, prolonging pregnancy a mean of 6.6
weeks. Mean gestational age at delivery was 37 weeks and the mean infant birth
weight was 3035 g with 85% of neonates weighing >2500 g. Only 22% of in-
fants went to the neonatal ICU, with a mean stay of 7 days. Three patients
reported adverse effects and had their bolus dosages decreased. No serious ad-
verse events were reported.

In 1998, Lam and colleagues [76] reported on the efficacy of subcutaneous
terbutaline infusion therapy in 256 singleton pregnancies with recurrent pre-
term labor while on oral terbutaline. Pregnancy prolongation was found to be
greater for subcutaneous versus oral administration of terbutaline (4.4 versus
2.7 weeks). The pregnancy prolongation index for subcutaneous therapy was
74% compared with 31% for oral therapy. In a similar fashion, Lam and col-
leagues [77] reported on 386 women with twin gestations in preterm labor who
were treated with oral terbutaline versus a like number who used subcutaneous
pump therapy. Those treated with parenteral therapy in the home gained
significantly more days in utero (34 £ 19.8 versus 19.3 £ 15.3 days) with a
higher pregnancy prolongation index (79% versus 33% P <.001). Patients gained
a mean of 53.4 = 21.4 days overall with a mean gestational age at delivery of
35.2 £ 1.9 weeks. These women gained 2.8 weeks with oral terbutaline and
4.9 weeks with subcutaneous terbutaline prescribed sequentially.

Elliot and Radin [78] reported on subcutaneous terbutaline infusion therapy
use in higher-order multiple gestations. Fifteen triplet and six quadruplet preg-
nancies were treated with individualized dosing protocols. Triplet patients re-
mained on infusion therapy for 58 days and delivered at a mean gestational age
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of 33 weeks. Quadruplet patients were on subcutaneous infusion therapy for
77 days and delivered at a mean gestational age of 33 weeks. Only 2 (13%) of
15 triplets and 1 (17%) of 6 quadruplets were delivered because of tocolytic
failure. No one in the study had subcutaneous terbutaline discontinued because
of side effects.

Angel and colleagues [79] described a clinical protocol where triplets and
quadruplet pregnancies underwent a transition to subcutaneous terbutaline after
intravenous MgSO, treatment for the first episode of preterm labor. Overall,
87% (20) of women with triplet gestations experienced preterm labor. The mean
gestational age at delivery for triplets was 32.3 + 0.5 weeks.

Elliot and colleagues [80] assessed the gestational gain in triplet pregnan-
cies treated with oral terbutaline followed by continuous subcutaneous ter-
butaline therapy. One hundred and four triplet pregnancies were studied. The
mean gestational age at enrollment was 22 + 2.7 weeks. The study showed
that these pregnancies were prolonged 52% longer (mean 5.4 + 3.4 versus
2.8 £ 2.2 weeks) when terbutaline was administered by continuous subcuta-
neous infusion compared with oral administration. Overall, patients gained a
mean of 8.2 * 3.1 weeks’ gestation with oral and subcutaneous terbutaline.
The mean gestational age at delivery was 33.2 + 2.2 weeks. The authors con-
cluded that in women with triplet gestation, greater pregnancy prolongation
was achieved with subcutaneous administration than with oral administration
of terbutaline.

Morrison and colleagues [81] compared 15 women with singleton pregnancies
and recurrent preterm labor at less than 32 weeks’ gestation and treated with
subcutaneous pump therapy with 45 matched control patients (3:1) treated with
no tocolytic therapy after hospitalization. Gestational age at delivery more than
37 weeks (53% versus 4%), percentage delivered at less than 32 weeks overall
(0% versus 47%), and pregnancy prolongation (49.8 + 19.2 days versus 24.5 +
12.8 days) were all significantly better in the study group. The total number of
maternal hospital days, duration of neonatal ICU stay, and the total cost for
newborn care favored the subcutaneous pump therapy patients. The authors
concluded from this small study that the use of subcutaneous pump therapy
significantly prolongs pregnancy, decreases serious neonatal complications, and
reduces the duration of hospitalization for both mother and infant, and neonatal
costs. When newborn hospital costs were considered, there was a much greater
expenditure among the control group subjects ($62,033 + $89,978) compared
with treated patients ($6995 + $14,822, P < .0002). Indeed, for every dollar
spent on subcutaneous pump therapy, there was a savings of $4.67 in newborn
hospital costs for control patients.

Not all studies have found improved efficacy with subcutaneous pump
therapy. Wenstrom and coworkers [82] enrolled 42 patients during a 4-year
period having the diagnosis of preterm labor to evaluate subcutaneous infusion
therapy. In this three-arm study, patients were randomized to receive either oral
terbutaline, subcutaneous terbutaline infusion, or subcutaneous saline infusion.
Subcutaneous drug therapy was not adjusted for patient weight or volume of
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distribution. Electronic home uterine contraction monitoring and daily nursing
care were not used. Terbutaline boluses were adjusted for patient-reported con-
tractions or on a rigid predetermined scale. Patients received a mean of 1.5 + 2.4
scheduled boluses per day in the terbutaline—subcutaneous infusion group, which
is considerably less than standard practice. All patients in the Wenstrom study
were administered a basal rate of 0.05 mg/h, which was not titrated to the level of
uterine irritability, as is customary. Patients were permitted to cross over between
treatment arms if initial therapy failed. This study parameter resulted in 25% of
the women initially enrolled in the placebo-saline group ultimately receiving
subcutaneous terbutaline but outcomes for patients were compared only with the
treatment group to which patients were originally assigned. Even with the un-
blinding of the assigned treatment group, the authors concluded that the three
interventions were equally efficacious.

Guinn and colleagues [83] reported on 52 women randomized to either
terbutaline or placebo by subcutaneous infusion. Patients did not receive daily
nursing contact or home uterine activity monitoring, as is generally prescribed in
obstetric practice for women receiving continuous subcutaneous terbutaline
infusion in the home setting. In one half of the participants, the cervix was 3 cm
or more dilated and at least 50% effaced at enrollment. Patients were enrolled at
a mean of 31 weeks and were not treated for recurrent preterm labor occurring at
or beyond 34 weeks, which made the hypothesized 6-week prolongation for
the treatment group unlikely. Tocolytic dosing was not individualized or titrated
to uterine activity, and the bolus schedule used in the study allowed a 7-hour
lapse during nighttime, a period during which most stronger contractions occur
[25,81]. Using this protocol, the authors reported only a 1-day difference in preg-
nancy prolongation between the group, with the subcutaneous terbutaline group
achieving a 28.8 £ 22 day prolongation.

It is apparent that monitoring uterine activity to adjust bolus terbutaline
therapy is fundamentally important. In the two negative studies, which en-
rolled a total of 94 women (<1% of all terbutaline pump patients reported),
several methodologic flaws were likely responsible for the lack of efficacy
compared with the other 37 studies in the literature [25]. First, in these stud-
ies uterine contraction monitoring and daily nursing contact were not used
in either group; the bolus therapy could not be tailored for the patient. Second,
pharmacy consultation was not used, so terbutaline doses were similar re-
gardless of the weight or volume of distribution of the patients [81]. Patients
in the control group of one study were switched to the terbutaline pump if
oral therapy failed, but they were kept in the original group assignment for
analysis [72]. In the other study [73], there was advanced cervical change
(>3 cm dilated or 50% effacement) more often in the pump group at the
start of the therapy. Overall, both studies had a high dropout rate (more
than one third) and were significantly underpowered (>300 patients in each
group were needed) [25,81]. It is important to use the subcutaneous pump
therapy appropriately if clinicians are to obtain effective results in prolong-
ing pregnancy.
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Table 1
Evidence-based medicine and continuous subcutaneous terbutaline infusion: review of efficacy literature
Quality of

Study Research design evidence N Population Comments

Lam et al [89] Observational cohort 11-2 1556 RPTL Inclusion criterion: tocolytic breakthrough in high-risk population
subset. Results: PTD rate was reduced from 5.18%—2.69% (P <.05)

Lam et al [16] Descriptive case series 111 9 RPTL Pregnancy prolongation 9.2 wk, mean GAD 39 wk.

Lam et al [72] Randomized controlled trial 1 68 CPTL Weeks of pregnancy prolongation and PPI were 8.6 (0.93) and
2.4 (0.34) in the pump versus oral groups, respectively.

Gianopoulos et al [90] Descriptive case series 111 31 RPTL Pregnancy prolongation 5.4 + 4.5 wk and 34.2 + 3.8 wk gestational
age at delivery.

Jones et al [91] Descriptive case series 11 50 RPTL Pregnancy prolongation 6.3 wk.

Fischer et al [92] Descriptive case series 1T 19 CPTL Safe and effective in the treatment of preterm labor.

Average GAD 35.6 wk.

McGettigan et al [93] Observational cohort 11-2 28 RPTL Average GAD 35.7 wk. Terbutaline pump prolongs tocolysis, reduces
terbutaline dose significantly (P <.001), reduces maternal side effects,
and may reduce the newborn’s total exposure to 3-mimetic dosage.

Wolfsen and Descriptive case series 111 9 Twins with 75% achieved >37 wk or mature lung indices on amniocentesis

Winn [110] advanced cervical
dilatation
Allbert et al [74] Descriptive case series 111 992 CPTL and RPTL Extended the gestation a mean of 38 + 23 d and average GAD
206 twins 36.3 + 2.6 wk.
786 singletons

Lindenbaum et al [94] Observational cohort 11-2 725 CPTL The incidence of gestational diabetes is not increased in patients
receiving terbutaline by the subcutaneous pump.

Moise et al [95] Descriptive case series 111 13 RPTL Average GAD 35.3 wk, pregnancy prolongation 5 wk.

10 singletons
2 triplets
1 twin
Weinbaum et al [96]  Descriptive case series I 202 CPTL Contractions were arrested and the mean gestational age at delivery

was 36.2 wk. Only 9.6% of the patients were readmitted to the
hospital.



Elliott et al [78]

Adkins et al [75]

Regenstein et al [49]

Allbert et al [73]
Perry et al [84]

Elliott et al [97]

Wenstrom et al [82]

Guinn et al [83]

Lam et al [76]

Observational case control
Descriptive case series
Observational case control
Observational cohort
Descriptive case series

Retrospective cohort

Randomized control trial

Randomized control trial

Observational cohort

1I-2 67
111 51
1I-2 151
1I-2 64
11T 8709
11-2 21
I 42
I 52
1I-2 256

CPTL
67 quadruplets
CPTL

CPTL
RPTL

CPTL

CPTL

15 triplets

6 quadruplets
CPTL

CPTL

RPTL

Mean GAD 32.5 wk. Mean infant birth weight 1534 + 429 g.

Average birth weight 3000 g. Average GAD 37 wk.

Pregnancy prolongation 6.6 wk.

No difference in the incidence of gestational diabetes or glucose
intolerance between subcutaneous and oral groups

PPI was 0.86 and 0.72 for the pump and oral group, respectively.
Continuous terbutaline infusion is associated with much fewer adverse
effects than previously reported literature on intravenous terbutaline or
ritodrine therapy suggest.

Estimated $18,150 savings per pregnancy. Only 2 (13%) of the

15 triplets and 1 (17%) of the 6 quadruplets delivered because of
tocolytic failure. Mean GAD 33 wk for both groups.

Three arm study: 15 terbutaline pump, 15 oral terbutaline, 12 saline
pump. Significant methodologic flaw in that patients crossed over
between groups while in study (patients on oral terbutaline or saline
pump were switched to terbutaline pump if therapy failed). No
electronic contraction monitoring or daily nursing contact. Tocolytic
therapy was not individualized for each patient. Study underpowered in
that it did not contain enough patients to show a difference between
groups. No difference in outcomes between groups.

Overall dropout rate 38%. Thirteen patients in the terbutaline group
completed this study and 19 patients in the placebo group. Advanced
median cervical dilatation of 3 cm, effacement of 50% at start.
Tocolytic therapy was not individualized for each patient. No
electronic contraction monitoring or daily nursing contact. Study was
underpowered and showed no difference in outcomes between groups.
Patients served as their own control. Subcutaneous terbutaline therapy
prolonged pregnancy greater than oral terbutaline 4.4 + 2.6 wk
compared with 2.7 + 2.2 wk.

(continued on next page)
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Quality of

Study Research design evidence N Population Comments

Berkus et al [98] Descriptive case series 111 7 CPTL Low-dose, continuous subcutaneous terbutaline infusion had no
effect on insulin sensitivity in nondiabetic patients, in contrast to
oral terbutaline.

Hammersley Descriptive case series 11T 70 RPTL Inclusion criterion: preterm labor or cervical shortening < 3 cm or 50%

et al [99] 52 singletons funneling. Mean cervical length 2.6 + 0.9 cm at initiation of therapy.

11 twins Seventy-six percent of desired pregnancy prolongation was achieved.
7 triplets

Lam et al [77] Observational cohort 1I-2 386 RPTL 34 £+ 19.8 versus 19.3 + 15.3 days in utero gained with subcutaneous
386 twins therapy compared with oral therapy.

Ambrose et al [100]  Observational case control  II-2 180 CPTL Outpatient-administered subcutaneous terbutaline shown to be a
76 twins cost-effective and viable alternative vs inpatient-administered

subcutaneous terbutaline.

Elliott et al [106] Observational case control — 1I-2 144 144 quadruplets Outpatient therapy cost $30,270 less per patient and is associated
with a statistically significant better chance of delivery >32 wk
than inpatient.

Elliott et al [80] Observational cohort 1I-2 104 RPTL Mean pregnancy prolongation on pump 5.4 + 3.4 wk versus 2.8 +

104 triplets 2.2 wk
for oral treatment.

Fleming et al Observational case control  1I-2 284 RPTL 37.3% of nifedipine patients delivered <35 wk compared with 19.7%
of subcutaneous terbutaline patients. Subcutaneous terbutaline patients
cost $6,945 less per pregnancy.

Lam et al [108] Observational case control  II-2 706 RPTL Total maternal and nursery charges were $17,109 less for patients

706 twins treated with subcutaneous terbutaline compared with oral treatment.

Elliott et al Descriptive case series I 9359 CPTL Extremely low incidence of serious adverse events. GAD was

7028 singletons  36.6 wk in the singletons, 34.9 wk in the twins, and 32.8 wk in the
1946 twins triplets. Authors conclude therapy a viable and safe option for

385 triplets

outpatient management.



Hamersley Descriptive case series
et al [107]
Viscarello et al [109]  Observational case control

Viscarello et al [101]  Observational case control

Jones et al [102] Descriptive case series
Morrison et al Observational case control
Lam et al [87] Observational case control

Roman A et al [103] Matched cohort
Gaziano E et al [104] Matched cohort

Rebarber A Matched cohort
et al [105]

11T

11-2

11-2

11T

11-2

11-2

1I-2
1I-2

1I-2

40

59

1691

60

558

260
1079

783

Twins with delayed- The median pregnancy prolongation achieved following delivery of the

interval delivery
CPTL

40 triplets
Higher order
multiples

56 triplets

3 quadruplets

RPTL

RPTL

RPTL

Twins in CPTL
CPTL

CPTL

first-born nonviable twin was 93 d.

Proactive dose acceleration protocol achieved significantly better
outcomes than standard dosing.

A comprehensive clinical pathway including subcutaneous terbutaline
proved significantly better outcome (35.1 + 1.6 versus 31.6 + 3.1 wk
GAD) compared with concurrent local standard of care. Of the

12 patients whose GAD was <32 wk, | received the comprehensive
clinical pathway including subcutaneous terbutaline, compared with
11 who received the concurrent local standard of care.

Over 57% of women experienced PTD within 1 week of DC of
subcutaneous terbutaline. Early discontinuation of subcutaneous
terbutaline places a pregnancy at risk for PTD.

Among patients with recurrent preterm labor, the use of subcutaneous
terbutaline infusion significantly prolongs pregnancy while decreasing
the likelihood of the rate of low birth weight (2500 g) infants, the
need for admission to NICU, and duration of being hospitalized. For
every dollar spent on subcutaneous terbutaline, there was a saving of
$4.67 on the charges of newborns’ stay in the hospital.

70.6% of subcutaneous therapy patients reached at least 36 wk
compared with 56.6% of oral therapy patients. Subcutaneous

therapy patients cost $5286 less.

>7 d prolongation of pregnancy in over 86% of cases.

Outpatients obtained statistically better antepartum days, pregnancy
prolongation, GAD, delivery <35 wk, and cost. Total average cost
outpatient was $17,375 vs $39,040 inpatient.

86% of patients had their pregnancy prolonged >7 d.

Abbreviations: CPTL, current preterm labor (an initial episode of preterm labor stabilized and subcutaneous terbutaline infusion started); GAD, gestational age at delivery;
PPI, pregnancy prolongation index; PTD, preterm delivery; RPTL, recurrent preterm labor (subcutaneous terbutaline infusion started at second occurrence of PTL

after stabilization).
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Safety

Perry and colleagues [84] found that subcutaneous terbutaline infusion for
women with stabilized preterm labor is associated with much fewer adverse
effects than previously reported (3-agonist therapy. In a review of 8709 women
receiving subcutaneous terbutaline infusion therapy for maintenance tocolysis,
cardiac events including chest pain, EKG changes, arrhythmias, and cardiac
arrest occurred with an incidence of 0.22%. Pulmonary edema developed in
0.32% of patients.

Elliott and colleagues [85] more recently reported on the incidence of sub-
cutaneous pump therapy—related adverse side effects. A total of 9359 patients
with singleton, twin, and triplet pregnancies were studied. Data were obtained
from the national network of Matria Health Care patient service centers. Transient
medication side effects were reported by 1447 (15.5%) patients. Severe adverse
events were identified in 12 patients either during treatment with subcutaneous
pump therapy (N=4) or following discontinuation of therapy (N=8). The most
frequent, serious side effect was pulmonary edema (N=9). There was no ma-
ternal mortality in this study, although mortality has been reported in women
receiving subcutaneous pump therapy. In one case reported in 1992 [86] a patient
pregnant with twins had been receiving subcutaneous pump therapy for 1 week
before reporting severe chest pain and shortness of breath. The death was
attributed to cardiac arrhythmia. Another woman died in the hospital from a
ruptured iliac artery aneurysm during treatment with intravenous MgSQO, after
subcutaneous pump therapy was discontinued. In the report by Elliott and
colleagues [85], the overall incidence of severe adverse events in women
receiving subcutaneous pump therapy was low and the therapy was generally
well tolerated. They recommended patients with comorbidity (ie, infection,
preeclampsia, cardiac conditions) or concomitant tocolysis with intravenous
MgSO, be closely assessed for development of serious events.

Costs

Lam and colleagues [87] also compared the clinical and cost effectiveness of
using continuous subcutaneous terbutaline versus oral tocolytics following
recurrent preterm labor. A total 558 women with singleton pregnancies were
studied (279 per group). The oral group had less gestational gain following
recurrent preterm labor than the subcutaneous pump therapy group (28.4 + 19.8
days versus 33.9 + 19 days, P<.001). The subcutaneous pump therapy group
had less per patient charges for antepartum hospitalization ($3986 + $6895
versus $5495 + $7131, P=.009) and nursery ($7143 + $20,048 versus $15,050
+ $32,648, P <.001). Outpatient charges were less for the oral group ($1390 +
$1152 versus $5520 + $3292, P< .001). Overall costs for those in the sub-
cutaneous pump therapy group were $5286 less per pregnancy compared with
the oral group. In this population, continuous subcutaneous terbutaline infusion
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Box 3. Essential components of the therapeutic program

—_

. Screen all patients for risk factors for preterm labor.

. Establish baseline cervical status at the first prenatal visit.

3. Enroll at-risk patients in preterm labor education programs
by 18 weeks’ gestation.

4. Avoid prophylactic tocolysis with oral B-adrenergic agents,
because this only leads to down-regulation of the B-receptors.

5. Advise bed rest and moderate hydration, if increased uterine
activity is present.

6. Hospitalize and treat aggressively with parenteral tocolytics,
if cervical change is documented. Do not wait for advanced
cervical dilation (>3 cm).

7. Rule out pathologic causes of preterm labor, such as infec-
tion, abruption, polyhydramnios, and congenital anomalies.

8. Use intravenous MgSQ,4 as the primary tocolytic agent of
choice, because it causes less maternal side effects and
does not down-regulate the B-receptors, which may later be
needed for long-term tocolysis.

9. Consider ambulatory tocolysis only after the patient has
been stabilized on parental tocolytics.

10. Respect contraindications to tocolytic use.

11. Select a tocolytic agent to maximize efficacy and minimize
toxicity on a patient-specific basis.

12. Titrate tocolytic dosage to end-organ effect (decrease of
uterine activity) rather than toxicity (tachycardia or other
side effects).

13. Monitor for signs of recurrent preterm labor.

14. Provide close nursing support.

15. Readmit patients with recurrent preterm labor for reinfusion
with intravenous MgSQ, tocolysis.

16. Use a sequential approach for tocolysis in recurrent pre-
term labor.

17. Allow a 24- to 48-hour intravenous MgSO,4 drug holiday
in patients who experience a B-adrenergic tocolytic break-
through.

18. Consider the terbutaline pump therapy for select patients:
recurrent preterm labor; twins and higher-order multiples;
intolerance of oral therapy; hospitalized patients stable on
parenteral MgSQO4; advanced cervical change (stable); re-
peated episodes of breakthrough; and rehospitalization with-
out advanced cervical change.

N
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19. Use uterine activity monitoring to adjust bolus terbutaline
therapy. Using the terbutaline pump without home uterine
activity monitoring is like using an insulin pump without
a glucometer.

20. Individualize tocolytic dosing. The patient’s weight and vol-
ume of distribution should be carefully considered.

was both a clinically beneficial and cost-effective treatment following recurrent
preterm labor.

It is estimated that subcutaneous pump therapy administered through the
programmable pump in an ambulatory setting has been used in tens of thou-
sands of pregnancies with excellent safety profiles and good outcome statistics
[82,83]. Of the 39 reports in the world’s literature, 37 demonstrate significant
prolongation of the pregnancy compared with oral or no maintenance therapy.
Pregnancy prolongation averaged 6.4 + 2.8 weeks, which was double that of
the control group, which only averaged 3.2 £ 6.6 weeks after treatment. These
composite results (Table 1) support the authors’ original findings [16,49,72—78,
80,82-84,87-110]. Most of these studies were in patients who were at very high
risk for preterm delivery, with nine having populations of recurrent preterm
labor and five involving multifetal gestations. Women with twin and higher-
order multiple pregnancies at significant risk for preterm delivery constitute

Box 4. Contraindications to use of B-adrenergic agents
Relative contraindications

Advanced cervical dilation (>5 cm)
Maternal cardiac disease

Maternal pulmonary disease
Hyperthyroidism

Uncontrolled diabetes mellitus
Fetal anomaly

Fetal growth restriction

Absolute contraindications

Placental abruption

Eclampsia or severe preeclampsia
Heavy bleeding from any cause
Chorioamnionitis

Fetal death

Lethal fetal anomaly
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a select group for whom this comprehensive model of management may be
most appropriate.

Therapeutic principles for preterm labor treatment

The early diagnosis of preterm labor and immediate intervention is the essen-
tial component in halting the preterm labor process. Box 3 presents the essential
components of the therapeutic program. This program is based on the authors’
experience and that of other authors [6,67,111]. Box 4 lists contraindications to
tocolytic use.

Summary

Of the numerous (-adrenergic medications used in the past 30 years,
terbutaline was one of the first and remains the most enduring and popular.
This widespread use can be attributed to physician confidence in terbutaline’s
efficacy, safety, and versatility in clinical practice. It is the only tocolytic agent
that can be administered by the oral route; subcutaneously (intermittent and
pump); and by intravenous infusion. Terbutaline is commonly used for acute and
maintenance tocolysis. It is also the medication of choice for rescue tocolysis
for uterine tetany in term labor and external cephalic version. Research efforts
on subcutaneous pump therapy have been particularly active and interesting,
yielding valuable new information on the roles of tachyphylaxis, LAHF,
circadian patterns of preterm labor, sequential tocolysis, patient individualized
therapy, and models for reducing cost of care. Current use of terbutaline involves
lower-dose therapy (subcutaneous pump therapy) and sequential use of medi-
cations that do not bind to the 3-adrenergic-receptor (MgSO,4, indomethacin, and
nifedipine.) It is clear, however, that tocolytics alone are by no means a panacea
for preventing preterm birth. Treatment success can be limited by adverse side
effects. Proper monitoring and surveillance of patients on terbutaline tocolysis is
warranted. Minor side effects are common; major side effects are rare and multi-
factorial. Particular attention should be given to patients with multifetal gestation,
underlying infection, fluid overload, and cardiopulmonary disease. Since
adoption of safety guidelines, the reported rates of adverse events have been
dramatically decreased. The armamentarium has been severely limited. Estab-
lished medications (ie, ritodrine) have been eliminated, and widely used medi-
cations (terbutaline, MgSQO,, and nifedipine) have not been granted regulatory
approval. Newly formulated tocolytic agents will not be available because phar-
maceutical companies do not want to bear the cost and risk of scale studies for the
low usage rate [88,112—114]. The ultimate goal of achieving a term delivery with
reduction in the incidence of low—birth weight infants will provide the greatest
contribution in improving perinatal outcome in the future. Toward this goal,
patients in preterm labor will often be willing to do anything to secure the health
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and well-being of their unborn children. It is the responsibility of physicians
to ensure that their willingness to sacrifice remains within the realm of reason
and safety.
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Preterm labor and delivery continues to be the most common problem in
obstetrics today and a major financial burden on the health care system. It has
been estimated that this problem costs $15.5 billion (2002) in neonatal cost alone
[1]. This estimate does not include the long-term medical conditions encountered
by many preterm infants. Consequently, physicians are faced with the respon-
sibility of identifying and implementing methods that can reduce the incidence
of preterm delivery and the associated health care costs.

Over the last 50 years, extensive research has been conducted with the
objective of preventing, predicting, and optimizing the outcome of patients with
preterm labor. Despite these exhaustive efforts, the incidence of preterm birth has
actually increased in recent years [2]. This unfavorable situation has had many
obstetricians and researchers concluding that preterm labor is a syndrome with
numerous etiologies that require unique treatment protocols [3]. A clear under-
standing of the fundamental causes coupled with optimal treatment protocols is
needed to reduce the incidence of preterm labor and delivery.

Currently, the therapeutic foundation for treating preterm labor involves the
use of tocolytics [4]. It is pertinent to point out that these drugs are used for
arresting preterm labor regardless of the specific etiology contributing to the
event. To date, the degree of success has been less than optimal despite the
availability and use of several different tocolytic agents with different modes of
action. The lack of successful treatment may well stem from the paucity of
information about the initiating factors that ultimately lead to preterm labor.
Labor results from a cascade of physiologic events. Consequently, to prevent
preterm labor successfully, the therapeutic approach should be to focus on the
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initial events of labor instead of attempting to inhibit the cascade of events
culminating in preterm labor.

Of the various drugs used to arrest preterm labor, magnesium sulfate has
emerged as the standard by which others are compared. This drug was first used
by Steer and Petrie [5] as a tocolytic and later refined by Elliott [6]. In the United
States, magnesium sulfate ranks as the tocolytic of choice by most obstetricians
and perinatologists [7]. Knowledge about the pharmacology, mechanism of ac-
tion, dosage, side effects, and the clinical efficacy of tocolytic agents should
enable clinicians to provide better care for patients. Precise information about
these factors, however, is often lacking.

Mechanism of action

Although magnesium sulfate has been used as a tocolytic since the early
1970s, information about its precise mechanism of action is still inadequate.
Although the exact method is unknown, it is generally believed that the major
action of magnesium sulfate relates to its inhibitory effect on calcium uptake and
distribution. It seems that magnesium inhibits smooth muscle contractions by
its direct effect on calcium activity. Magnesium modulates calcium uptake by
reducing calcium binding and distribution in the myometrium [8]. Elevated
magnesium levels inhibit calcium influx at cellular membranes by competing for
calcium binding sites [9]. High titers of magnesium also increase the level of
intracellular cyclic adenosine monophosphate and consequently reduce intra-
cellular calcium [10]. Considerable in-depth research is needed to understand the
mode of action of magnesium sulfate relative to preterm labor.

Pharmacology, dosage, and maternal complications

Serum levels between 5 and 8 ng/dL of magnesium are needed to attain
myometrium inhibition [11,12]. Because of its rapid glomerular filtration, mag-
nesium is excreted by the kidneys at a very high rate [13]: 75% of the drug is
excreted during the initial infusion and over 90% is cleared within 24 hours [14].
Consequently, patients with abnormal renal function must be monitored carefully
when magnesium sulfate is administered. Often, patients with renal impairment
only require the initial loading dose to maintain an appropriate level for an ex-
tended time period. Although the optimal loading or starting doses are unknown,
magnesium sulfate is usually administered intravenously with a loading dose
of 4 to 6 g over a period of 15 to 30 minutes followed by a monitored dose of 2 to
6 g per hour [15]. The drug is then titrated to levels of 5 to 8 ng/dL or until
adequate tocolysis is achieved. Some obstetricians contend that titration to clini-
cal success is sufficient (Box 1) [16].
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Box 1. Magnesium sulfate dosages

High: 6-g loading dose over 15-30 minutes followed by 2-6 g
an hour.

Low: 4-g loading dose over 15-30 minutes followed by 2 g
an hour.

Whether magnesium levels are checked every 4 to 6 hours or clinical effec-
tiveness is used as an end point, patients must be evaluated for evidence of drug
toxicity. Recognizing that, even though magnesium sulfate is the first-line agent,
several areas of concern exist because of its few serious adverse side effects.
Decreased or absent deep tendon reflexes represents an initial sign of toxicity.
This condition can be evaluated readily by a trained nurse and is usually noted
when the magnesium level exceeds 10 ng/dL. It is important to note that re-
spiratory depression has been reported when levels greater than 15 ng/dL have
been used. Myocardial depression has also been described at very high doses.
Most patients who receive magnesium sulfate exhibit minor adverse side effects,
such as a perception of being hot, flushy, and nauseous; vomiting; blurred or
double vision; and lethargy. These side effects usually become more tolerable as
the duration of drug exposure increases. Although rare, more serious side effects,
such as hypothermia [17,18], osteoporosis [19], rhabdomyolysis [20], and kidney
stones [21], have been described, magnesium sulfate is well tolerated and carries
only a fraction of the side effects found with the 3-mimetics [12,22]. For those
patients who exhibit toxicity to magnesium sulfate, 1 g of calcium gluconate can
be administered intravenously to reverse the side effects.

Contraindications to magnesium sulfate are uncommon. Myasthenia gravis is
an absolute contraindication, however, because these patients experience respi-
ratory arrest and require prolonged ventilator support when given magnesium
sulfate. Additional contraindications include cardiac disease; renal impairment;
and the concomitant use of a calcium channel blocker, which can cause profound
hypotension [23].

Although serious complications associated with magnesium sulfate therapy
are rare, they may be noted following errors in drug administration that occur
when an inadvertent large bolus of the drug is administered. It is imperative that
fluid balance be assessed during the period of drug administration because the
rate of pulmonary edema following magnesium sulfate therapy has been reported
as between 0% and 2% of cases [6]. The higher rates of pulmonary edema were
noted in conjunction with tocolytic therapy for multifetal pregnancies, the use of
several tocolytic agents, or their prolonged usage [24]. Although the etiology of
pulmonary edema is uncertain, its occurrence is associated with occult infec-
tions, fluid imbalance, increased pulmonary permeability, and changes in osmotic
pressure. The complications of pulmonary edema can be readily treated with
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Table 1

Reported maternal and fetal side effects following magnesium sulfate therapy

Maternal

Short term Long term Toxicity

Lethargy Osteoporosis Absent deep tendon reflexes
Nausea Tetany Respiratory depression
Vomiting Paralytic ileus Cardiac arrhythmia
Flushed Pulmonary edema Cardiac arrest

Hot feeling Hypothermia Death

Headaches Renal stones

Constipation Rhabdomyolysis

Dry mouth

Hypocalcemia

Fetal

Short term Long term

Decreased fetal movement Decalcification of bones

Absent fetal breathing

Decreased short-term variability of fetal heart
Altered uterine blood flow

Blunted fetal response

Neonatal

Short term High doses Low doses

Hypermagnesemia Neonatal death? Neuroprotective
Hypocalcemia

Lethargy

Depressed Apgars

Hypotonia

Decalcification of bones

furosemide. Even though magnesium sulfate is generally considered a relatively
safe drug, it must be monitored closely throughout its administration, as is the
case with all drugs (Table 1).

Fetal and neonatal effects

Magnesium sulfate also has several effects on the fetus and neonate. The drug
rapidly reaches a steady state between maternal and fetal components because it
readily crosses the placenta [13]. Although maternal and fetal serum and amniotic
fluid levels appear linearly correlated, prolonged therapy can lead to higher levels
in the fetus, which directly affects fetal urine output [25]. The primary neonatal
side effects of magnesium sulfate tocolysis are lethargy, hypotonicity, and low
Apgar scores [26]. These conditions are usually self-limiting and are resolved as
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the drug is systematically cleared after delivery. Antenatal side effects reported
include decreased variability of the fetal heart rate [27,28], altered cerebral blood
flow, and a depressed biophysical profile [27]. It should be noted that some
authors found no change in the biophysical profile with magnesium sulfate
tocolysis [29]. Additionally, prolonged usage (weeks or months) of magnesium
sulfate has been associated with demineralization of fetal bone [30-32].

Several recent studies have suggested that magnesium sulfate may have a
favorable neuroprotective effect on the neonate by lowering the incidence of
cerebral palsy [33-35]. intraventricular hemorrhage, and mortality [36-38]. A
prospective trial involving over 1000 preterm deliveries (before 30 weeks of
gestation) included patients exposed to either low-dose magnesium sulfate or
saline [39]. The results indicated that the frequencies of both cerebral palsy and
motor delay were lower in the magnesium sulfate group than in those patients
who received saline. Because this trial used a magnesium sulfate dosage lower
than that normally used for tocolysis, the data cannot be reasonably extrapolated
to different protocols. These promising results, however, do confirm previ-
ously published data [33,34,37,38]. Even though several studies have suggested
that high dosages of magnesium sulfate are associated with elevated neonatal
death rates [40,41], other reports have not confirmed this finding [38,42]. The
reports of several adverse fetal effects of magnesium sulfate should be compared
with the possible outcomes of not using magnesium sulfate. Without this drug,
a rapid preterm delivery might occur, which prevents full-dose corticosteroid
therapy and results in higher neonatal morbidity and mortality (see Table 1).

General clinical efficacy

Magnesium sulfate was introduced as an obstetric tocolytic agent by Steer and
Petrie [5]. In this classic study, patients were randomly assigned to receive
magnesium sulfate, ethanol, or a dextrose solution placebo. The data showed that
magnesium sulfate therapy arrested contractions for 24 hours in 77% of the
patients receiving magnesium sulfate compared with 45% and 44% in the ethanol
and dextrose groups, respectively. A subsequent statistical analysis of these data
showed that the proportion of patients in the magnesium sulfate group had a
significantly (P <.01) higher incidence of arrested contractions compared with
the other two groups. Although these preliminary data laid the groundwork for
the use of magnesium sulfate as a tocolytic, the outcome of the study by Steer and
Petrie [5] was compromised by the use of a relatively low dosage of magnesium
sulfate (4-g loading dose and 2 g per hour). Another descriptive study [43]
involved 85 patients who received magnesium sulfate and 107 patients who
received magnesium sulfate and oral isoxsuprine hydrochloride or terbutaline.
In this report, 119 patients had intact membranes, whereas 73 had ruptured
membranes. Successful tocolysis (delayed delivery by 48 hours) was achieved in
70.6% of patients with intact membranes and in 60.2% of patients with ruptured
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membranes. The authors concluded that magnesium sulfate was an effective
tocolytic with minimal side effects, although pointing out that its efficacy in
patients with ruptured membranes was controversial.

A retrospective study used data from 355 patients who received magnesium
sulfate as a tocolytic agent, and 274 patients (77.2%) had intact membranes with
cervical dilation ranging from 0 to more than 6 cm [6]. Delivery was delayed for
over 48 hours in 208 (76%) of these 274 patients. This incidence is similar to the
success rate of 77% found in a similar group of patients reported by Steer and
Petrie [5]. Recognizing that the study by Elliott [6] in 1983 included different
classifications of patients, such as singletons, twins, and those with intact or
ruptured membranes, it nevertheless set the stage for widespread acceptance of
magnesium sulfate as a tocolytic in the United States. Although a 1985 national
survey by Taslimi et al [44] revealed that over 70% of practicing obstetricians and
perinatologists used ritodrine as their primary tocolytic agent following the
results from these three trials, the use of ritodrine rapidly decreased over the next
decade (1980s) and magnesium sulfate became the primary tocolytic agent.

Magnesium sulfate versus placebo

Three studies comparing magnesium sulfate with placebo have been reported
in the literature. Steer and Petrie [5] compared the data from 31 patients who
received magnesium sulfate with 9 patients who received placebo. They found
that uterine quiescence for 24 hours was attained in 77% of those patients who
received magnesium sulfate versus 44% in the placebo group. Recognizing the
small number of control patients, an ad hoc analysis of their data did show a
statistically significant (P <.1) trend. These findings, however, seem compro-
mised because of the relatively low dosages of magnesium sulfate administered
(4-g loading dose followed by 2 g per hour maintenance dose). Cotton et al [45]
studied 69 patients between 26 and 34 weeks of gestation with intact or ruptured
membranes and used the same dose of magnesium sulfate as reported by Steer
and Petrie [5]. The patients were randomized to magnesium sulfate, terbutaline,
or placebo (5% dextrose in lactated Ringer’s solution) groups. The delays to
delivery times were similar between the 16 patients who received magnesium
sulfate and the 19 who received placebo. Another study [46] involved 156 pa-
tients with intact membranes between 24 and 34 weeks of gestation. Patients
were randomly assigned to receive either magnesium sulfate or normal saline.
The time duration to delivery was similar between the groups (26.6 days for
magnesium sulfate group and 22.4 days for placebo group).

Several points should be made about these three trials. First, the loading dose
of magnesium sulfate was only 4 g, which is lower than that recommended by
many clinicians. Second, excluding the study by Cox et al [46], which did allow
the drug dosage to be increased by 1 g an hour (maximum 3 g an hour) after
1 hour if contractions persisted, all patients were maintained on 2 g magnesium
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sulfate per hour after the loading dose was administered. Third, the study by
Cotton et al [45] seems confounded because the data from women with intact
membranes were combined with the data from patients with ruptured membranes.
Fourth, a power analysis was not performed before data collection to determine
the number of patients needed to achieve statistically significant differences.
Fifth, the sample size was small with a combined number of patients in these
three studies representing 123 patients who received magnesium sulfate and
118 who received a placebo. The results from these three studies influenced the
Cochrane database analysis by Crowther et al [47] to conclude that “no benefit
was seen for magnesium sulfate.” Nevertheless, the results from these three
studies represent the only reported placebo-controlled trials and further empha-
size the need for further research involving a large multicenter randomized trial.

Magnesium sulfate versus prostaglandin synthetase inhibitors

Many prospective randomized trials and retrospective analyses of data have
been conducted to compare the efficacy of magnesium sulfate with other tocolytic
agents, such as prostaglandin synthetase inhibitors, calcium channel blockers,
nitroglycerin, 3-mimetics, and various tocolytic combinations. Zuckerman et al
[48] first introduced indomethacin as a tocolytic in 1974. Morales and Madhav
[49] compared the effectiveness of magnesium sulfate relative to indomethacin
by randomly assigning 52 patients to the magnesium sulfate group and 49 to an
indomethacin group. Each patient had intact membranes and was less than
32 weeks of gestation. The results showed that the proportion of deliveries oc-
curring more than 48 hours after initiating treatment was 85% and 90% in the
magnesium sulfate and indomethacin groups, respectively. Also, the mean du-
ration of prolonging delivery was similar between the two groups: 22.7 days
for the magnesium sulfate group and 22.9 days for the indomethacin group. The
only advantage noted for indomethacin was a decrease in the incidence (15% for
magnesium sulfate and 0% for indomethacin) of adverse maternal side effects
that required discontinuation of the drug.

Schorr et al [50] performed a prospective randomized trial on patients less than
32 weeks with intact membranes who received either intravenous magnesium
sulfate or intramuscular ketorolac. The only difference noted was that the time
period required to obtain uterine quiescence was significantly (P <.05) shorter in
the ketorolac group (2.7 versus 6.2 hours). Adverse effects were not noted and
discontinuation of neither drug was needed. Recently, McWhorter et al [51]
compared the tocolytic efficacy of magnesium sulfate with rofecoxib (cyclo-
oxygenase-2 inhibitor). They studied 214 patients between 22 and 34 weeks of
gestation with intact membranes and found that delivery was similarly delayed
for 48 hours in 90.4% and 88% of the pregnancies treated with rofecoxib and
magnesium sulfate, respectively. A higher incidence of adverse side effects was
found, however, in the magnesium sulfate group.
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Magnesium sulfate versus calcium channel blockers

Results were found from two trials that compared magnesium sulfate with
calcium channel blockers. Glock and Morales [52] reported that the effects of
magnesium sulfate and oral nifedipine were similar in their ability to prevent
delivery for over 48 hours. The use of either tocolytic agent resulted in a success
rate exceeding 90%. Once patients successfully achieved tocolysis, the mag-
nesium sulfate patients were given oral terbutaline, whereas the nifedipine
patients had that medication continued. Four patients in the magnesium sulfate
group required discontinuation of the drug because of adverse side effects.
Another study by Larmon et al [53] compared intravenous magnesium sulfate
with oral nicardipine. The only difference noted was that uterine quiescence was
significantly (P <.01) more rapid in the 57 patients randomized to nicardipine
(3.3 hours) than in the 65 patients treated with magnesium sulfate (5.3 hours).
Similar to the report by Glock and Morales [52], adverse side effects were more
prevalent in the magnesium sulfate—treated patients. The times to delivery were
similar and no other differences were noted.

Magnesium sulfate versus nitroglycerin

Results from only one prospective randomized trial involving relatively
few patients were found. El-Sayed et al [54] reported that magnesium sulfate
was statistically (P <.05) more successful at arresting preterm labor (78.6% ver-
sus 37.5%) than was intravenous nitroglycerin. Although a higher proportion
(25%) of patients who received nitroglycerin developed hypotension, the over-
all incidence of relatively minor adverse side effects was higher in the mag-
nesium sulfate group. Only one patient in each group required the therapy to
be discontinued.

Magnesium sulfate versus 3-mimetics

A relatively large amount of comparative data exists for these two types of
tocolytics. When magnesium sulfate was first introduced as a tocolytic agent,
ritodrine was the most commonly used tocolytic agent and the only drug ap-
proved by the United States Food and Drug Administration for arresting preterm
labor. Two separate studies [45,55] compared intravenous terbutaline with low-
dose intravenous magnesium sulfate (4 g loading dose and 2 g per hour). Each
study reported similar outcomes between the two groups. Conversely, a pro-
spective study by Chau et al [56] randomly allocated 98 patients to either one of
four groups: (1) subcutaneous terbutaline, (2) oral terbutaline, (3) intravenous
magnesium sulfate, or (4) oral magnesium sulfate. They found no differences
in the number of patients who delivered in less than 48 hours between the
magnesium sulfate and terbutaline groups (10.9% and 21.2%, respectively). Ad-
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ditionally, the magnesium sulfate groups had a significantly higher (P <.05)
proportion of term deliveries (>37 weeks of gestation) than did the patients who
received terbutaline (73.9% and 51.9%, respectively).

When Wilkins et al [57] compared the efficacy of ritodrine with magnesium
sulfate in a prospective randomized trial comprising 120 patients in preterm labor,
both drugs were found to provide excellent results in preventing preterm delivery
for greater than 48 hours (96.3% for ritodrine and 92.3% for magnesium sulfate).
More serious side effects were found, however, in the ritodrine group. The
protocol called for adding the other drug if the first tocolytic was unsuccessful;
additional drug therapy was required in 13 cases. The combination therapy re-
sulted in 77% of patients experiencing side effects and was deemed not beneficial
over single-agent therapy. A 1985 study designed to evaluate secondary treatment
for initial tocolytic drug failures randomized 176 patients to intravenous mag-
nesium sulfate, ritodrine, or terbutaline [58]. The authors concluded that each of
these three drugs produced similar effects, although intravenous administration
of terbutaline had considerably more unfavorable side effects. When evaluating
the results from studies comparing the merits of magnesium sulfate and intra-
venous (-mimetics for delaying labor for periods greater than 48 hours, the
conclusion is reached that there was not a clinically significant difference
between the two drugs. Although patients who received magnesium sulfate had
more side effects, those side effects were less serious than in the patients who
received intravenous ritodrine or intravenous terbutaline.

Combination tocolytic therapy

Several investigators have evaluated the effectiveness of magnesium sulfate
in combination with another drug. When Hatjis [59] treated 65 idiopathic preterm
labor patients with ritodrine, 30 patients were unresponsive. Those 30 patients
were then given intravenous magnesium sulfate with successful tocolysis in
18 (60%) of the initially unresponsive patients. The authors concluded that mag-
nesium sulfate may improve pregnancy outcome in patients who did not initially
respond to ritodrine treatment. Later, Hatjis et al [60] randomly assigned preterm
labor patients to a ritodrine group and others to a cohort that received both
ritodrine and magnesium sulfate. The authors concluded that combination therapy
was superior based on the finding that those patients receiving combination
therapy had a significantly (P <.05) higher success rate (59% versus 34% P <.05)
than those who only received ritodrine.

Ogburn et al [61] studied the outcome of 23 patients who were initially
unresponsive to single-agent tocolysis when subsequently given magnesium
sulfate and ritodrine or terbutaline. Although 61% (14 of 23) of the patients
who received combination therapy delayed delivery for 48 hours or more, 22%
(5 of 23) developed pulmonary edema. Coleman [62] found that 95 preterm labor
patients managed with magnesium sulfate and ritodrine had a complication
rate of 21%, which necessitated cessation of tocolysis. Nevertheless, the author
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concluded that combination therapy was efficacious. Kosasa et al [63] reported
the results from 1000 patients who were treated with combination intravenous
magnesium sulfate and terbutaline. The patients were treated with both drugs
continuously from the diagnosis of preterm labor until delivery. The 751 patients
with intact membranes had an average delay in delivery of 61 days, whereas the
249 patients with ruptured membranes delayed delivery by 21 days. Complica-
tions of the therapy were noted in 56% of patients with intact membranes and
in 41% of patients with ruptured membranes.

Lewis et al [64] compared the efficacy of magnesium sulfate alone with
the combination of magnesium sulfate and indomethacin in patients who had
idiopathic preterm labor with advanced cervical dilation (3 cm or greater). The
21 patients treated with combination therapy had a significantly (P <.001) longer
average delay in delivery (15.4 versus 2.9 days P <.001). Adverse side effects
were not found in either group. The authors concluded that combination tocolysis
with magnesium sulfate and indomethacin seemed to be safe and effective in
patients with advanced cervical dilation.

Clinical efficacy

Although several of the studies reported similarities in the duration of preg-
nancy when a magnesium sulfate treatment group was compared with a placebo
control group, the obvious question arises, “Why has this drug become the first
line of therapy for idiopathic preterm labor”? To address this question, exami-
nation of the experimental design used in these reports is necessary. All of the
patients in these trials were initially loaded with only 4 g of magnesium sulfate,
and most were maintained on 2 g for 1 hour. Even though Cox et al [46] allowed
the dosage of magnesium sulfate to be increased to 3 g per hour, none of the
published studies showed that the drug was titrated until a successful cessation of
uterine contraction was evident. Such titration of drugs is currently the common
practice among obstetricians. Nevertheless, the results from the literature lead
one to conclude that achieving adequate tocolysis with magnesium sulfate is
questionable [47].

To evaluate the tocolytic effectiveness of magnesium sulfate judiciously,
however, the published results in which the tocolytic effects of nonsteroidal
compounds are compared with those of magnesium sulfate should also be con-
sidered. Several comprehensive evaluations have concluded that nonsteroidal
compounds are the only drugs documented to inhibit preterm labor. The results
from three prospective randomized trials [49,51,52] have shown, however, that
the tocolytic response from nonsteroidal compounds is as efficacious as that
found with magnesium sulfate. It should be noted that the treatment protocol
used in each of these three trials called for aggressive tocolysis (6-g loading dose
of magnesium sulfate and maintenance doses of 2 g up to 6 g per hour) to achieve
favorable labor quiescence. Adherence to the adequate loading and maintenance
magnesium sulfate dosages and the duration of treatment seem necessary for
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successful tocolytic outcomes. A successful delay in delivery was achieved in
over 85% of the studies using higher dosages of magnesium sulfate as compared
with considerably lower success rates when decreased dosages of magnesium
sulfate were used.

The clinical data have shown that low-dose magnesium sulfate is not very
effective at preventing preterm delivery. Aggressive magnesium sulfate therapy
has a success rate of 85% or greater at 48 hours, however, which then allows
sufficient time for administering corticosteroids. A cautionary note is that com-
bining magnesium sulfate with other tocolytics markedly increases maternal side
effects and must be done cautiously.

An analysis was performed of the clinical trials available (Table 2). The trials
were broken into three groups based on the dosage of magnesium sulfate used:
(1) low-dose magnesium sulfate (4-g loading dose and 2 g an hour constant
infusion); (2) medium-dose magnesium sulfate (4-g loading dose and >2 g an
hour constant infusion); or (3) high-dose magnesium sulfate (6-g loading dose
and >2 g an hour constant infusion. Evaluating the trials in this manner revealed
174 patients received low-dose treatment, 462 patients received medium-dose

Table 2
Dosage of magnesium sulfate and success of tocolysis at 48 hours

Low dose (4-g load and 2 g an hour)

No. % success
Spisso et al [43] 119 64
Cotton et al [45] 10 70.6
Miller et al [55] 14 60
Steer and Petrie [5] 31 77.0

174 70.7%
Medium dose (4-g load and >2 g an hour)

No. % success
Chau et al [56] 46 95.7
Wilkins et al [57] 66 92.3
Cox et al [46] 76 70
Elliott [6] 274 76

462 79.2¢
High dose (6-g load and >2 g an hour)

No. % success
Morales and Madhav [49] 52 85
Schorr et al [50] 43 84
McWhorter et al [51] 109 88
Glock and Morales [52] 41 93
Larmon et al [53] 65 94

310 88.7%

? The differences in the proportion of successful outcomes among the three dosage groups were
statistically significant (P <.01, chi-square).
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treatment, and 310 patients received high-dose treatment. Success was defined as
the ability to prevent delivery for 48 hours. Success rates improved as the dosage
of magnesium sulfate increased (70.7% low-dose, 79.2% medium-dose, and
88.7% high-dose magnesium sulfate). This information suggests that high dos-
ages of magnesium sulfate should become the standard if the goal is the pre-
vention of preterm delivery for at least 48 hours.

Terrone et al [65] randomized patients after they received a loading dose of 4 g
of magnesium sulfate. The patients then received either 2 g an hour constant
infusion (low dose) or 5 g an hour constant infusion. The dosage was then
adjusted by 1-g increments an hour to achieve tocolysis. The higher infusion rate
took less time to achieve uterine quiescence and had a lower rate of treat-
ment failures. These data suggest that aggressive management is important for
achieving successful tocolysis.

Special clinical situations

Several clinical situations require consideration. Do cervical alterations after
initiation of magnesium sulfate influence the prognosis? Data by Lewis et al [66]
addressed this question. They assigned 126 patients to one of three groups:
(1) those whose cervix changed after initiation of tocolysis (24 patients); (2) those
whose cervix regressed (44 patients); and (3) those whose cervix remained
unchanged (58 patients). Patients who had cervical progression after starting
tocolysis had a shorter delay to delivery, delivered at an earlier gestational age,
and were less likely to progress to term than the other two groups. Patients with
cervical progression represent a group whose short-term goal includes the admin-
istration of corticosteroids.

Another question resides around the benefits of oral magnesium after suc-
cessful intravenous magnesium sulfate tocolysis. Preliminary work by Martin
et al [67] seems promising. These investigators also performed a prospective trial
in which 54 patients were randomized to either 1 g of orally administered mag-
nesium gluconate every 6 hours or to a placebo group [68]. No difference in the
rate of preterm delivery was noted between the two groups and suggested, as do
other data involving oral terbutaline, that oral magnesium gluconate does not
prolong pregnancy in a high-risk group.

Should tocolysis be attempted after ruptured membranes? Results [69,70]
demonstrated that high maternal complication rates may ensue and little bene-
fit may occur if such a protocol was attempted. Conversely, more recent data
indicate that tocolytic therapy following ruptured membranes seems beneficial
[71,72]. The use of antibiotics in treating preterm premature rupture of the
membranes has been found to prolong pregnancy. Presently, a large prospective
trial is needed to determine the benefit of this therapy. Until such data are ob-
tained, no standard can be reasonably established: some authorities advocate its
use, whereas others find no benefit [70].
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Is long-term therapy (treatment from diagnosis of preterm labor to delivery)
more beneficial than short-term acute tocolysis? Several trials have described the
results obtained from long-term use of intravenous magnesium sulfate [63,73,74].
One study compared the tocolytic effects of short- versus long-term therapies [73]
and reported fewer neonatal complications following long-term treatment. Wide-
spread acceptance of long-term therapy has not occurred, however, and several
neonatal side effects have been ascribed to its use [75]. Currently, it seems that
prospective trials are needed to obtain data in which long- and sort-term therapy
protocols are compared.

Is weaning the drug necessary? A common medical practice is to slowly
discontinue magnesium sulfate instead of abruptly stopping the drug. Lewis et al
[76] completed a prospective randomized study to address this important ques-
tion. A total of 141 patients were randomized to either slowly discontinuing mag-
nesium sulfate therapy (72 patients) or abruptly stopping the drug (69 patients).
The group whose treatment was gradually discontinued had a higher incidence of
retocolysis with no apparent benefit in outcome. These results were probably
influenced by the rapid clearance of the drug by the kidneys, which were no
doubt responsible for the physiologic weaning. Consequently, the practice of
weaning the drug does not seem to be beneficial.

Summary

Magnesium sulfate has become the first-line tocolytic for short-term use to
arrest idiopathic preterm labor. The reasons for its acceptance include familiarity
of the drug, ease of use, and the virtual absence of serious maternal and fetal side
effects. Sufficient data exist showing its efficacy if used in higher doses (6-g load
and 2-6 g per hour to achieve uterine quiescence). These findings place mag-
nesium sulfate in the same category as other drugs, such as nonsteroidals, where
success rates greater than 85% are common.

Side effects occur with any drug including magnesium sulfate. Most of the
unfavorable maternal side effects are relatively mild and rarely require discon-
tinuation of the drug. It is imperative to monitor patients who are given mag-
nesium sulfate to prevent serious complications. Several benefits are associated
with magnesium sulfate therapy including the ability to administer cortico-
steroids, the prolongation of pregnancy, and possibly preventing long-term neu-
rologic sequelae in the newborn. It seems ironic that a drug used this frequently
has not been studied more thoroughly. Currently, very few clinical research trials
are being undertaken and the most efficacious use and success rate of magne-
sium sulfate remain unknown. Attention to treating preterm labor has shifted to
seeking answers about the fundamental causes. Gathering information about
the specific causes and designing tailor-made treatment protocols for each of
the numerous potential causes seems essential. To accomplish this, scientifically
sound research is needed to obtain answers about the important clinical questions
surrounding magnesium sulfate.
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Despite continued efforts aimed at preterm birth prevention, as many as 12%
of all deliveries in the United States are preterm. Even more staggering is the
fact that prematurity in and of itself accounts for more than 85% of all the peri-
natal morbidity and mortality [1,2]. Unfortunately, additional evidence indicates
that the incidence of preterm birth is on a steady upward trend as demonstrated
by the fact that from 1992 to 2002 the rate increased from 10.2% to 12.1% [3].
Stated in economic terms, the direct and indirect costs for the sequelae of preterm
birth have been estimated between $6 to $10 billon dollars annually.

Preterm birth should more appropriately be classified as a syndrome because
of the complex, multifactorial nature of this disorder [4]. The primary inter-
vention for preterm labor remains tocolytic therapy aimed at prolongation of
gestation with the primary focus of allowing sufficient time for administration
of antenatal corticosteroids. In arresting preterm labor, many tocolytics with
varying mechanisms of action have been used. One of the most efficacious
tocolytic therapies used to date is indomethacin, an antiprostaglandin drug. This
article reviews the evidence for antiprostaglandin agents as tocolytic therapy,
providing practitioners with guidelines for clinical use.

Antiprostaglandin drugs: mechanism of action

Antiprostaglandin agents arrest labor through the inhibition of the enzyme
prostaglandin synthetase or cyclooxygenase (COX). This enzyme is responsi-
ble for the conversion of arachidonic acid to an intermediate endoperoxide and
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finally resulting in the formation of a prostaglandin. Prostaglandins are 20-carbon
fatty acid chains that function as hormones and are produced constitutively in
most cells of the body. The biologically active forms are derived from arachi-
donic acid, which is a common component of most cellular membranes. The
initial step in the formation of prostaglandins involves the liberation of arachi-
donic acid by phospholipases from the phospholipid bi-layer of the cell mem-
brane. Next, arachidonic acid is reduced by COX to form an unstable
intermediate endoperoxide (prostaglandin G,). This unstable intermediate is then
converted to prostacyclin, thromboxane, or prostaglandins E, or F,. Given that
prostaglandins E, or F,, are involved in preterm labor and parturition (preterm or
term), the inhibition of their synthesis is an appropriate pharmacologic target in
the reduction of preterm deliveries [5]. Antiprostaglandin drugs act by inhibiting
COX activity and thereby blocking the conversion of arachidonic acid to pros-
taglandin precursors (Fig. 1).

Normal parturition has been described to occur in four distinct, hormonally
modulated phases: (1) functional quiescence, (2) activation, (3) stimulation, and
(4) involution [6]. Quiescence represents the baseline resting uterine tone found
in a normal pregnancy before onset of labor. Less is understood about the
mechanisms that transform this quiescent tone into the activation phase of par-
turition. Activation represents the priming of the uterus to enter the stimulation
phase of labor where coordinated myometrial activity occurs and leads to phasic
uterine contractions and delivery. Involution follows the delivery of the fetus
and returns the uterus to its prepregnancy state. Mechanisms behind parturition
have been studied and explained in animal models but none of these have been
extrapolated to fully understand human parturition. Prostaglandins have been
identified as key components in the process of both normal and preterm labor.
First, prostaglandins are facilitators of myometrial contractions by increases in
calcium within myometrial cells leading to increased activity of myosin light
chain kinase, a protein directly tied to myometrial contraction. This initial activ-
ity of prostaglandins leads to increased myometrial activity in the form of iso-
lated cellular contractions that ultimately must become coordinated such that a
sufficient combined force is developed effectively to initiate cervical change.
Prostaglandins also play an important role in the coordination of contraction

Phospholipids }—)’ Arachidonic Acid ‘—)‘ Prostaglandin G2

Phospholipases Cyclooxygenase [somerase
Thromboxane Prostacyclin
(Vasoconstrict) (Vasodilate)

Prostaglandin
Ez and an
(Uterine contraction)

Fig. 1. Prostaglandin production.



ANTIPROSTAGLANDIN DRUGS 503

efforts by increasing the number of gap junctions between individual myometrial
cells leading to organized synchronous activity with a propulsive force [7].
Finally, prostaglandins are vital in the production of collagenases and proteases
that promote ripening of the cervix [8].

Given the many roles of prostaglandins in creating conditions favorable
for activation and stimulation of labor, it is readily apparent that an effective
target for the prevention of preterm labor should include a focus of the inhibition
of prostaglandin production. An ideal tocolytic therapy would target the
prostaglandin-mediated mechanism of labor activation while not interfering with
fetal development or causing undue maternal symptomatology. Additionally, it
has been well studied that there are many factors that influence the endogenous
formation of prostaglandins in the human body. Maternal or fetal stress, through
activation of the maternal-fetal adrenal axis, is recognized to increase prosta-
glandin production through both corticotrophin-releasing hormone and placen-
tally produced estrogens [5,9]. Further, investigators have demonstrated that
myometrial stretching also augments prostaglandin formation through increased
COX activity [10]. Finally, a hereditary deficiency of prostaglandin dehydroge-
nase, an enzyme involved in the metabolism of prostaglandins, may result in a
basal elevation of prostaglandins in certain individuals and lead to idiopathic
premature labor [6].

As this evidence suggests, prostaglandins may be the single most significant
factor in the promotion of preterm labor. This realization led to interest in the
use of such nonsteroidal anti-inflammatory drugs (NSAIDs) in blocking the
production of prostaglandins. In 1971, Vane [11] first reported that aspirin and
indomethacin block the production of prostaglandins E, and F,.,. Given this
novel pharmacologic therapy and the recognition of prostaglandin influence
over labor, an immediate interest was spawned investigating indomethacin and
its use in inhibiting COX to arrest preterm labor.

Cyclooxygenase specificity

There are two recognized COX enzymes, simply identified as COX-1 and
COX-2 enzymes. Both of these enzymes are directly responsible for the for-
mation of the intermediate prostaglandin G,. These enzymes are very similar in
their primary amino acid sequence, sharing approximately 65% identity [12].
COX-2 differs by the addition of 18 amino acids on the C-terminal end, however,
which is thought to mediate the binding of the enzyme to the endoplasmic
reticulum and may predispose the enzyme to rapid degradation [13,14]. The x-ray
crystallography structures of the two COX enzyme isoforms are nearly identical
except for a critical amino acid exchange in a side binding pocket. Using this
alteration between the COX enzymes, pharmacologists have exploited the single
exchange to guide development of COX-2—specific NSAIDS. A number of
pharmacologic agents have been developed to access selectively the binding site
on COX-2 and inhibit its action. As expected, however, these agents do exhibit
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cross-reactivity between the COX isotypes and may differ in their relative
potential selectively to target the inhibition of COX-2.

Selective expression of cyclooxygenase isotypes

The best known difference in the COX isotypes lies in their differential ex-
pression in different cell types. COX-1 is known to be expressed in most if not
all cell types. COX-2 is found in varying levels among different tissues, however,
and is usually expressed in response to the production and release of cytokines,
growth factors, or various promoters. It has been well described that the expres-
sion of COX-1 is constant throughout gestation, whereas COX-2 expression in-
creases significantly as the pregnancy progresses. Specifically, COX-2 mRNA is
100-fold higher than COX-1 mRNA at term and further doubles with onset of
labor suggesting a potential role on COX-2 in normal parturition.

Numerous NSAIDS have entered the market in the past four decades includ-
ing aspirin, ibuprofen, indomethacin, celecoxib, and rofecoxib. The latter two
of these drugs are recognized as COX-2 selective. Given the widespread use of
these medications, a host of data is available on the safety and efficacy of these
drugs in treating pain and many disease processes. The selection of certain drugs
may prove beneficial because of the differing pharmacologic properties of each
of these drugs. The most investigated of these in preterm labor is indomethacin,
where a host of data on safety and efficacy for tocolysis exists.

Pharmacokinetics of indomethacin

Indomethacin, probably the most commonly used tocolytic in this class,
has been evaluated extensively to determine the pharmacology and pharmaco-
kinetics in both the mother and fetus. Indomethacin acts by nonspecific inhibition
of both of the COX-1 and COX-2 enzymes, which are essential for the
conversion of arachidonic acid and fatty acids into prostaglandin endoperoxides.
This inhibition is readily reversible once serum drug levels decline after dis-
continuation of therapy. The role of prostaglandins in the initiation and main-
tenance of human labor has been previously presented in detail. In brief,
prostaglandins stimulate the influx of calcium ions into the uterine smooth
muscle cell. Calcium then facilitates the interaction of the myosin-actin complex
resulting in myocyte contraction. Additionally, prostaglandins enhance the
development of gap junctions within the myometrium that coordinate myometrial
activity allowing synchronized contractions. The ability of indomethacin to
suppress the production of prostaglandins is the basis of its ability to inhibit
preterm labor. Prostaglandins, however, have many additional functions in
maintaining the normal physiology of the fetus and newborn including potent
vasodilatory and vasoconstrictive effects, which are particularly important for the
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preservation of adequate blood flow through the developing fetal circulation
[15,16]. Animal studies also indicate that prostaglandins inhibit the effect of
antidiuretic hormone on the collecting duct of the fetal kidney [17]. Suppression
of circulating prostaglandins from tocolysis with indomethacin may lead not only
to cessation of uterine activity, but also may result in vasoconstriction and
reduction in the effective blood flow to various fetal organs. This vasocon-
striction is reversible after cessation of short-term use of the medication, but
prolonged exposure to indomethacin may result in persistent changes in the fetal
ductus arteriosus and the developing fetal cerebral and mesenteric circulations.
These changes may potentially place the preterm neonate at increased risk for
intraventricular hemorrhage (IVH) or bowel ischemia. Furthermore, prolonged
suppression of endogenous prostaglandins may cause a decrease in the pro-
duction of fetal urine and ultimately lead to oligohydramnios. Short courses of
indomethacin therapy defined as less than 72 hours do not seem to promote such
clinical risks [18,19].

Indomethacin can be administered by oral, rectal, or vaginal routes. Depend-
ing on the route of administration, peak maternal plasma concentrations are
achieved within 2 hours after dosing with a mean half-life in the maternal serum
of approximately 4.5 hours [20]. Most of the drug is metabolized by the liver
but 20% to 30% is excreted in the urine unchanged. Indomethacin readily crosses
the placenta with fetal umbilical artery serum concentrations equilibrating with
the maternal serum levels within 5 hours of dosing [21]. The half-life in preterm
neonates is approximately five times longer than that seen in the adult. The
persistence of indomethacin in the serum of the fetus for a prolonged period
following cessation of therapy is likely caused by the immature fetal livers
ability to conjugate the active drug. Given this rapid diffusion to the fetus in
concentrations equal to that in maternal serum, one must consider the drugs
effect on fetal development and consequences from drug exposure. Most reports
have used a 50- to 100-mg loading dose usually by rectal suppository, followed
by 25 mg orally every 6 to 8 hours. Identifying the lowest effective dose is
important to decrease the risk of associated side effects. The drug is contra-
indicated in those patients with a history of peptic ulcer disease, kidney or liver
disease, hematologic abnormalities, or those with a hypersensitivity to NSAIDs.
Indomethacin also has antipyretic properties; use in the setting of suspected
chorioamnionitis should be cautioned because of the potential for masking a
rise in maternal temperature from subclinical infection.

Indomethacin efficacy as a tocolytic

The tocolytic efficacy of indomethacin has generally been acknowledged
despite the lack of large randomized trials. Several studies have compared indo-
methacin with placebo for the treatment of preterm labor. All the trials were
limited by small sample sizes, and by the use of rescue tocolysis in those patients
considered to be tocolytic failures [22,23]. Niebyl and colleagues [22] designed
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the first prospective randomized, double blind, placebo-controlled trial of indo-
methacin for preterm labor tocolysis. Thirty patients were enrolled and equally
randomized based on entry criteria that required cervical change during obser-
vation or a cervix at least 2 cm dilated with contractions measured by external
tocodynamometry less than 5 minutes apart. Patients were excluded if their
cervix was 4 cm or more at enrollment. These investigators demonstrated that
patients treated for 24 hours with indomethacin had significantly fewer deliveries
within 48 hours of treatment compared with the placebo group. Success was
short-lived, however, because no difference in the overall delivery rate was
detected after 48 hours. Zuckerman and colleagues [23] reported slightly better
success in delaying preterm delivery in a group of patients treated for 24 hours
with indomethacin. Patients in the treatment group had fewer deliveries within
1 week of treatment compared with placebo controls.

Panter and colleagues [24] performed a randomized controlled trial of indo-
methacin versus placebo that enrolled 34 patients for the cessation of preterm
labor. Despite the fact that only 3 of 16 patients in the indomethacin arm
delivered within 48 hours compared with 8 of 18 patients in the placebo arm,
this difference because of the limited sample size was not considered to be sta-
tistically significant. Finally, a systematic review combining these three trials for
improved statistical power was performed [25]. In this analysis the investigators
successfully were able to demonstrate a significant reduction in the number of
patients delivering within 48 hours in the group treated with indomethacin.
Ultimately, however, investigators were unable to demonstrate a difference in
neonatal outcomes between the treatment and control groups. Interpreting the
efficacy of tocolytic agents in preterm labor trials is difficult because of the
heterogenous definitions used to describe success. Prolonging pregnancy for at
least 48 hours may allow for the benefit of corticosteroid administration; how-
ever, if neonatal outcomes are unchanged then success is difficult to claim.

Other trials have reported similar efficacy and fewer maternal side effects
when comparing indomethacin with betamimetics [26,27]. Ultimately, despite the
prolongation of gestation and cessation of preterm labor, these investigations too
were unable to demonstrate a neonatal benefit following tocolysis. These trials
were also limited by small sample sizes that were inadequate to assess neonatal
outcomes. Recognizing these limitations, several investigators have evaluated
the efficacy of indomethacin compared with other tocolytic agents by performing
two separate systematic reviews of available randomized controlled trials. Keirse
[28] established that indomethacin was successful at reducing delivery within
48 hours and before 37 weeks, and decreasing the frequency of low—birth
weight births. These authors were unable to demonstrate a significant reduction
in the frequencies of respiratory distress syndrome and fetal or neonatal death.
Similarly, Gyetvai and colleagues [29] reported that indomethacin reduced
delivery within 48 hours, reduced delivery within 7 days, and reduced deliveries
before 37 weeks’ gestation. Compared with betamimetics, magnesium sulfate,
atosiban, and ethanol, indomethacin proved superior in tocolytic efficacy without
an increase in neonatal or maternal morbidity or mortality.
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Fetal and neonatal complications associated with indomethacin

Tocolytic therapy with indomethacin has been associated with several poten-
tially significant fetal and neonatal complications in a number of reports (Box 1).
Most of these cited complications were associated with prolonged administration
with little or no fetal surveillance. The most widely reported complication as-
sociated with antenatal exposure to indomethacin is constriction of fetal ductus
arteriosus. This association was suspected because of the ability of indomethacin
to close the persistently patent ductus arteriosus in the newborn period. Animal
studies have specifically identified COX-1-dependent prostaglandins as the pre-
dominant mediators of ductal patency in utero [30]. Because of its nonselective
nature, indomethacin inhibits both COX-1 and COX-2 enzymes. A few early
investigations reported isolated cases of primary pulmonary hypertension in
the newborn after prolonged in utero exposure to indomethacin presumably
caused by prolonged constriction of fetal ductus arteriosus [27,31,32]. Prolonged
shunting of blood away from the constricted ductus arteriosus and through the
pulmonary vasculature is believed to lead to hypertrophy of the muscular walls of
the pulmonary vessels.

Closer evaluation of the effect of extended tocolysis with indomethacin on
the developing fetal ductus arteriosus has demonstrated increased sensitivity of
the ductus to indomethacin with advancing gestation. Moise [33] was the first to
evaluate the developing fetal ductus arteriosus with serial fetal echocardiography.
Moise demonstrated that fetuses exposed to indomethacin had a significant
increase in the frequency of ductal constriction around 32 weeks’ gestation.
Using a similar study protocol at their institution, the authors followed 72 fetuses
exposed in utero to prolonged courses (>48-72 hours) of indomethacin [34].
Although 70% of the fetuses that developed ductal constriction in that study
did so around 32 weeks, there were several cases of ductal constriction that
occurred at earlier gestational ages, even as early as 25 weeks.

The study protocols used in the two studies described previously have served
as the basis for the current recommendations for monitoring patients receiving
antenatal indomethacin (Boxes 2 and 3). Initially, indomethacin therapy should
be limited to gestations less than 32 weeks because of the increasing likelihood of

Box 1. Potential indomethacin-associated fetal and neonatal
complications

Fetal ductus arteriosus constriction
Intraventricular hemorrhage

Necrotizing enterocolitis

Oliguria

Oligohydramnios

Persistent neonatal patent ductus arteriosus
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Box 2. Prevention of complications from indomethacin tocolysis

Restrict usage to <32 weeks’ gestation

Limit duration of therapy to less than 72 hours if possible
Avoid treatment with growth-restricted fetuses

Avoid therapy in the setting of oligohydramnios

ductal constriction to develop after this gestational age. After 48 to 72 hours of
therapy, if the decision is made to continue treatment with indomethacin, then
fetal echocardiography should be performed to detect any evidence of ductal
constriction. Ductal constriction is evidenced by increasing ductal blood flow
velocities (systolic >1.4 m/s, diastolic >0.35 m/s) and in some cases by the
appearance of tricuspid valve regurgitation [33,34]. All fetuses should be in-
dividually evaluated in the case of multiple gestations because variations in duc-
tal flow velocities can exist between fetuses of the same pregnancy. If normal
ductal flow velocities are identified, then echocardiographic evaluations should
be repeated weekly for the duration of the therapy. Fetal echocardiography is not
necessary if the decision has been made to discontinue therapy. Approximately
50% of the fetuses in the authors’ study using maintenance indomethacin
tocolysis developed mild ductal constriction at some point; however, all of these
cases demonstrated complete resolution of the constriction with prompt dis-
continuation of the therapy [34]. Therapy should be discontinued in all cases of
constriction. If increasing but not abnormal ductal flow velocities are identified,
dosing may be tapered from every 6 hours to 8- or 12-hour dosing intervals with
repeat echocardiography performed within 24 to 48 hours. Patients receiving only

Box 3. Fetal surveillance with maintenance tocolysis using
indomethacin

Fetal echocardiography for the detection of ductal constriction

Initially after 48-72 hours of therapy
Weekly for the duration of tocolysis
Discontinue therapy if constriction detected

Amniotic fluid evaluation for the detection of oligohydramnios

Before initiating therapy

After 48-72 hours of therapy

Twice weekly for the duration of tocolysis
Discontinue therapy if oligohydramnios detected
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a short course (<72 hours) of indomethacin do not need echocardiographic
evaluation because of the inherent reversibility of fetal ductal constriction.

Less clear is the surveillance needed for intermittent short courses of
indomethacin. Based on pharmacologic data it seems reasonable to defer ductal
evaluation if the interval between treatment courses is greater than 48 hours.
Indomethacin should be avoided in pregnancies complicated by intrauterine
growth restriction because of the potential for ductal constriction and possible
perfusion abnormalities.

Indomethacin has also been used for the treatment of symptomatic poly-
hydramnios because of its ability to cause a diminution of the amniotic fluid
volume within a few days [35]. Recognizing this effect, amniotic fluid volume
measurements should be evaluated twice weekly for evidence of developing
oligohydramnios. Indomethacin should be discontinued or tapered with any
trend toward oligohydramnios. Oligohydramnios developed in about 10% of
pregnancies in the authors’ study of maintenance tocolysis with indomethacin
[34]. All of these cases had complete normalization of the amniotic fluid volume
after prompt discontinuation of treatment.

In a retrospective review, Norton and colleagues [36] reported an increase in
the frequency of advanced-grade IVH in preterm infants after indomethacin
tocolysis. Limitations of that study included marked variation in the medication
dosing and surveillance regimens. Additionally, the increased risk of advanced-
grade IVH reported in that study was the result of the inclusion of grade II IVH
along with the more clinically significant grades III to IV. Only grade Il IVH was
significantly associated with indomethacin exposure, whereas grades III to IV
were similar between the treatment and control groups. Some have hypothesized
that the development of IVH after indomethacin tocolysis may actually be asso-
ciated with prolonged constriction of the ductus. Ductal constriction increases the
shunting of blood through the fetal carotids resulting in alterations in cerebral
perfusion, which may predispose the premature infant to IVH. Echocardiographic
evaluation of the fetal ductus arteriosus was not routinely incorporated into the
Norton study so it is not possible to comment specifically on the potential asso-
ciation of IVH with ductal constriction.

To evaluate the potential risks associated with antenatal exposure to indo-
methacin further, the authors performed a case control study of 75 infants ex-
posed to at least 24 hours of indomethacin within 72 hours of delivery occurring
before 32 weeks’ gestation [37]. The neonatal outcomes of these infants were
compared with 150 infants matched for gestational age, mode of delivery, fetal
sex, and race. Overall, the indomethacin-exposed neonates experienced no in-
crease on any measure of neonatal morbidity. Interestingly, a trend toward a
reduction in advanced-grade IVH was found in those neonates recently exposed
to a short course of antenatal indomethacin. A protective effect of low-dose
indomethacin administered during the first 72 hours of life to very low—birth
weight infants against IVH has been reported [38]. Perhaps limited doses of
indomethacin administered shortly before delivery may provide similar prophy-
lactic effects, although further studies are needed to explore this possibility.
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Several studies have demonstrated that premature newborns have an increased
frequency of persistent patent ductus arteriosus unresponsive to medical
management after antenatal indomethacin tocolysis [36,39]. It is logical that
suppression of vasodilatory prostaglandins with indomethacin could cause con-
striction of the fetal ductus arteriosus. Less convincing, however, is the asso-
ciation of persistent patent ductus in the newborn with antenatal indomethacin
exposure. The theory is that a secondary compensatory surge in prostaglandin
production occurs after discontinuation of indomethacin therapy. This surge
results in supranormal prostaglandin concentrations after delivery causing pro-
tracted vasodilatation of the ductus. Recent antenatal exposure seems to be the
most significant risk factor in these studies, although the authors’ recent study has
not shown this association [37].

Constriction or closure of the fetal ductus following indomethacin tocolysis
led to concerns over how the resultant altered fetal cardiovascular physiology
might also alter central nervous system or renal perfusion. Isolated case reports
of fetal renal failure and IVH had been reported in neonates born following
indomethacin tocolysis [40,41]. Mari and colleagues [42] investigated the pul-
satility index of the middle cerebral artery in fetuses both before and during
indomethacin tocolysis to determine whether ductal constriction alters cerebral
circulation. In this study, 11 fetuses developed ductal constriction within 48 hours
of onset of indomethacin tocolysis and rapidly reversed within 48 hours fol-
lowing cessation of therapy. Of the fetuses with ductal constriction, those without
tricuspid regurgitation had no change in middle cerebral artery pulsatility index.
In four fetuses with both ductal constriction and tricuspid regurgitation, however,
a significant difference was observed in middle cerebral artery pulsatility indexes
(2.22 versus 1.57, P <.05). No adverse neonatal outcomes were reported in either
group. This investigation was followed by a randomized comparison of middle
cerebral artery resistance index both before and during either magnesium or
indomethacin tocolysis [43]. In this trial, 12 patients were randomized to each
group and no significant differences were seen in middle cerebral artery flow
between fetuses receiving indomethacin or magnesium tocolysis. Again, this
study also demonstrated no change in the resistive index while on therapy as
compared with baseline measurements. These investigators also noted no sig-
nificant difference in the rate of IVH between magnesium- or indomethacin-
exposed fetuses.

Two studies have focused on the possibility of an increased risk for neonatal
complications if delivery occurs within 48 hours of indomethacin exposure.
Souter and coworkers [39] reported that neonates delivered after recent tocolysis
with indomethacin were at an increased risk for developing IVH [39]. Many
patients in this study, however, received prolonged indomethacin therapy with
limited fetal surveillance. Also, patients with premature rupture of the membranes
were included in the cohort, which may have increased the overall frequency of
IVH caused by infectious causes. No increased neonatal risks were identified in
those infants delivered more than 48 hours after the last dose of indomethacin.
Major and colleagues [44] demonstrated that neonates delivered within 24 to
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48 hours of antenatal indomethacin exposure were more likely to be diagnosed
with necrotizing enterocolitis. Similar to the study by Souter and coworkers [39],
patients who received prolonged treatment with indomethacin were included.
Recognizing the concern for recent indomethacin exposure and subsequent neo-
natal complications, the authors evaluated the effect of short-term indomethacin
tocolysis in those neonates that ultimately failed tocolysis and delivered within
72 hours of exposure [37]. They were unable to demonstrate a significant differ-
ence in the frequency of necrotizing enterocolitis, persistent patent ductus ar-
teriosus, or IVH after recent indomethacin exposure compared with matched
controls. The duration of therapy with indomethacin is a more significant risk
factor than is the timing of exposure.

Cyxlooxygenase-2 inhibitors: rationale and use in preterm labor

The development of COX-2—specific inhibitors has provided a safer alterna-
tive to traditional NSAIDs. They are effective as analgesics with decreased inci-
dence of gastrointestinal ulcerative complications, and there is an increasing body
of evidence that they may be effective in reducing the incidence of colorectal
carcinomas [45]. Recently, the potential for use as a tocolytic has been examined.

As indomethacin, a nonselective COX-1-COX-2 inhibitor, became recognized
as a potent inhibitor of preterm labor, it remained mostly a second-line tocolytic
therapy because of the potential fetal and neonatal complications that had been
described with its use. Understanding that COX-1 is an enzyme expressed in
most fetal tissues, the blockade of this enzyme could easily affect many fetal
organ systems while exerting tocolytic effect. COX-1 enzyme expression had
been previously described in the ductus arteriosus, fetal kidneys, and fetal
gastrointestinal tract. Notably, each of these organ systems had been reported to
be involved in complications following indomethacin tocolysis. Given a basic
desire of therapy to ameliorate preterm labor without undue fetal complication,
COX-2—selective inhibitors have been investigated in animal and human preterm
labor in hopes of ascertaining an understanding of their efficacy and monitoring
for potential complications.

The interest in COX-2—selective inhibition of preterm labor was prefaced by
both bench research and animal studies conducted to exhibit biologic plausibility
and safety. First, both COX-1 and COX-2 expression were verified in the
chorion, amnion, placenta, and fetal tissues. It was noted that up-regulation of
COX-2 was responsible for the increased prostaglandin synthesis at term. Fur-
thermore, the expression of COX-1 in these tissues remained stable throughout
pregnancy, whereas COX-2 was increasingly expressed as gestation progressed.
The most notable increase in COX-2 was identified in the second trimester with
an exponential increase throughout the third trimester peaking at delivery.
Following delivery, the expression of COX-2 in the decidua was found to regress
to similar expression levels of COX-1. Considering these data, COX-2 seemed to
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play an integral role in the fetomaternal structures, whereas COX-1 seemed to be
unaffected by pregnancy [46].

Cyxlooxygenase-2 inhibitors: safety

Further excitement was generated for COX-2 inhibitors as tocolytics following
the description of differential expression in human fetal models. Again, these
models demonstrated a constitutive expression of COX-1 in fetal lung, kidney,
and intestine. Also, the fetal ductus arteriosus closure was described as being
greatly mediated by COX-1—induced prostaglandin synthesis. These findings
suggested that COX-2—selective agents may be effective tocolytics while avoid-
ing the adverse fetal effect of ductal constriction. This initial excitement was
tempered, however, when COX-2 was subsequently demonstrated to be up-
regulated with advancing gestational age in each of these tissues [47]. This
presented a potential difficulty, because it is uncertain as to whether the selective
inhibition of COX-2 affects the development of these fetal organs.

The COX-2 inhibitors nimesulide, celecoxib, and rofecoxib have about 15,
375, and 800 times greater affinity for the COX-2 subtype, respectively [48].
When given to pregnant lambs, celecoxib caused constriction of the ductus
arteriosus, but to a significantly less degree than indomethacin [49]. When
administered to newborn pigs, a COX-2 inhibitor did not affect the ductus,
whereas a COX-1 inhibitor caused as much constriction as indomethacin [30].

Complications of prematurity, such as necrotizing enterocolitis and IVH, may
be increased with concurrent indomethacin [36]. It has been suggested that this
finding is the result of a concurrent risk factor [50]. Cases of preterm labor
recalcitrant to first-line tocolysis, most often magnesium sulfate, are more likely
to have an intra-amniotic infection [51]. Unfortunately, these are the cases
requiring indomethacin use. Intra-amniotic infection alone increases necrotizing
enterocolitis and IVH, possibly laying undue blame on indomethacin. It has
been proposed that if indomethacin increases the risk of IVH, it is because of
inhibition of platelet aggregation. COX-2 inhibitors do not have antiplatelet
activity, and should not increase this risk unless an additional mechanism is at
play [48]. The mechanism of necrotizing enterocolitis is under investigation.
If phospholipids, arachidonic acid, or its metabolites play a role, as has been
suggested [52], NSAIDs would certainly be involved. Whether COX-2 inhibitors
would be protective, have no effect, or be detrimental remains to be seen.

COX-2 inhibitors impair development of the renal cortex, decreasing the
diameter of the glomerulus in mice and rats when given throughout gestation
[53]. In selected case reports, infants of women taking COX-2 inhibitors have
been born with renal damage, both end-stage and transient type [54,55]. These
clinical outcomes were primarily seen outside the United States with the use of
nimesulide, however, which has much less specificity for COX-2 than celecoxib
and rofecoxib and is often referred to as a “COX-2—selective inhibitor,” rather
than a “COX-2—specific inhibitor.” Furthermore, its use was often continued
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beyond the preterm period. If inhibition of COX-2 has significant in utero renal
effects, it may be responsible for the decrease in amniotic fluid volume associated
with indomethacin use, both as a side effect and as a primary treatment outcome
[56]. The renal effects when exposed to COX-2 inhibitors during the short
window from viability to near term need to be examined.

More recently and more promising, the COX-2 inhibitor meloxicam has been
studied to assess whether administration of the medication in sheep models
induced any changes in COX protein expression in different fetal tissues [57].
These authors reported no significant change in COX-1 or COX-2 protein
expression in fetal kidney, lung, small intestine, adrenal gland, heart, liver, or
brain tissues when compared with saline controls. The authors speculated that
meloxicam, when used at the studied doses, may be a promising tocolytic agent
in this class because of the potential to avoid fetal complications with its use.

The safety of celecoxib has been compared with indomethacin in one small
but very compelling randomized control trial that evaluated the short-term use
(48 hours) of each agent in 24 pregnant women presenting with preterm labor
between 24 and 34 weeks gestation [58]. Women were randomized to receive
either 100 mg of celecoxib orally every 12 hours or 100-mg indomethacin sup-
pository followed by 50 mg orally every 6 hours, both for a total of 48 hours.
Fetal surveillance included a baseline ultrasound assessment of amniotic fluid
index, deepest vertical amniotic fluid pocket, fetal ductus arteriosus velocity
measurements by Doppler to assess the patency and constriction of the vessel,
and subjective evaluation of the fetal tricuspid valve for regurgitant flow
consistent with ductal constriction. This was repeated at 24-hour intervals for
72 hours after initiation of the study drug. Interestingly, these investigators were
able demonstrate a significant reduction in the amniotic fluid index in the
indomethacin-treated group, which was evident within 24 hours of treatment
initiation. Additionally, the mean maximum ductal velocities were significantly
elevated at 24 and 72 hours in the indomethacin group when compared with the
celecoxib-treated fetuses. Despite the modest increase in velocity in the indo-
methacin group, only one fetus exhibited measurements and findings consistent
with ductal stenosis. Additionally, none of the fetuses in the celecoxib group had
any significant changes in ductal velocity over the baseline measurements.

Cyxlooxygenase-2 inhibitors: efficacy as a tocolytic

In vitro studies of COX-2 inhibitors have successfully demonstrated an
effective tocolytic potential. One of these evaluations used three inhibitors:
(1) nimesulide, (2) meloxicam, and (3) celecoxib. Myometrial strips were derived
from women during term elective or intrapartum cesarean sections. In this trial,
all three inhibitors demonstrated efficacy in arresting oxytocin-induced myo-
metrial activity [59].

Human trials have used a number of COX-2 inhibitors with differing selec-
tivity for specific inhibition. Most of these experiments, however, were with only
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a few patients in pilot studies with novel, but limited results. McWhorter and
colleagues [60] performed on of the largest randomized trials to date comparing
oral rofecoxib with parenteral magnesium for acute tocolysis efficacy and safety.
In this study, 214 patients presenting with preterm labor between 22 and
34 weeks’ gestation were randomized to receive either 50 mg of rofecoxib orally
or intravenous magnesium for 48 hours. The outcomes studied included delay of
delivery for 48 hours and the incidence of side effects. These authors reported
that delivery was delayed for 48 hours in 90% and 88% of participants in the
rofecoxib and magnesium groups, respectively. The investigators did comment of
the fact that there was difference between the groups in advancement of cervical
dilation digitally, shortening of cervical length by transvaginal sonography, mea-
sured differences in amniotic fluid volumes, or differences in neonatal outcomes
during the study period. There was greater reported incidence of maternal side
effects in the magnesium group with lethargy being the most common complaint.
Although the study sample size is quite large, the statistical analysis revealed a
significant shortfall in power to make a decisive negative conclusion.

Cyxlooxygenase-2 inhibitors: new safety concerns

Despite the promising efforts demonstrating COX-2 safety and efficacy as
tocolytic agents, the recent emergence of safety issues with COX-2 inhibitors
in the nonpregnant population is an obvious concern. Several large trials have
suggested an increased risk for cardiovascular complications, especially in cer-
tain populations using various COX-2 agents chronically. It is premature to
assume that these medications offer no benefit in obstetrics because of these
emerging data. It should be highlighted that the populations studied were older
and many with underlying cardiac or other serious chronic diseases, which is
significantly different than the relative health of an obstetric population in com-
parison. There are hopes that with further research using healthier populations
that these concerns will be limited to select populations. Until then, an exercise
of caution is recommended with COX-2 use in the pregnant population until
further studies clarify these potential risks.
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Preterm birth is defined as delivery occurring before 37 weeks of gestation.
The estimated incidence in the United States is 12% of all live births [1]. Risk
factors associated with preterm labor are previous preterm birth, pregnancy body
mass index less than 20, cigarette smoking, African American race, multiple
pregnancy, bleeding in the second trimester, interpregnancy interval of less than
6 months, bacterial vaginosis at less than 16 weeks gestation, periodontal
infection, gestational diabetes, and psychiatric disorders [2—8]. Preterm delivery
is the leading cause of infant morbidity and mortality in developed countries,
accounting for 75% of perinatal deaths [9]. Long-term sequelae include cerebral
palsy, visual or hearing impairment, developmental delay, and chronic lung
disease [10]. Preterm birth is a serious and costly health care problem accounting
for approximately 35% of all United States health care spending for infants [11].

Many tocolytic drugs have been used to inhibit preterm labor including
magnesium sulfate; (3-mimetic agents; prostaglandin synthetase inhibitors
(ie, indomethacin); and calcium channel antagonists (CCAs). This article focuses
on the effectiveness and safety of CCAs as a therapeutic option in the man-
agement of preterm labor. Their first use was reported in 1972 by Mosler and
Rosenboom [12]. Although they are considered a first-line treatment in Europe,
CCAs remain as a second line of treatment in the United States [13,14].
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Goals of treatment

A short-term goal of the use of tocolytics is labor inhibition for at least 24 to
48 hours to administer glucocorticoids, which significantly decreases the
incidence of respiratory distress syndrome, necrotizing enterocolitis, and severe
intraventricular hemorrhage in newborns between 24 and 34 weeks of gestation
[15]. Another short-term goal of prolonging pregnancy is to allow time for
transfer to a tertiary care facility where a higher level of neonatal care is available.
The use of tocolytics prolongs pregnancy sufficiently to reduce neonatal mortality
and morbidity [16].

Mechanism of action

CCAs are potent uterine relaxants. They work by blocking voltage-dependent
L-type calcium channels in cardiac muscle and vascular and nonvascular smooth
muscle, including myometrial cells. In the pregnant uterus, they decrease the
influx intracellular calcium ions and promote relaxation [17]. The dihydropyri-
dine CCAs have less effect on the cardiac conduction system than older drugs
like verapamil or diltiazem and are preferred for tocolysis. Nifedipine is the most
widely studied CCA in the management of preterm labor.

Effectiveness

Nifedipine has been compared with ritodrine in an open randomized multi-
center study [18]. The investigators followed 185 pregnant women diagnosed
with preterm labor who received either oral nifedipine or intravenous ritodrine.
They found that nifedipine postponed delivery longer than ritodrine and was
associated with a significantly higher mean gestational age at birth and a higher
mean birth weight. The higher tocolytic efficacy was associated with a lower
incidence of neonatal morbidity related to respiratory distress syndrome (21%
versus 37%); intracranial bleeding (18% versus 31%); and neonatal jaundice
(52% versus 67%). Maternal side effects, such as nausea, vomiting, tachycardia,
and anxiety, were severe and caused discontinuation in 13% of women treated
with ritodrine. Nifedipine was not discontinued in any subject because of
side effects.

Oral nifedipine was compared with magnesium sulfate in a randomized,
controlled trial [19]. The researchers included 80 women who were in preterm
labor at 20 to 34 weeks’ gestation. There was no difference in tocolytic efficacy
and neonatal mortality between the two groups. None of the nifedipine-treated
women discontinued therapy, whereas 10% of magnesium-treated patients
stopped treatment because of pulmonary edema or chest pain. The study authors
concluded that oral nifedipine was as efficacious as intravenous magnesium sul-
fate but better tolerated.
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Because of the relatively small sample sizes in the aforementioned studies,
King and colleagues [20] conducted a systematic review of 12 randomized
control trials including 1029 women in preterm labor. The trials compared CCAs
with other tocolytic agents, mainly 3-mimetics. CCAs significantly reduced the
number of women giving birth within 7 days of receiving treatment and before
34 weeks of gestation (number needed to treat = 11). The use of CCAs was asso-
ciated with a statistically significant increase in gestation at birth and a reduc-
tion in neonatal respiratory distress syndrome (RR, 0.63; 95% CI, 0.46-0.88);
necrotizing enterocolitis (RR, 0.21; 95% CI, 0.05-0.96); intraventricular hemor-
rhage (RR, 0.59; 95% CI, 0.36-0.98); and neonatal jaundice (RR, 0.73; 95%
CIL, 0.57-0.93). Women who received CCAs were less likely to discontinue treat-
ment because of adverse drug reactions when compared with other tocolytic
agents. The number needed to treat for maternal adverse drug reaction requiring
cessation of treatment was 14 and for any side effect it was 3. The authors con-
cluded that CCAs are more effective tocolytic agents than other drugs and are
better tolerated.

Side effects

Nifedipine is generally well tolerated in women with preterm labor.
Documented maternal side effects include dizziness, lightheadedness, headache,
flushing, nausea, and transient hypotension [21]. The side effects of various
tocolytic regimens are compared in Table 1. Nifedipine-induced hypotension
typically responds to positioning the mother in a left lateral recumbent position
and elevating her feet. The combination of magnesium sulfate and nifedipine
should be avoided because of case reports of symptomatic hypocalcemia,
neuromuscular blockade, and cardiac toxicity, including maternal death [22-24].
In addition, there is a case report of a myocardial infarction in a 29-year-old
woman who received nifedipine immediately after intravenous ritodrine therapy
[25]. The patient and fetus survived without complications.

Animal studies have demonstrated a decrease in uteroplacental blood flow
secondary to maternal hypotension induced by nicardipine infusion [26,27].
Human studies, however, have not supported significant changes in blood flow
during tocolysis with oral nifedipine [28]. Most importantly, CCAs have not been
shown adversely to affect the fetus [29,30]. There was no significant increase in
congenital anomalies among 586 mothers who had been exposed to CCAs as
compared with 907 controls (2.6% versus 2.4%, respectively) [31].

Contraindications
The only true contraindication to the use of nifedipine is hypersensitivity to

the drug. Women with established coronary artery disease or cerebrovascular
disease also are not candidates for nifedipine treatment because hypotensive
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Table 1

ABLES et al

Side effects of tocolytic therapy

Tocolytic agent

Maternal side effects

Fetal side effects

Betamimetics

Calcium channel blockers

Prostaglandin inhibitors

Magnesium sulfate

Arrhythmia
Pulmonary edema
Myocardial ischemia
Tachycardia
Shortness of breath
Hypotension
Hyperglycemia
Hypokalemia
Tremor
Nervousness
Nausea or vomiting

Transient hypotension
Headache

Flushing

Dizziness

Nausea

Palpitations

Gastritis, nausea

Proctitis with hematochezia
Impairment of renal function
Increased postpartum hemorrhage

Flushing

Nausea and vomiting
Diplopia, blurred vision
Headache

Lethargy

Ileus

Hypocalcemia

Muscle weakness
Pulmonary edema
Cardiac arrest

Tachycardia
Hyperinsulinemia

Fetal hyperglycemia
Neonatal hypoglycemia
Hypocalcemia
Hypotension

Ileus

None known

Oligohydramnios

Constriction of ductus arteriosus
Necrotizing enterocolitis
Intraventricular hemorrhage

Hypotonia, lethargy
Bone demineralization

Data from: Refs. [32-47].

episodes could theoretically lead to myocardial infarction or stroke. Fortunately
these chronic illnesses are infrequently encountered in the obstetric population.

Dosing and administration

After ingestion, nifedipine has an onset of action of about 20 minutes and
peak plasma concentrations are reached at 30 to 60 minutes. Elimination half-life
is 2 to 3 hours. Nifedipine is available as an immediate release formulation in
10- and 20-mg capsules and 30-, 60-, and 90-mg extended-release tablets. The
dose of nifedipine for the management of preterm labor varies across clinical
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Table 2

Costs of tocolytic agents

Tocolytic regimen Cost”
Calcium channel blockers: nifedipine

Loading dose: 30 mg po $1.84-2.68
Maintenance dose: 10-20 mg po every 4-6 h $1.84-5.46/d

Betamimetic: terbutaline
0.25 mg subcutaneously every 20 min to 3 h
(hold for pulse >120 beats per min)

Magnesium sulfate:

IV tubing

Loading dose: 4-6 g IV over 20 min
Maintenance dose: 2-3 g IV per h

$32.49 per course

$2.86
$1.36-1.86
$16.32/d (drug without fluid or

preparation costs)
$26.01/d (premixed bags)

Prostaglandin synthetase inhibitors: indomethacin
Loading dose: 50 mg pr or 50-100 mg po $0.65-1.30
Maintenance dose: 25-50 mg po every 6 h X 48 h $1.79-3.96 per day course

? Costs calculated using Average Wholesale Price (Drug Topics Red Book: Montvale, NJ; 2004).

trials; however, a typical regimen consists of a loading dose of 10 mg by mouth
every 20 to 30 minutes if contractions persist, up to 40 mg within the first hour
[32]. A maintenance dose of 10 to 20 mg every 4 to 6 hours is recommended.
Extended-release nifedipine may also be used at a daily dose of 60 to 160 mg.
Duration of treatment has yet to be established. The costs of various tocolytic
drug regimens are summarized in Table 2.

Summary

As the rate of preterm delivery rises, it is becoming increasingly clear that the
major role of tocolytics is prolongation of pregnancy to optimize the benefit of
corticosteroids and, if necessary, permit transfer to a tertiary center. Based on
effectiveness, there is no first-line tocolytic agent but considering the cost, ease of
administration, and lower likelihood of side effects, nifedipine should be used
more often and perhaps even replace magnesium sulfate.
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