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Abstract

Objective—To characterize tocolytic use and examine perinatal outcomes among women
presenting very preterm with spontaneous labor and cervical dilation >4 cm.

Methods—This was a retrospective cohort study. Data from January 2000 to June 2011 in a
single healthcare system were reviewed. Women with singleton, non-anomalous fetuses, and
preterm labor with intact membranes between 23.0-32.0 weeks gestation who had cervical
dilation =4 cm and <8 cm at admission were included. Women receiving one or more tocolytics
(magnesium sulfate, indomethacin, or nifedipine) were compared to those who did not receive
tocolysis. The primary outcome was composite major neonatal morbidity.

Results—Two hundred ninety seven women were included; 233 (78.5%) received at least one
tocolytic. Women receiving tocolysis were slightly less dilated (median 5 vs. 6 cm, p<0.001) at
presentation, and were more likely to receive at least a partial course of corticosteroids (88.4% vs.
56.3%, p<0.001). Initial composite severe neonatal morbidity rates were similar (41.6% vs.
43.8%, p=0.761) regardless of tocolytic administration. Those receiving tocolysis were
significantly more likely to be pregnant at least 48 hours after admission (23.6% vs. 7.8%,
p=0.005), but a similar proportion delivered within 7 days of admission (94.8% vs. 95.3%,
p>0.99), and delivery gestational ages were similar (28.9 vs. 29.2 weeks, p=0.408). The incidence
of chorioamnionitis and postpartum endometritis were similar between groups.

Conclusion—The majority of women presenting very preterm with advanced cervical dilation
received tocolysis. Although tocolysis administration increased the likelihood of achieving at least
48 hours of latency, initial neonatal outcomes were similar.
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Introduction

Preterm birth (< 37 weeks) is the leading cause of neonatal morbidity and mortality in the
United States.! Spontaneous preterm birth accounts for the majority of preterm birth. Very
preterm neonates (< 33 weeks) are at highest risk for significant short and long term
morbidity.2 Antenatal administration of corticosteroids (typically, intramuscular
betamethasone) to women with threatened preterm delivery reduces neonatal morbidity and
mortality.3-8 Neonates receive optimum benefit from corticosteroids when delivery is
delayed for 248 hours, although incomplete courses provide some benefit.6-8

Treatment with tocolytics is associated with successful pregnancy prolongation for 48-hours,
and permits administration of antenatal corticosteroids.®-13 Even so, providers may be
reluctant to administer tocolysis due to a sense of futility and concerns for underlying intra-
amniotic infection among women with spontaneous preterm labor and advanced cervical
dilation. We sought to characterize tocolytic use, determine efficacy in pregnancy
prolongation, and examine perinatal outcomes among women presenting very preterm with
spontaneous preterm labor and advanced cervical dilation.

Materials and Methods

We studied a retrospective cohort of patients in a single healthcare system (Intermountain
Healthcare) admitted to labor and delivery between January 2000 and June 2011 with a
diagnosis of spontaneous preterm labor. Intermountain Healthcare is a not-for-profit system
of 22 hospitals and more than 185 physician clinics, located primarily in the State of Utah.
Administrative and clinical electronic medical record data are maintained in an ‘Enterprise
Data Warehouse’ that captures data across multiple information systems, primarily entered
during ‘point-of-care’ interactions with patients, as well as capturing billing and
administrative/coding data. The Enterprise Data Warehouse was queried to identify women
admitted to an Intermountain Healthcare facility with a diagnosis of spontaneous preterm
labor, threatened preterm delivery, or cervical insufficiency (ICD9 diagnosis codes 644.0%,
644.2x, 654.5%, 658.1%, and 658.2x) between 23.0-31.9 weeks gestation. Women pregnant
with a live singleton, non-anomalous fetus who had an initial digital cervical dilation of 4
centimeters or more but less than 8 centimeters at the time of presentation were included.
Women with one or more of the following: ruptured membranes, polyhydramnios,
intrauterine fetal demise, or evidence of chorioamnionitis at the time of presentation were
excluded. Those with cervical dilation of 8 centimeters or greater on initial digital
examination were also excluded from analysis due to expected imminent delivery. Women
with medical indications for delivery (e.g., severe pre-eclampsia) were also excluded. For
women who met inclusion criteria with more than one pregnancy during the study period,
data were analyzed only for the first eligible pregnancy. All records identified from the
Enterprise Data Warehouse as potentially meeting inclusion criteria were manually reviewed
and updated by physician researchers to ensure data accuracy and study eligibility. This
study was approved by the Intermountain Healthcare Institutional Review Board.

Decisions whether to administer tocolysis, which medication(s) to use, and medication
dose(s) were made by individual physicians. Medications administered for tocolysis
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included magnesium sulfate, indomethacin, and nifedipine, used singly or in combination.
Women receiving one or more tocolytics were compared to those who did not receive
tocolysis. Labor management decisions were also made by individual physicians. In our
healthcare system, magnesium sulfate was commonly used as a tocolytic agent prior to the
widespread adoption of magnesium sulfate neuroprotection protocols in late 2008 and early
2009. Magnesium sulfate continues to be used as a tocolytic in some instances based on
provider preference, and many providers view this medication as providing dual benefit. To
ascertain the primary intent (neuroprotective agent vs. tocolytic agent) of magnesium sulfate
administration, the history and physical examination, physician progress note, and discharge
summary narratives were reviewed by physician researchers (T.A.M. and C.A.H.).

The primary outcome was composite major neonatal morbidity, defined as the diagnosis of
at least one of the following prior to discharge: bronchopulmonary dysplasia, severe
intraventricular hemorrhage (grades 11 or IV), periventricular leukomalacia, necrotizing
enterocolitis, stillbirth, or neonatal death. Secondary outcomes included the incidence of
delayed delivery for at least 48 hours after admission, delivery gestational age, individual
neonatal morbidities, and specific tocolytic regimens in prolonging pregnancy for at least 48
hours after admission. All outcomes were determined by standardized clinical definitions,
utilizing relevant radiographic and pharmacologic data as applicable, and were manually
verified by chart abstraction.

Data were analyzed using Stata® version 13.1 (StataCorp, College Station, TX). Patients
were grouped by whether or not they received tocolysis, and demographics were compared
using chi-square, Student’s t-test, Fisher exact, and ANOVA as appropriate. All reported p-
values are from a two-sided comparison. There was no adjustment for multiple comparisons
and no imputation was made for missing data. Study outcomes were modeled using
multivariable Poisson regression with robust variance estimates.20 In these models, the
reported relative risk estimates represent ratios of incidence proportions, rather than ratios of
rates with person-time denominators. Since tocolytic therapy is a short-term therapy with a
goal of prolonging pregnancy for at least two days, the follow-up time was short enough to
represent an equal time at risk for each patient, which justified modeling incidence
proportions.

In the initial Poisson regression model examining factors associated with neonatal
morbidity, variables included were Caucasian race, nulliparity, antenatal corticosteroid
administration, initial cervical dilation, chorioamnionitis, pregnancy prolongation for at least
48 hours after admission, delivery gestational age, need for neonatal transfer of care, culture
proven neonatal sepsis, and administration of tocolysis. In the initial regression model
examining factors associated with prolongation of pregnancy for at least 48 hours after
admission, variables included were gestational age at presentation, Caucasian race,
prepregnancy body mass index, nulliparity, initial cervical dilation, chorioamnionitis, and
administration of tocolysis.

The probability of remaining pregnant after admission (with and without tocolytic therapy)
was displayed using a Kaplan-Meier graph. Survival curves were compared using the log-
rank test for equality of survival functions.
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Two hundred ninety seven women met inclusion criteria, of whom 233 (78.5%) received at
least one tocolytic (Figure 1). The most commonly used tocolytic was magnesium sulfate:
164 (55.2%) received it alone or in combination with other medications; 102 (34.4%)
received indomethacin, and 99 (33.3%) received nifedipine. The majority of women who
received tocolysis (123/233, 52.7%) were treated with only one tocolytic (Figure 2). Women
who did not receive tocolysis had a higher mean cervical dilation, were less likely to receive
at least one dose of betamethasone, and were less likely to be transferred to a tertiary care
facility compared to those who received tocolysis; all other maternal baseline characteristics
were similar between the two groups (Table 1).

Outcomes based on the number of tocolytics received and specific tocolytic regimens are
detailed in Tables 2 and 3. Women receiving multiple tocolytics tended to be less dilated at
the time of presentation, and were more likely to achieve 48 hours of latency between
admission and delivery (Tables 2 and 3). However, there was no significant difference in
number of tocolytics received based on gestational age at presentation, and the delivery
gestational age also did not vary by tocolytic regimen. Women who did not receive tocolysis
were also slightly more dilated at the time of presentation (median 6 cm, IQR 4.5-6.5 cm,
compared to 5 cm, IQR 4.0-5.5, p<0.001). The vast majority of patients remained
hospitalized until delivery (440/444, 99.1%). Labor and intrapartum characteristics were
similar between groups (Table 4).

Initial perinatal outcomes were similar and did not appear to vary by tocolytic administration
or specific regimen used; the rate of composite severe neonatal morbidity did not vary with
tocolytic use (Table 4). Survival analysis examining the probability of remaining pregnant
following presentation and hospitalization for advanced cervical dilation demonstrated a
significant initial prolongation of pregnancy when tocolysis was used, p<0.001 (Figure 3).
However, a similar proportion delivered within 7 days of admission (94.8% vs. 95.3%,
p>0.99).

There were two stillbirths; these babies were delivered at 23.3 weeks and 24.0 weeks; both
mothers had received tocolysis. No mothers were admitted to the intensive care unit and
there were no maternal deaths. The rates of chorioamnionitis and isolated postpartum
endometritis (in the absence of a prior diagnosis of chorioamnionitis) were similar between
those who did and did not receive tocolysis (Table 4). All but 4 women ultimately delivered
preterm less than 34 weeks gestation, regardless of tocolytic status. All 4 of these women
who delivered in the ‘late-preterm’ period between 34 and 37 weeks gestation received
tocolysis (p=0.291, Table 4).

In multivariable Poisson regression models, the only factors associated with composite
major neonatal morbidity included gestational age at delivery and a diagnosis of clinical
chorioamnionitis (Table 5). Notably, corticosteroid use and tocolytic administration were
not associated with a statistically significant reduction in major neonatal morbidity in this
cohort after controlling for confounders.
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A second regression model examined factors associated with achieving a latency period of
48 hours or longer between admission and delivery (Table 6). Tocolytic administration was
associated with an increased likelihood of pregnancy prolongation of pregnancy for at least
48 hours when adjusting for confounders, including cervical dilation at presentation (RR
2.64, 95% CI 1.05-6.62, p=0.038, Table 6). Admission gestational age was also inversely
associated with pregnancy prolongation for at least 48 hours; with each additional week of
gestation, the likelihood of attaining at least 48 hours of latency between admission and
delivery decreased (RR 0.89, 95% CI 0.82-0.96, p=0.003, Table 6).

Of 164 women who received magnesium sulfate, 17 (10.4%) were given the drug primarily
for the purposes of neuroprotection. The prescriber’s intent (tocolysis vs. neuroprotection)
could not be ascertained by chart review in an additional 3 cases. When considering all 20
women who potentially received magnesium primarily for neuroprotection, 13 received at
least one additional medication for the purposes of tocolysis. Changing the classification of
the 7 women receiving only magnesium sulfate (with unknown intent) into the no tocolysis
group did not alter the results (data not shown). Results also did not change if these
individuals were excluded from analysis (data not shown).

Lastly, to evaluate for a time trend in outcomes, we divided the study cohort into two based
on the calender years of patient presentation, 2000-2005 or 2006—2011. Outcomes in these
two sub-groups were similar to outcomes in the whole cohort (data not shown).

Discussion

Among women with spontaneous preterm labor between 23 and 32 weeks of gestation and
advanced cervical dilation, women who received tocolysis were more likely to achieve at
least 48 hours of latency between admission and delivery. By 7 days after admission, more
than 90% of women had delivered, and no differences were seen among those with and
without tocolysis. Additionally, we did not appreciate an improvement in initial neonatal
outcomes among women who received tocolysis.

This study was limited by the retrospective design. We suspect that the number of women
who had indications for immediate delivery precluding tocolysis is low, given the proportion
of operative deliveries was similar between those who did and did not receive tocolysis.
Also, our findings may reflect the specific obstetric interventions employed at our
institutions and the patient population studied, and outcomes may be different in other
clinical settings and populations. In post-hoc power calculations, we had 58% power to
detect a one-third reduction in major neonatal morbidity from 43.8% in the no-tocolysis
group (2-sided test, alpha = 0.05).

We included a relatively large cohort of women with advanced preterm labor at early
gestational ages. By limiting the study to those with advanced preterm labor, the risk of
imminent and early delivery was high: 80% delivered within 48 hours of presentation and
95% delivered within 1 week; none delivered at term. With rare exception, medically
necessary maternal (and fetal) transports for higher levels of care are made within our
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healthcare system; this allowed us to consider the vaginal exam at the time of initial
presentation, regardless of where women initially presented.

Our results are similar to other limited, smaller reports. Previous reports of tocolysis for
advanced preterm labor have included women with less advanced cervical dilation (3cm)
and later gestational ages.21-23 Prior studies also demonstrated some efficacy in aggressive
tocolysis among women with advanced cervical dilation. One recent secondary analysis of a
randomized clinical trial examined 92 women presenting between 4-6 cm dilated at 24-32
weeks gestation and found, similar to our study, no differences in pregnancy prolongation by
tocolytic regimen (indomethacin, magnesium, or nifedipine).24

Women receiving =1 tocolytic medication were more likely to remain pregnant for =48
hours after presentation. This increased latency period between admission and delivery
increased the likelihood of antenatal corticosteroids administration. Although this
prolongation was not accompanied by improvement in initial neonatal outcomes, previous
studies have demonstrated the beneficial neonatal effects associated with antenatal
corticosteroid administration. Although women who received tocolysis were more likely to
achieve 48 hours of latency, only 60 neonates (55 with tocolysis, 5 without tocolysis)
achieved =48 hours of latency. Thus, considering that the majority of neonates delivered to
women receiving tocolysis failed to achieve 48 hours of latency, it is not unexpected that
overall major neonatal morbidity or individual respiratory outcomes were similar between
groups.

The rate of respiratory distress syndrome was high in this population and although
statistically higher among those receiving tocolysis, we believe this was not clinically
significant, given similar rates of bronchopulmonary dysplasia, need for intubation, and
other neonatal morbidities. For those neonates delivered within 48 hours of antenatal steroid
administration, the benefit of steroid administration is likely more difficult to quantify.
Alternatively, the benefit may be more apparent in long-term childhood outcomes, which
were unavailable. Additionally, prolongation of the very preterm pregnancy in the setting of
advanced cervical dilation even for a few hours provides the benefit of allowing maternal
transport. Birth in a hospital with neonatal intensive care units has been associated with
improved neonatal outcomes compared to post-natal transport.2>-27 There was no apparent
short-term maternal or fetal harm noted in association with tocolytic administration. As
previously discussed, the incidence of chorioamnionitis was high in this group, and was
unrelated to tocolysis use.

In conclusion, use of indomethacin, magnesium sulfate, or nifedipine tocolysis among
women presenting with preterm labor and advanced cervical dilation <32 weeks gestation
may allow for maternal transfer and improve the likelihood of delaying delivery for at least
48 hours, without apparent adverse effects.
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Admitted to Intermountain
Healthcare facility with
diagnosis of preterm labor
or cervical insufficiency,

January 2000—June 2011 Excluded (n=29,510)

(N=29,968) Gestational age at presentation

232 weeks: 26,320

Gestational age at presentation
<23 weeks: 351

Multiple pregnancy: 877

Cervical examination at
presentation missing: 887

Cervical examination at
presentation <4 cm: 725

Cervical examination at
presentation >8 cm: 339

Fetal anomaly: 4

Severe preeclampsia: 7

v

Potentially eligible
(n=458)

Excluded after manual chart review
(n=161)

Ruptured membranes at time of
presentation: 86

Presented =32 weeks of
gestation: 11

Presented <23 weeks of
gestation: 11

Cervical dilation <4 cm at
presenation: 26

Fetal anomaly: 5

Chorioamnionitis at time of
presentation: 2

Multiple pregnancy: 2

Polyhydramnios: 1

Missing data: 17

N

Included
(n=297)

A 4 A 4

No tocolysis Tocolysis
(n=64; 21.5%) (n=233; 78.5%)

Figure 1.
Study enrollment.
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* Single, nonanomalous fetus
* Preterm labor or cervical
insufficiency
* Cervical dilation 24 cm and
<8 cm, intact membranes at
presenation
(n=297)

A 4

h 4

No tocolysis
(n=64; 21.5%)

Received tocolysis

(n=233; 78.5%)

Page 10

h 4

A4

v

One tocolytic (n=123; 41.4%)
Indomethacin only: 19; 6.4%
Magnesium sulfate only:

72; 24.2%
Nifedipine only: 32; 10.8%

Two tocolytics (n=88; 29.6%)*
Indomethacin and
magnesium sulfate: 43; 14.5%
Indomethacin and nifedipine:
18;6.1%
Magnesium sulfate and
nifedipine: 27; 9.1%

Three tocolytics
(n=22; 7.4%)

Figure 2.

Summary of tocolytics received among women included in the analysis.

not equal 29.6% due to rounding.
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One or more tocolytics 223 56 238 18 10 10
Figure 3.

Kaplan-Meier survival curve. A significant increase in the proportion of women remaining
pregnant was observed among those receiving one or more tocolytics (P<.001, log-rank test)
following admission for advanced cervical dilation.
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Variable Tocolysis No p-value
N=233 Tocolysis
N=64

Mean maternal age at delivery (years) 25.0+/-6.0 | 24.8+/-5.8 0.751
White race (n, %) 166 (71.2) 45 (70.3) 0.884
Hispanic ethnicity (n, %) 38 (16.3) 11 (17.2) 0.867
Married (n, %) 159 (68.2) 47 (73.4) 0.424
Mean prepregnancy body mass index (kilograms/meter?) 25.0+/-6.7 | 25.6 +/-6.1 0.491
Tobacco use during pregnancy (n, %) 10 (4.3) 2(3.1) 0.675
Nulliparous (n, %) 102 (43.8) 20 (31.3) 0.071
One or more previous preterm deliveries (n, %) 55 (23.6) 20 (31.3) 0.212
Mean admission gestational age (weeks) 28.4+/-26 | 29.0 +/-2.7 0.128
Median admission cervical dilation (centimeters, IQR) 5 (4-5.5) 6 (4.5-6.5) <0.001
Fetal malpresentation (n, %) 56 (24.0) 16 (25.0) 0.873
Preterm premature rupture of membranes occurred after admission but at least 24 hours prior to 110 (47.2) 37 (57.8) 0.133
delivery (n, %)

Received one or more doses of antenatal corticosteroids (n, %) 206 (88.4) 36 (56.3) <0.001
Mother transferred from presenting hospital to another facility for higher level of care while 46 (19.7) 5(7.8) 0.025

pregnant

Data are presented as n(%) unless otherwise noted.
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Table 4
Delivery characteristics and initial neonatal outcomes
Variable Tocolysis No Tocolysis | p-value
N=233 N=64

Mean delivery gestational age (weeks) 289 +/-2.7 29.2 +/- 2.7 0.408
Mean admission-to-delivery interval (days) 1.8+/-43 1.2+/-49 0.326
Pregnant for 248 hours after admission (n, %) 55 (23.6) 5(7.8) 0.005
Pregnant for =7 days after admission (n, %) 12 (5.2) 3(4.7) 0.881
Delivered = 34.0 weeks gestation (n, %) 4(1.7) 0 (0) 0.291
Delivered 2 37.0 weeks gestation (n, %) 0 0 -
Cesarean section (n, %) 60 (25.8) 21 (32.8) 0.261
Diagnosis of clinical chorioamnionitis (n, %) 33 (14.2) 7(10.9) 0.503
Acute chorioamnionitis or funisitis on placental pathology* 79/168 (47.0) | 18/49 (36.7) 0.202
Postpartum endometritis [in the absence of previous diagnosis of chorioamnionitis, (n, %)] 4(1.7) 2(3.1) 0.478
Median maternal length of stay (days, IQR) 2 (2-5) 2 (1-3) 0.206
Male infant (n, %) 133 (57.1) 37 (57.8) 0.917
Mean birthweight (grams) 1357 +/- 491 | 1468 +/- 499 0.113
Admission to neonatal intensive care unit (n, %) 219 (94.0) 56 (87.5) 0.079
Neonate transferred within 24 hours of birth to other facility for higher level of care 10 (4.3) 8(12.5) 0.015
Major neonatal morbidity t 97 (41.6) 28 (43.8) 0.761
Neonatal death (n, %) 19 (8.2) 7(10.9) 0.485
Intraventricular hemorrhage grade I or Il (n, %) 40 (17.2) 7(10.9) 0.226
Intraventricular hemorrhage grade 111 or 1V (n, %) 28 (12.0) 11 (17.2) 0.278
Periventricular leukomalacia (n, %) 11 (4.7) 34.7) 0.991
Neonatal bronchopulmonary dysplasia (n, %) 60 (25.8) 18 (28.1) 0.702
Neonatal respiratory distress (n, %) 220 (94.4) 54 (84.4) 0.005
Need for intubation (n, %) 162 (69.5) 39 (60.9) 0.193
Median days intubated (IQR) 1 1(0-10) 2(1-9) 0.385
Neonatal necrotizing enterocolitis (n, %) 23(9.9) 5(7.8) 0.618
Neonatal sepsis (culture proven) 34 (14.6) 7 (10.9) 0.453
Median neonatal length of stay (days, IQR) § 42 (27-73) 36 (14-59) 0.080

*
placental pathology available for 217 pregnancies

Tdefined as the diagnosis of at least one of the following prior to discharge: bronchopulmonary dysplasia, grade 111 or IV intraventricular

hemorrhage, periventricular leukomalacia, necrotizing enterocolitis, stillbirth or neonatal death

¢among 201 intubated neonates

§among neonates admitted to the neonatal intensive care unit
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Multivariable Poisson regression model with relative risk for composite major neonatal morbidity.

Table 5

Variable Unadjusted RR p-value | Adjusted RR (95% | p-value
(95% CI) cl

Delivery gestational age, per one week increase 0.76 (0.73-0.80) | <0.001 0.77 (0.73-0.80) <0.001
Clinical chorioamnionitis 1.77 (1.36 — 2.31) | <0.001 1.35(1.09 - 1.68) 0.006
Caucasian race 1.05(0.78-1.41) | 0.759 1.25(0.98 — 1.58) 0.072
Neonatal transfer in first 24 hours of life 0.38 (0.13-1.08) 0.070 0.50 (0.20 - 1.24) 0.134
Cervical dilation at presentation, per 1 centimeter increase | 1.05 (0.94-1.19) | 0.394 1.07 (0.97 - 1.17) 0.163
Any tocolysis 0.95(0.69-1.31) | 0.759 0.90 (0.70 — 1.16) 0.420

Page 16

*
Potential confounders dropped from the final model (p>0.20) included: nulliparity, antenatal corticosteroid administration, achieving at least 48

hours of latency, and culture proven neonatal sepsis.
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Table 6
Multivariable Poisson regression model for relative risk of pregnancy prolongation for =48 hours after
admission.
Variable Unadjusted RR P- Adjusted RR (95% | p-value
(95% ClI) value | CI)
Admission gestational age, per one week increase | 0.87 (0.81-0.95) | 0.001 | 0.89 (0.82 - 0.96) | 0.003
Received tocolysis | 3.02 (1.26 - 7.24) | 0.013 | 2.64 (1.05 - 6.62) | 0.038
Caucasian race | 0.66 (0.42 — 1.04) | 0.070 | 0.68 (0.43 —1.08) | 0.102
Cervical dilation at presentation
4 centimeters referent referent
5 centimeters 0.65 (0.37 - 1.15) | 0.137 | 0.61 (0.35-1.06) 0.081
6 centimeters 0.42 (0.19-0.95) | 0.037 | 0.48(0.22-1.05) 0.066
7 centimeters 0.59 (0.27-1.30) | 0.191 | 0.74 (0.35-1.59) 0.445

*
Potential confounders dropped from the final model (p>0.20) included: maternal body mass index, nulliparity, and chorioamnionitis.
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