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CONCLUSION: The 3T system does not effectively identify fetal acidemia. The 5T and Clark algorithms perform poorly in identifying
fetal acidemia at birth, with detection rates of only 24% and 22%,
respectively. Use of either system would result in 4 to 5 additional
CD for every case of early detection. Improved methods of predicting fetal acidemia are needed.
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OBJECTIVE: To compare published intrapartum FHR monitoring al-

gorithms for the prediction and early identiﬁcation of fetal acidemia
(arterial cord pH <7.1 at birth) and their effect on cesarean delivery
(CD).
STUDY DESIGN: Cases and controls were randomly selected from
term, singleton deliveries between 2010 and 2014 with 2 hours of
FHR monitoring and arterial cord blood gas results. Cases had pH
<7.10 without a documented unpreventable cause of acidemia such
as cord prolapse. We created rules for intervention from each of 3
published FHR interpretation systems (the 3 Tier (3T), 5 Tier (5T)
and Clark systems)[references 1-3] that clearly deﬁned when intervention was indicated, based on recommendations by the authors of
each algorithm (ﬁgure 1). FHR tracings were reviewed in their entirety in 30-minute intervals by 10 NCC-certiﬁed MFM physicians
or fellows who were blinded to the outcome. Sensitivity, speciﬁcity,
false positive and false negative rates were calculated for each algorithm as well as the number of additional CDs that would be
expected.
RESULTS: 265 tracings were reviewed. There were 41 cases (15.5%)
with a pH <7.1 and 224 (84.5%) with a pH 7.1. Figure 2 shows the
sensitivity, speciﬁcity, false positive and false negative rate for each
algorithm. The algorithm recommended early intervention (30
minutes prior to actual delivery) in 4/10 cases identiﬁed by the 5T
system and in 5/9 cases identiﬁed by the Clark algorithm. Application of the 5T algorithm would have resulted in 17 additional CDs
(increase of 6.4%) while the Clark algorithm would have resulted in
24 additional CDs (increase of 9%).
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OBJECTIVE: To examine the relationship between delayed pushing

and perinatal outcomes in nulliparas with singleton term gestations.
STUDY DESIGN: Cohort study of data from deliveries at 25 U.S.

hospitals from 2008-2011. Nulliparous women with singleton, cephalic, term births who achieved 10 cm cervical dilation were
included for analysis. Women in whom pushing was delayed by 60
minutes (delayed group) were compared to those who initiated
pushing within 30 minutes (early group). Multivariable regression
analyses were used to assess the independent association of delayed
pushing with mode of delivery, length of second stage and other
maternal and perinatal outcomes.
RESULTS: Of 21,034 analyzable women, pushing was delayed in
18.4% (N¼3870). Women who were older, privately insured, or
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non-Hispanic white, as well as those who had induction or
augmentation of labor, gestational diabetes, or epidural analgesia
were more likely to have delayed pushing. Delayed pushing was more
common when the second stage began during daytime hours or in
hospitals with dedicated 24-hour obstetrical anesthesia. It occurred
less commonly in hospitals with a 24-hour in-house attending
obstetrician or neonatologist. After adjusting for differences in
baseline characteristics, women in the delayed group had longer
adjusted mean durations of the second stage (192 vs. 84 min,
p<0.001) and of active pushing (86 vs. 76 min, p<0.001). Delayed
pushing also was associated with a greater odds of cesarean delivery
(11.2% vs 5.1%, p<0.001), operative vaginal delivery (16.2% vs
11.2%, p<0.001) and NICU admission (8.8% vs 6.8%, p<0.001),
without an increase in risk of major perineal laceration, compared
with early pushing (Table).
CONCLUSION: In this large birth cohort, delayed pushing was associated with a longer duration of pushing, increased odds of cesarean
delivery and NICU admission.
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signiﬁcantly increased MMP2 secretion in women with a history of
PCR vs CTL (p¼0.003, Figure 1).
CONCLUSION: Primary human CSMC secrete MMPs, which are
thought to be critical for cervical remodeling. CSMC from pregnant women with a history of PCR secrete higher levels of MMP2
in response to stretch than CTL. This abnormal CSMC stretch
response, characterized by increased MMP2 secretion, may elucidate a potential mechanism in the pathophysiology of PCR and
PTB.

202 Human myometrial in vitro effects of pharmacological
agents used in the clinical management of postpartum
hemorrhage

1
Columbia University Medical Center, New York, NY, 2Columbia University,
New York, NY

David A. Crosby, Denis J. Crankshaw, John J. Morrison

OBJECTIVE: We sought to deﬁne the role of cervical smooth muscle

OBJECTIVE: Postpartum hemorrhage (PPH) is a leading cause of

cells (CSMC) in normal and premature cervical remodeling
(PCR). Speciﬁcally, we asked 1) if primary human CSMC secrete
matrix metalloproteinases (MMPs; collagen remodeling enzymes),
2) if CSMC stretch induces MMP secretion, and 3) if CSMC
stretch triggers increased MMP secretion in women with a history
of PCR.
STUDY DESIGN: Using IRB approved protocols, CSMC were isolated
from cervical tissue obtained prior to cerclage from 4 pregnant
women (14-16wks) with a history of PCR resulting in preterm birth
(PTB) <28 wks and 4 gestational-age matched controls (CTL) undergoing pregnancy termination. Immunocytochemistry for alphaSMA, SM22 and desmin was used to identify smooth muscle cells
(SMC). Cyclical stretch was applied (-13kpa, 15% elongation, 45s
stretch, 15s release) for 24h using a Flexcell system and then MMP1,
2, 7, 9 and 10 concentrations in the basal media were determined by
Luminex. Experiments were run in duplicate and statistical analyses
included logistic regression, generalized estimated equation, ANOVA
and Student’s t-test.
RESULTS: SMC markers were evident before and after 24h of cyclical
stretch. At baseline, CSMC secrete MMPs, predominantly MMP1
and 2 with lower levels of MMP9 and 10 and cyclic stretch

maternal mortality in the developed and under-developed world,
and uterine atony is the major contributing factor. Clinical guidelines for drug treatment of PPH vary internationally, and there are
minimal comparative pharmacological data for the various uterotonic compounds used. The aim of this study was to evaluate a range
of contractile parameters in human pregnant myometrium, for the
uterotonic agents used clinically in the management of atonic PPH.
STUDY DESIGN: Myometrial biopsies were obtained from 19 patient
donors undergoing elective cesarean delivery at term. The effects of
the uterotonic agents oxytocin, carbetocin, ergometrine, carboprost,
syntometrine and misoprostol were investigated in 146 myometrial
strips. The potency (expressed as pEC50) and maximal response
values were obtained, and compared, using both maximal amplitude
and mean contractile force as indices of contraction. Single EC50
concentrations of the agents were administered and both force and
contraction peak parameters were compared during a 15 minute
exposure.
RESULTS: The most important difference between the agents was in
their ability to increase the mean contractile force, with oxytocin
superior to all agents except syntometrine. In single dose experiments mean contractile force was the parameter that separated the
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