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Abstract

Objective—To assess neonatal and maternal outcomes when when the second stage of labor was
prolonged according to American College of Obstetricians and Gynecologists guidelines.

Methods—Electronic medical record data from a retrospective cohort (2002-2008) from 12 U.S.
clinical centers (19 hospitals), including 43,810 nulliparous and 59,605 multiparous singleton
deliveries = 36 weeks, vertex presentation, who reached 10 cm cervical dilation were analyzed.
Prolonged second stage was defined as: nulliparous women with epidural > 3 hours, without > 2
hours; multiparous women with epidural > 2 hours, without > 1 hour. Maternal and neonatal
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outcomes were compared and adjusted odds ratios calculated controlling for maternal race, BMI,
insurance, and region.

Results—Prolonged second stage occurred in 9.9% and 13.9% of nulliparous and 3.1% and 5.9%
of multiparous women, with and without an epidural, respectively. Vaginal delivery rates with
prolonged second stage compared to within guidelines were 79.9% versus 97.9% and 87.0%
versus 99.4% for nulliparous women with and without epidural, respectively, and 88.7% versus
99.7% and 96.2% versus 99.9% for multiparous women with and without epidural, respectively
(P<.001 for all comparisons). Prolonged second stage was associated with increased
chorioamnionitis and third-degree or fourth-degree perineal lacerations. Neonatal morbidity with
prolonged second stage included sepsis in nulliparous women [with epidural: 2.6% versus 1.2%
(AOR 2.08; 95%CI 1.60-2.70); without epidural: 1.8% versus 1.1% (AOR 2.34; 95%CI 1.28-
4.27)]; asphyxia in nulliparous women with epidural [0.3% versus 0.1%, AOR 2.39; 95% CI 1.22—
4.66]; and perinatal mortality without epidural [0.18% versus 0.04% for nulliparous women (AOR
5.92; 95% CI 1.43-24.51)], and 0.21% versus 0.03% for multiparous women (AOR 6.34; 95%Cl
1.32-30.34)]. However, among the offspring of women with epidurals whose second stage was
prolonged (3,533 nulliparous and 1,348 multiparous women), there were no cases of hypoxic
ischemic encephalopathy or perinatal death.

Conclusions—Benefits of increased vaginal delivery should be weighed against potential small
increases in maternal and neonatal risks with prolonged second stage.

INTRODUCTION

Historical guidance for the 2-hour rule of the second stage of labor to prevent maternal and
neonatal morbidity and mortality was introduced in the mid-1800s by expert opinion and
case series publications. (1) Hamilton published findings where no stillbirths occurred when
forceps were used to shorten the second stage, and perhaps was the first to publish the 2-
hour rule based on his observations. (2, 3) Since that time, studies have found increased
duration to be associated with increased risk of maternal morbidity primarily hemorrhage,
fever or infection, and perineal trauma. (4—-10) The association of neonatal risks with a
prolonged second stage has been controversial. Recent studies have found an increased risk
of Apgar score < 7 (9-11), neonatal intensive care unit (NICU) admission (11, 12), birth
depression and minor trauma (10), while other studies have found no differences in neonatal
outcomes including more serious complications such as seizures or sepsis. (4-8) Rare
neonatal morbidities including asphyxia, hypoxic-ischemic encephalopathy and mortality
have been understudied. Therefore, whether the prolongation of the second stage of labor
beyond the currently accepted windows to achieve a vaginal delivery (and avoid the risks of
cesarean delivery) results in serious neonatal complications has remained unclear. Given the
lack of well-powered studies with detailed clinical data, as well as the common use of
epidural, determination of the optimal length of the second stage is needed. (13)

The aims of this study were to quantitate the chance of vaginal delivery for prolonged
second stage and to evaluate both maternal and fetal and neonatal risks associated with such
prolongations.
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MATERIALS AND METHODS

The Consortium on Safe Labor (CSL) was conducted by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development, National Institutes of Health to
determine the course of labor associated with optimal maternal and neonatal outcomes. The
CSL was a retrospective study of 208,695 women with 228,438 deliveries from 12 clinical
centers and 19 hospitals representing nine College districts from 2002—2008. (14)
Institutional Review Board approval was obtained by all participating institutions. Detailed
information from the patient electronic medical record was extracted including demographic
data, and medical, prenatal, and antenatal histories. Labor and delivery information
including cervical examinations and timing were obtained. Postpartum maternal and
neonatal outcomes were collected along with maternal and newborn discharge summaries.
Validation of four key variables was performed, including cesarean for nonreassuring fetal
heart rate tracing, asphyxia, NICU admission for respiratory conditions, and shoulder
dystocia. The electronic medical records were highly accurate with >91% concordance for
all subgroups and >95% for most (see prior publication for more details). (14)

The objectives of this study were to quantitate the chance of vaginal delivery once American
College of Obstetricians and Gynecologists (the College) guidelines for duration of second
stage were exceeded and to compare both maternal and fetal and neonatal risks for deliveries
within the guidelines to those outside of the guidelines.

Length of second stage of labor was determined by subtracting the date and time of delivery
from the date and time of 10cm cervical dilation as recorded in the maternal medical record.
Duration of second stage outside College guidelines was designated as prolonged second
stage, and defined as: for nulliparous women > 3 hours with epidural or > 2 hours without;
multiparous women > 2 hours with epidural or > 1 hour without. (15) Otherwise, delivery
was designated as within guidelines. Success of any vaginal delivery (including non-
operative and operative) was estimated, as well as operative vaginal delivery (forceps,
vacuum, forceps and vacuum, or unspecified). Maternal outcomes were explored
individually as well as a composite that included postpartum hemorrhage, blood transfusion,
cesarean hysterectomy, endometritis, or intensive care unit admission (ICU). Postpartum
hemorrhage was defined as estimated blood loss > 500 ml for vaginal delivery and > 1000
ml for cesarean delivery. Other maternal outcomes included chorioamnionitis, wound
infection, wound separation, episiotomy, 3™ or 4™ degree perineal laceration, cervical
laceration and hospital length of stay. Neonatal outcomes were explored individually as well
as a composite that included shoulder dystocia, 5 minute Apgar < 4, need for continuous
positive airway pressure (CPAP) resuscitation or higher, neonatal intensive care unit (NICU)
admission, sepsis, pneumonia, hypoxic-ischemic encephalopathy/ periventricular
leukomalacia (HIE/PVL), seizure, intracranial hemorrhage/periventricular hemorrhage
(ICH/PVH), asphyxia, or perinatal death as recorded in the medical record and
supplemented with discharge ICD-9 diagnoses. Not all sites reported all of the outcomes, so
individual analyses of secondary outcomes were limited to those sites where reported.

We included singleton births (n=223,394) delivering = 36 weeks of gestation (n=206,920).
The following were then excluded: nonvertex presentation (n=26,382), antepartum stillbirth
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prior to the onset of labor (n=238), prior uterine scar (n= 21,604) and congenital anomalies
(n=8901). Cervical exams prior to vaginal delivery were < 10cm for 22,291 and missing for
3461 deliveries, and cervical examinations prior to cesarean delivery were < 10 cm for
13,772 and missing for 6779 deliveries leaving a total of 103,492 deliveries with a cervical
dilation of 10 cm recorded in the medical record. We excluded 77 (0.2%) deliveries with a
2"d stage > 12 hours as these were considered most likely to be an error The final analysis
included 43,810 nulliparous and 59,605 multiparous deliveries.

Maternal, obstetric, and neonatal characteristics and outcomes were compared using either
linear (continuous or categorical variables) or logistic (binary variables) regression with
generalized estimating equations to account for multiple pregnancies contributed by the
same woman. Results are presented as P values or odds ratios (ORs). Adjusted odds ratios
(AOR) for outcomes were also calculated controlling for maternal race, BMI, insurance, and
region. All statistical analyses were performed using SAS 9.3 software (SAS Institute Inc.,
Cary, North Carolina, US).

Of the 43,810 nulliparous women, 81.4% had an epidural and 10.6% delivered after a
prolonged second stage. Of the 59,605 multiparous women, 72.9% had an epidural and 3.9%
delivered after a prolonged second stage. (Table 1) For the women delivering after a
prolonged second stage, the majority delivered within the subsequent hour. Women who
delivered after a prolonged second stage on average tended to be older and have a slightly
higher BMI only if they had an epidural (Table 2). A lower proportion of women delivered
after a prolonged second stage at non-teaching community hospitals. Women without an
epidural presented with more favorable cervical examinations on admission and received
less oxytocin (Table 2).

Vaginal delivery after prolonged second stage for nulliparous women with epidural was
79.9% versus 97.9% for women delivering within guidelines, P <.001; without epidural
87.0% versus 99.4% for prolonged versus within guidelines, P<.001, which remained
significant after adjustment (Figure 1, Panel A). Rates of operative vaginal delivery for
women who delivered after a prolonged second stage were at least 2-fold higher for
nulliparous women (with an epidural, prolonged second stage versus within guidelines
23.0% versus 12.2%, P<.001; AOR 2.23 (95%CI 2.04-2.45) and without epidural,
prolonged second stage versus within guidelines 16.0% versus 6.2%, P <.001; AOR 2.89
(95%CI 2.30-3.63) (Figure 1, Panel B). Cesarean deliveries in the second stage for women
after a prolonged second stage were more likely to be performed for indications of dystocia
or cephalopelvic disproportion instead of non-reassuring fetal heart rate tracing (Table 3).

Composite maternal morbidity was higher for nulliparous women with an epidural who
delivered after prolonged second stage [8.4% versus 6.1%, P<.001; AOR 1.42(95%CI 1.25—
1.62)] (Figure 1, Panel C). Specific morbidities were increased for nulliparous women who
delivered after a prolonged second stage with an approximately 3-fold higher rate of
chorioamnionitis as well as increased odds of episiotomy, 3 or 4! degree perineal
laceration, and a one day longer median hospital stay (Table 3). Nulliparous women with an
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epidural who delivered after a prolonged second stage had additional increased rates of
endometritis [1.2% versus 0.4%, P<.001; AOR 3.21 (95%CI 2.25-4.57)], wound separation
[0.2% versus 0.02%, P<.001; AOR 12.13 (95%CI 3.63-40.46)], and postpartum hemorrhage
[5.9% versus 3.7%, P<.001; AOR 1.50 (95% CI 1.27-1.78)], but a lower rate of maternal
ICU admission (0.2% versus 0.5%, P=.048) that did not remain significant after adjustment
[AOR 0.49 (95%CI 0.20-1.21)] (Table 2). Nulliparous women without an epidural who
delivered with a prolonged second stage had a higher rate of postpartum hemorrhage (5.1%
versus 3.9%, P=.04) that did not remain significant after adjustment [AOR 1.25 (95%ClI
0.87-1.80)] (Table 3).

In multiparous women with a prolonged second stage compared to women who delivered
within guidelines, vaginal delivery occurred in 88.7% versus 99.7% (P<.001) of women
with an epidural and 96.2% versus 99.9% (P<.001) of multiparous women without an
epidural which remained significant after adjustment (Figure 1, Panel A). Rates of operative
vaginal delivery for women who delivered after a prolonged second stage were at least 3-
fold higher (with an epidural, prolonged second stage versus within guidelines 9.5% versus
3.8%, P<.001; AOR 3.26 (95%CI 2.66-3.99) and without epidural, prolonged second stage
versus within guidelines 4.6% versus 1.4%, P <.001; AOR 3.20 (95%CI 2.12-4.83)) (Figure
1, Panel B).

Composite maternal morbidity rates were not higher for multiparous women with prolonged
second stage overall, but there was an increased odds for multiparous women with an
epidural after adjustment (AOR 1.52 (95%CI 1.17-1.97) (Figure 1, Panel C). Multiparous
women who delivered with prolonged second stage regardless of epidural status had higher
rates of chorioamnionitis, and higher odds of postpartum hemorrhage and 3" or 4" degree
perineal laceration after adjustment.

Overall, composite neonatal morbidity rates for deliveries with prolonged second stage were
11% for nulliparous women and 9% for multiparous women, which were approximately 2—
3% higher absolute rates compared to deliveries within guidelines (Figure 1, Panel D).
Neonates born after a prolonged second stage were also 1.35 to 1.85-fold more likely to be
admitted to the NICU (Tables 3 and 4). Rates of neonatal sepsis were approximately double
for nulliparous women with prolonged second stage regardless of epidural. Additionally, for
deliveries with prolonged second stage, neonates had an approximately 2.5-fold increased
odds of 5 minute Apgar score < 4 for nulliparous women and multiparous women with an
epidural (Tables 3-4). In multiparous women without an epidural, shoulder dystocia was
higher (2.2% versus 1.7%, AOR 1.78 (95%CI 1.02-3.09). The rates of ICH/PVH were
increased for nulliparous women who delivered after prolonged second stage without an
epidural (0.3% versus 0.1%, P=.044; OR 4.67 (95% CI 1.04-20.90), although the outcome
was too rare for an adjusted analysis. Asphyxia rates were increased for nulliparous women
who delivered after prolonged second stage with an epidural [0.3% versus 0.1%, P=.024;
AOR 2.39 (95%CI 1.22-4.66)]. Asphyxia rates were not different for multiparous women
who delivered outside the guidelines, regardless of epidural status.

Perinatal mortality was a rare outcome and for deliveries with an epidural was not different
for women after prolonged second stage for either parity. For deliveries without an epidural,
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perinatal mortality was increased for women after prolonged second stage in both
nulliparous women [0.18% versus 0.04%, AOR 5.92 (95%CI 1.43-24.51)] and multiparous
women [0.21% versus 0.03%, AOR 6.34 (95%CI 1.32-30.34)].

In an analysis limited to nulliparous women with an epidural with a non-operative vaginal
delivery, for women who delivered with prolonged second stage we observed results in the
same direction although not all associations remained significant in this subset of women:
maternal composite outcome AOR 1.23 (95%CI 0.99-1.46, endometritis AOR 2.30 (95%ClI
1.27-4.15), postpartum hemorrhage AOR 1.45 (95%CI 1.15-1.83), chorioamnionitis AOR
2.63 (95%Cl 2.19-3.15), 3'4/4t™ degree laceration AOR 1.97 (95C1% 1.64-2.37), as well as
neonatal composite outcome AOR 1.39 (95%CI 1.17-1.65), shoulder dystocia (1.62 (95%ClI
1.17-1.65), 5 minute Apgar < 4 AOR 2.58 (95%ClI 1.07-6.17), NICU admission AOR 1.25
(95%CI 1.02-1.53) and neonatal sepsis AOR 2.01 (95%CI 1.39-2.91). These results suggest
that increased morbidity with prolonged second stage was not fully explained by the mode
of delivery.

DISCUSSION

In this large, U.S. multicenter cohort study, we found that maternal morbidity was increased
for deliveries with prolonged second stage. Given the large sample size in our study with
detailed clinical detail, we were also able to demonstrate an increased risk in neonatal
morbidity in all deliveries, most concerning for a 0.2% absolute increased risk of neonatal
asphyxia in nulliparous women with an epidural, and a 0.14% for nulliparous women and
0.18% for multiparous women increased risk in perinatal mortality for deliveries without an
epidural.

The vaginal delivery rates that we observed in deliveries for prolonged second stage
duration were similar to previously reported success rates from single institutions of 83% (9)
and 93% (11) of nulliparous women delivered vaginally within 3 hours and 90% (16) of
multiparous women delivered vaginally within 1-2 hours, although were not directly
comparable as those studies did not stratify by epidural status. Our vaginal delivery rates
were also similar to a secondary analysis of a clinical trial of fetal pulse oximetry trial where
88% of nulliparous women delivered within 3 hours, regardless of epidural status. (12)

Increased maternal morbidities were generally consistent with reports from previous studies
including postpartum hemorrhage, maternal febrile morbidity/infection and perineal trauma.
(4-10) It was reassuring that we did not observe significantly increased risks for other
serious maternal complications including need for blood transfusion, cesarean hysterectomy,
or ICU admission. Specific neonatal risks associated with a prolonged second stage similar
to previously reported included an increased risk of 5 minute Apgar score < 4 (except
nulliparous women without an epidural; note Apgar score < 7 in the literature) and neonatal
intensive care unit (NICU) admission (9-12). In contrast to studies that found no differences
in neonatal outcomes including more serious complications such as seizures or sepsis (4-8),
we observed a doubling of the rates of neonatal sepsis (except in multiparous women
without an epidural. Novel findings included an increased risk of neonatal asphyxia for
second stage of labor that exceeded College guidelines in nulliparous women, and a 6-fold
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increase in perinatal mortality for deliveries without an epidural even though overall
absolute rates for both outcomes were low (<0.5%).

The mechanism for increased morbidity cannot necessarily be attributed to the duration of
2"d stage, as the underlying reasons for longer duration may also contribute to morbidity.
For example, chorioamnionitis and increased fetal size are associated with both longer labor
duration and increased maternal and neonatal morbidity. (17-19) Complications may also
have been partly due to the increased in operative vaginal delivery, but our findings in a
sensitivity analysis that morbidity was increased even among nulliparous women with a
non-operative delivery indicates that prolonged duration of 2" stage may be an independent
risk for morbidity. (15) The reason that perinatal mortality was increased only in deliveries
without an epidural is also unknown, but perhaps prolonged second stage attributed to
epidural use is associated with less risk than prolonged second stage due to other pathways.

Our study was limited by lack of data on delayed versus active pushing which has been
shown to have a mean increase of 57 minutes in the second stage in a meta-analysis;
however, delayed pushing has been associated with increased maternal febrile morbidity and
decreased umbilical cord pH in some studies indicating that duration itself may be
important. (20) A randomized control trial of delayed versus active pushing would be useful
to study the impact on duration of second stage on maternal and neonatal outcomes There is
also the possibility that some of our findings were false positives given the large number of
comparisons. Caution is also warranted given the retrospective data and lack of information
on long term maternal outcomes including incontinence and childhood neurologic
impairment. Nonetheless, the major strength of our study was the large numbers from
multiple institutions across the U.S. with rich patient level data allowing us to investigate
rare neonatal morbidities at term.

We found that prolonged second stage was associated with highly successful vaginal
delivery rates, but with small increases in maternal and serious neonatal morbidity, as well
as perinatal mortality in deliveries without an epidural. However, it was reassuring that for
mothers with an epidural who comprised the large majority of our cohort, there was no
increased risk of perinatal death or HIE in association with prolonged second stage. Benefits
of vaginal delivery need to be weighed against increased maternal and neonatal risks when
considering duration of second stage outside College guidelines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Mode of Delivery and Neonatal Outcomes According to Duration of Second Stage in
Women by Parity and Epidural Status. A. Vaginal delivery; B. Nonoperative vaginal
delivery; C. Composite maternal morbidity; D. Composite neonatal morbidity. Prolonged
second stage as per American College of Obstetricians and Gynecologists guidelines was
defined as: for nulliparous women > 3 hours with epidural or > 2 hours without; multiparous
women > 2 hours with epidural or > 1 hour without. (15) Maternal composite morbidity
included postpartum hemorrhage, blood transfusion, cesarean hysterectomy, endometritis, or

Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.
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intensive care unit admission (ICU). Neonatal composite morbidity included shoulder
dystocia, 5 minute Apgar < 4, need for continuous positive airway pressure resuscitation or
higher, neonatal ICU admission, sepsis, pneumonia, hypoxic-ischemic encephalopathy/
periventricular leukomalacia, seizure, intracranial hemorrhage/periventricular hemorrhage,
asphyxia, or perinatal death. Error bars indicate 95% confidence intervals and asterisks are
for significance in the unadjusted models. All associations remained significant after
controlling for maternal race, BMI, insurance and region. (Note that unadjusted composite
maternal morbidity rates were not higher for multiparous women with prolonged second
stage, but there was a significantly increased odds for multiparous women with an epidural
after adjustment.)

Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



Page 12

Laughon et al.

*abe)s puooas pabuojoid Joy Buipeys anjq pue (GT) saulapinb sis160]028UAD pue sueIdLIRISAO 0 968]10D URILIBWY UIYIM BULIBAIISP USWOAA

SJ91BWINULD ‘WY

(tT0) 2z (900)0T (210)0Z  (¥0) 59 (z'1) 102 (T'v) €99 (6€6) EBT'ST  gg7'g7 ON
ToT1s Tz €0zt (Lo)Toe  (6T)Se8 Lo0t0e'e (CB8)VOL'8E  gep'ey  ssA snosedniniy
Cos woee DYIT vz  (1'8) 299 LeTRBELT  (Uv9)ele's  ger'g ON

o9z (0mese w18 (69corz LPYIEETs (LTI VOETT  (8EV)BTIST ,g9'ce  seA  snosedyinN

¢1019 9>019 §>0¢y $>01¢ €>01¢ ¢>017 1>010 [el0Ll  [eanpid3

(sanoH) A18A118@ 01 UOIIR|IQ [JIAIBD WD QT WOoIH uoneing

snye1s Jednpid3 pue Allied Aq abeiS puodas Jo uoieing 10} USWOAA JO JaquinN
Talqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



Page 13

Laughon et al.

100> | (29v) Tov'e | (8wv)ose's | 100> | (zvv) Lvse | (tvw)ose'e | 100> | (92v) TTve | (vew) otee | 100> | (1ev)ovy'e | (8ev)zge'e swresb —ybrem yuig uIogmeN
ISYEEI
9000 | (zT)€6E (e 16e | 100> | (2T)¥6E (em)oee | 100> | (2T)96€E (em)zee | 100> | (2T)S6E (c1) z6e — Kianjop 1e obe [euoneisso
Lero | (9es)oos | (66v)2es'L | 100> | (1€9)oss | (T'0L)66v'6C | 100> | (229)80L | (6'GS) vze's | 100> | (v'99) LvE'e | (S'0L) 8€9'CC UI0}AX0
(samusoiad 4106 ‘YIOT) LIP3
9000 | (0ot '05) 06 | (00T ‘'0S) 08 | TOO> | (00T '05) 08 | (00T ‘0S) 08 | 6050 | (00T ‘0S) 06 | (00T ‘0S) 06 | TOO'0 | (00T ‘0S) 08 | (0OT ‘0S) 08 — UOISSIWPE UO JUsWade3
(samnuaased 4106 ‘WOT)
100> | (0T'2) 2 (or'a2s | 100> (OrDV¥ (9me €600 (o1 Dv 617 100> | (S9'7)¢€ (S1e UBIPaIA - UOISSILUpE UO Uolie|la
2620 | (6ca)ste | (Lve)eol's | 100> | (52€)905 | (6%v) 188'8T | 0z0'0 | (8°7T€)6SE | (#'82) ¥66'T | 2960 | (T'cv) 98¥'T | (0'2v) 00S'ET Jogey jo uonanpuj
2180 w1 et (eT) 66T | TTOO (om vt (T2) €98 9200 (1) 2T (so)6LT | 60T0 | (e€)otT (8€) 622'T 13pJ0SIp aAISUsLRdAH
G0E0 1) €T (zT) 06T | 8200 (e1) L1 (6'0) 85¢ 199'0 (20)8 (90) zv 100> (e'T) ov (50) 69T [euonelsabald
65T0 (8'v) ov (6'€) 965 | 2000 (6'9) 6L (Tv)seL't | 8210 (9¢) v (82) 261 | €900 | (6€) LT (€'€) §50'T feuonelseb - saeqeIq
suonealjdwoo Aoueubaid
(rom)zot | (Lo1)2e9'T (Le1) 59z | (T'T1) L89'Y (e'6) S01 (£01) 052 (921)129 | (T'ST)2v8'y Lo}
(0L2)9sz | (v8€) Le8's (9ge) sve | (0'92) ev6'0T (L'ze) 152 | (@Le)v19'C (9ee) ee8 | (e'92) 8ev's Aed yj3s 10 2110nd
(ez9) 265 | (6'05) 0622 (8v5)8eL | (6'29) 859z (0'89) 892 | (128) 6S9'E (689) 620z | (2'89) ¥¥8'8T ajeALd
700> 700> 700> 62€°0 soueInsU|
(8'6) €6 (9°9) z00'T (6'9) €6 (¢5) 89t'C (6'6) 21T (¥'8) L85 (LD eLe (52 otv'e UMoUNUN/_YI0
(6'9) 95 (T'v) 629 (z'g) oL (T'e) 662'T (0'6) 20T (29) Tov (8'9) €02 (8') ¥ES'T siapue|s] dl19ed/UelsY
(rgm)eLt | (852) 126'E (0tz)zge | (6'ST)0L9'9 (evT) 19T | (8°02) 6SV'T (tot)oss | (191)SsT'S oluedsiH
(992) €5z | (z'ge) ees'e (261) 592 | (S¥T) ¥60'9 (6'91) T6T | (9'92) £98'T (@) Tty | (2'91) 902'S 9e|q d1uedsiH-UoN
(968) 9.8 | (e8¢) veg's (eLv)8e9 | (¥'19) LG8'Se (6'6v) ¥95 | (9'8€) 60L'C (8'85) LL0T | (5'5S) 618'LT 3Nym 91uedsIH-UON
100> 700> 700> 2000 Aoruyia/eoey
G190 | (T9) 208 (69)g0oe | 100> | (T9)ETE (29) e0e 0620 | (1) 562 (we)eez | 100> | (r'S)ooe (8e'9) 562 /B — Kianijap 1e IINg
100> | (6'9) 9'6C (99) '8z | 100> | (89 TOE (e5)88z | 100> | (29) 99z (L9)gee | 100> | (9Tl (99) L've s1eak — abe [euserelN
056 8vE'T 0ETT €eGe = U
= u abels 6Tg'sT=U = u abe1s 880°cy =u = u abels €z0L=U abels veree =u
pu02ss sauljapINg pu02ss sauljapINg pu02ss sauljepINg pu02ss sauljepINg
d pabuojo.d UIYUM d pabuojo.d UIYHA d pabuojo.d UM d pabuojo.d UM algelIeA
[eanpid3 Hmw%;m._o\,ﬁ\,u%egz_:_\,_ _E:u_gm_ﬁmw\_,\m,ﬂ%&:_s_\,_ [eanpid3 Swwﬁu,_w\nﬁzeg___:z _e%_Qu»%\,,wmw:ce&___:z

available in PMC 2015 July 01.

Obstet Gynecol. Author manuscript

snie1s Jeanpid3 pue Allied Ag sonsiiaoeleyd [eIRUOSN pue J11181SqQ ‘[eulalen
zalgeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 14

Laughon et al.

"Xapul ssew Apoq ‘[INg

‘eisdweos Jo ‘eisdwe]osald ‘uoisusiuiadAy [euoiyeisab sapnjoul Japlosip aAlsusadAH
"paly19ads asIMIBY10 SSajun (UOIBIASP pJepue)s) Ueall Jo (95) U aJte ereq

oy (g'9) 1€8 (T%) 85 (6°ST) ¥02'9 (TDer (82) 6T (T°9) ST2 (6°0T) ¥05' | Iendsoy Auunwwiod Buiyoesi-uoN
(T19) 085 | (2v¥) L2L'9 (6'6v) 2,9 | (209) TTT'TC (1'65) 899 | (#'s¥) S8T'E (2'2v) 999'T | (8'2¥) 2ve'sT [endsoy Anunuwiwos Buiyoes |
[endsoy
(58e)99¢ | (€09) 199°2 (Tov) 129 | (6°€€) €22'%T (8'6e) 05y | (6'19) ev9'e (8'9%) 259'T | (€TY) 8LT'ET Buiyoesy pareljige Ansisaiun
100> 100> 100> 0€0°0 adAy [endsoH
056 8re'T 0ETT gege=u
= u abe1s 6TZ'ST=U = u abels 880'zy =u = u abels gzoL=u abe1s yeree=u
pu02ss saullapINg pu02as sauljapINg pu02ss sauljapINg pu02ss sauljepIng
d paBuojoid Uy d pafuojoid UIYHA d pafuojoid UIYHA d pafBuojoid UIyHM a|qetdeA
(69T'9T=U) (9ep'ep=u) €5T'g=u 159'GE=U

leanpid3 1noyyA snodediniy

leanpid3 yuan snodednnin

leanpid3 1noypA snodedijinN

[eanpid3 yun snosedijinN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



Page 15

available in PMC 2015 July 01.

Obstet Gynecol. Author manuscript

- (1566 '6€°0) 22’9 | 96T°0 (To)t (to0) T o (zo0) s AA/AIH
(rss'ego)sre | (evv'sot)sre | 2e00 | (60)OT (¥°0) 62 (€9'7'89°0) SO'T (v'1'290) ¥60 | 0620 (L0)ve (£0) TET eluownaud
(Lzv'szT)vee | (122'00T)S9°T | 6¥00 (8'1) 02 (r1)os (0£'2'09'T) 80'C (orz'trm)sre | 100> (92) 26 (z'T) g6€ sisdag
(6vz'8e1) 8T | (czz'eeT)oLT | 100> | (978) L6 (Tg) 9se (09T '0¢'T) 6ET (tot'sen eyt | 100> | (2'8)8se (6'5) z68T uolssiwpe NJIN
(see'er'0)0zT | (60°€'09°0)9€T | T9V0 (90) L (50) ze (62'1'06°0) 22T (TLT'160062T | SLTO (cT) vy (01) 2ee Jayealf 10 dvdD 10} paaN
(60€ ‘Lc0) 160 | (Se2'62°0)€8°0 | ¥2LO o) v (70) og (e6'7 '6YT)TLT (6Tv'syT)6v'c | TOO> | (S0)8T (c0) 99 > rebdy anuiw-g
(60€'16'0)89°T | (L0'Z'0L0)02T | 0050 (1) 91 (1) 28 (8,'T'66°0) €€'T (69T '66'0) 0T | 9500 (6'1) €9 (§'1) 6V ©100)sAp Jap|noys

SBWI0JIN0 |eJeuoaN
(sajnuadsad
UI06 ‘YI0T) UBIPSIN
700> r'ae (ene 100> rae (e — Kess Jo yibuaj [endsoH
- (€8'0'50°0) 02'0 | 9200 (zo)z (6'0) 19 (ez'T'6%°0) LL°0 (80'T'ev'0) 890 | €0T°0 (9°0) 02 (8°0) 592 uorjesade| [eINISD
uoljeade|
(crz'veT) 9T | (2zz'er1)8LT | 100> | (6'6) CTT (8'9) 60V (502 '85'T) 08'T (902'€91) €8T | TOO> | (T'OT)8SE (8'9) €981 reautiad 93163p Uyy/pig
(ozt'0cm)ert | (rLT'veT)eST | T00> | (90ov) 65K | (60€) TLT2 | (06°0°9L°0) €80 (88'0'920)280 | 100> | (8'€€) €6TT | (€8¢ €T€CT (%) Aworoisid3
(0o (zo0) T (ov'ov ‘e9e) €T°2T | (S0'9€ '20°€) €¥°OT | 100> (zo)s (zo0) § uorjesedas punopn
(Sz91'61T°0) LL'T | (02€T'8T0) ¥S'T | ¥69°0 (coT (To)s (6L2'sv0)erT (eL2'ev0) 60T | 6580 (zo) s (c0) 8y uon2aul pUNoAA
(ev's'692) e8e | (eev'vea)8Te | 100> (99) €9 (8'1) 82T (ev'e '59'2) T0'E (Le'€'997) 00e | TOO> | (T'TT) 26E (o'v) 82t siiuojuwWeoLIoyd
(s21'80) 280 | (e€T'T€0) V90 | 2€ETO 18 () 1L (627 '€8'0) €0'T (sTT'520)€60 | 8050 (r'v) 66 (2'v) e001 uoisnysues |
(26€1'8T°0) 65T | (09'G'60°0) 220 | 0SL°0 (To)t (z0) ot (TZ'1'02°0) 6Y°0 (660 'LT0) OV'0 | 8v0°0 (z0o)s (s0) viT uoissiwpe NI
(¥1'96 ‘0£'0) 9€'G | (1566 ‘6€°0) 22’9 | 96T°0 (Tor (too) T - (95701 '9T°0) 0€'T | L080 (c00) T (c00) £ Awo1231915A Ueasesa)
(081280521 | (08T'T0T)SET | ¥¥0'0 (1) 8s (6'€) 122 (82'1'22T)0ST (98'T'2£T)09T | 100> | (6'9) 202 (2€) g0zt afeylioway wnpedisod
- (eov't0m) 9T | LVOO (L0)6 (80) 92 (905 ‘vv'2) ese (Lsv'sea)teze | 100> | (eTey (7o) ozt snuswWopul
S9W0IIN0 |eulsleln
(6'eT) 0eTT | (1°98) £20L (6'6) eese | (1°06) vZTCE u
(%) u (%) u (%) u (%) u
sinoy sanoy sanoy sinoy
< abers 25010 € < abers €5010
(12 %56) (12 %56) pu02as saulapINg (10 %56) (12 %56) puodas saullapIng
¥O pasnlpy 0 paisnlpeun d pabuojo.d UM O pasnlpy O pasnipeun d pabuojo.d Iy
[eanpid3 1noyuA snosedijinN [eanpid3 yuan snosediinn

Laughon et al.

snie1s eanpid3 Aq uawopn snosedijinN ul a6e1S puodss Jo uoneing 01 BuIpaoddy SBW0INQ [LIRUOSN PUR [eUJIRIA
g€9l|qelL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript




Page 16

'solred Sppo palsnipe aje|nojed 0} siaquinu Ma) 00) pey sasAjeue awos ‘uolbal pue ‘sduelnsul ‘|G ‘ANo1UY18/a0R) [euIaewW o) paisnipe sasAjeuy

QD 10} W 000T< pue AIaAIIap [eulBeA 1oj |w 0OG < SSO| POO|q payewniss se pauljsp abeysiowsy wnuedisod

"MOJaq Paisi| S3|geIIBA 8pN[oUl SBWOIINO 8}1S0dWOI [BIRUOBU PUB [euJaleln

‘abeyioway JenorLiusaLiad/ebeyliowsy [elueioenul

‘HAd/HDI ‘e1oeewoxna| JejnaruaALiad/Ayredoreydasua o1waydst-o1xodAy “JAd/AIH ‘ainssaid Aemure aA1sod SNONURUOD ‘dvdD ‘HUN a1ed BAISUSIUL ‘N {[eAI8IUI BOUSPIU0D ‘| ‘017l SPPO ‘YO

Laughon et al.

Buioe.) ares
(9€'0'20°0) 600 | (T2°0's0°0)0T'0 | TOO> | (9°€T) 02 (19 L2 (61°0'60°0) €T°0 (0z°0°0T°0) ¥T°0 | TOO™> (zD)1s (e'se) L2 ueay [e3sy Bulnssesi-UoN
uoinodoidsip
(WSt 'oed)ers | (WSTTTL2) 656 | T00> | (0T8) 6T (zev) 6T (eT'9'se°€) €5Y (s9s'1ee)zey | 100> | (6'98) 919 (5°09) 90v a1njadoreydad 1o e12018AQ
uorea1Ipul AJaAIjap Uealesa)
(sanusdsad
106 ‘YIOT) UBIpaIN
1560 Lme 8717)¢ 6,90 | (6'1)0€ (6'17)€C — Kess Jo yibus| NDIN
(15vz 'ev'1) 26'S | (9872 '69°0) STV | 6IT0 (81002 (v00) € (00 (€00) 0T Anfenow [ereuisd
(z2vT'00T) €8°€ | (92°0T ‘¥6°0) 2T°E | ¥90°0 o v (T0)8 (997 ‘z2'1) 6EC (TTr'orT)eTe | ¥200 (o1t (T0) L eIxAydsy
- (0602 '¥0'T) L9V | ¥¥0°0 (e0)e (T0v (9T°2'12°0) 29°0 (§5°Z°17°0) 60T | 0v80 (z0)9 (z'0) 08 HAd/HOI
- (€zvy '88°0) 22’9 | 8900 (zoz (€00) 2 (S6'Z '52°0) 58°0 (€6'2'L€0) 0T | 2v60 (To) v (T0) g ainzies
(%) u (%) u (%) u (%) u
sinoy sinoy sinoy sinoy
Z < 8be1s 75010 € < abe1s £5010
(10 %S6) (10 %56) puoodss saulapINg (10 9%56) (10 %56) puodag saullapIng
d0 pasnlpy 0 pasnlpeun d pabuojoid UIyHA d0 pasnlpy 0 pasnipeun d pabuojoid Uy
leanpid3 1noypA snodedijinN leanpid3 yuan snodedijinN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



Page 17

available in PMC 2015 July 01.

Obstet Gynecol. Author manuscript

(o (0o o (0N AAd/AIH
(T¥'5'16°0) 99'T (ov'v '69°0)SL'T | 820 (S0 s (e0) 9v (e6'2'55°0) 22T | (wr2'vS0)STT | S2L0 (502 (s0) 16T eluownaud
(z8'€ '68'0) ¥8'T (c0€'280)29T | 8210 | (cT)T1T (2'0) 60T (soe's60) LT | (Log‘TtrT)G8T | 8100 | (2T)otT (90) 122 sisdag
(96’7 '€6°0) SE'T (6T'TTT)8Y'T | L0000 | (8'G)SS (0'%) 909 (€0z'ze1) 25T | (6T'ecT)SST | 100> | (2'9) ¥8 (T'v) 9eLT uolssiwpe NJIN
(50'9'90'T) €52 (99'¢'89'0) 8G'T | 2820 (90)9 (70) 19 (8v'z'89°0)0e'T | (6v2'vL0)9eT | oze0 | (80)TT (90) €5z 1ayealf 10 dvdD 10} paaN
(L9 'e6°0) 9v'C (r8'5'81'T) 29T | 6100 (202 (e0)ev (0e9'10T) 257 | (T0°9'€TT) 19T | %200 09 o)z > sefdy anuiw g
(60'€ '20T) 8L'T (c0z'180)82T | ¥620 | (2202 (21) 9ve (291'99°0) v0'T | (227'080)LTT | o0 | (2¢) 82 (6'7) 192 ©190)sAp J9pInoys
SBWI0JIN0 |eJeuosN
(sa|nuadsad
UI06 ‘YI0T) UBIPSIN
100> | (€Te (ene 100> | (rde (ene — Kess Jo yibuaj fendsoH
(LLT'€00) S2°0 (68'T'TT0) 9Y'0 | ¥82'0 (zo)z (50) 69 (coz'Lz0)sL0 | (1€2'6€0)G6'0 | €060 o) s (¥'0) 9T uojesade| [eINISD
uolyesade|
(66's'TLT) 02°€ (Lr'v'e9T) 0L | 1000 | (6T)8T (2'0) 80T (09'6'592)s8€ | (rs'zea)eee | 100> | (0°€) OF (80) Gee [eautiad 93163p Yyy/pig
(9e'2'9v'1) 98T (trz'zeneoe | 100> | (e61)e8T | (Som)T6ST | (02T T2 vvT | (L2T'96°0)0TT | 6510 | (c6T)6GC | (LL1) TEWL (%) Awoyoisidy
(o (Too) T o (c00) 9 uoryesedas punopn
(o (To)ot (re6'cT0)60T | (986°8T0)SET | TLLO (tor (To)ee UoNI94UI PUNO/
- (eLv'9TT) ¥VE'Z | 8100 (6'0) 6 (70) 29 (tog‘ove)sLy | (OUL'vee) 1e's | 100> | (6°€) 2§ (£0) g1 siiuojuwWeoLIoyd
(sv'z'€c0) 920 (evT'oT0) 870 | ¥8T°0 (onv (ce) Lee - (sotT'es0) vLo | 2600 | (2v)8e (£'5) 2891 uoisnysues |
(e0'v '£0°0) 250 (T6'€°20°0) €50 | L€5°0 (zo)t (€0) 9 (coz'8z’0)sL0 | (vSe'8r0)0eT | €090 (¥0) ¥ (co)etT uoissiwpe NI
(o (co0) € - (evve '0v0) 2T | 8L20 (Tot (c00) 01 AwoyaieisAy uearess)
(69'2'8TT)8LT (s6'T°26'0)8€'T | 000 | (8€)9e (8'2) €2 (0Tz'20T) 05T | (96T 20T)v¥'T | 81000 | (€°€) S (€2) g86 afeylioway wnpedisod
(o (To) vt (r95'e50) v2'T | (9¥'S'€50)0LT | 69€0 (toe (T0) 55 sisWopus
S9W0IIN0 |eulsleln
(6'5) 056 | (T'v6) 6TCST (Te)sver | (6'96) 8802y u
(%) u (%) u (%) u (%) u
sinoy sinoy sinoy sinoy
T < abers 15010 Z < obers 25010
(10 %56) (12 %56) pu02as saullapIng (12 %56) (12 %56) pu0das sauljapIng
d0 pasnlpy dO pasnlpeun d pabuojoid uIyHM d0 paisnlpy d0 pasnlpeun d pabuojoad UIYHA
[eanpid3 InoyupA snosedinninl [eanpid3 yun snosedninin

Laughon et al.

snie1s |eanpid3 Aq uswopn snosednniy ul abe1S puodas Jo uoneing 01 Buipioddy SaWoINQ [RIRUCAN PUe [RUISIBIA|
¥ 9lqel
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript




Page 18

Laughon et al.

'soljed Sppo paisnipe a1enajed 0} siaquunu Ma) 00} pey sasAjeur awos ‘uoibal pue adurinsul ‘|G ‘AlIo1UYIa/a0e) [eulalew 1oy paisnipe sasAjeuy

*AJSAIISP UBSIBSSD 10) [W 000T< PUe AIaAIIap [eulBeA 10) |Ww 0OG < SSO| POO|q pPayewss se pauljsp abeyliowsy wnuedisod

"MOJaq Paisi| S3|qeIIBA 8pN[oUl SBWOIINO 8}1SOdWOI [BIRUOBU PUB [eulaleln

“HUN 8182 AAISUSUI [eeUOBU ‘NN ‘eBeyiioway Jejnatiuaatiad/abeyliowsay felueldenul

‘HAd/HDI ‘eroefewoxna| Jenatuantiad /Ayredofeydasua a1wayasi-o1xodAy “TAd/IIH ‘e4nssald Aemure aAIsod SNONURUOD ‘ddD 1Un 81ed aAISUaIUL ‘N {[eAIIUI 3IUBPIIUOD ‘| ‘01l SPPO ‘YO

Buioe.) ares
(8€°0'00°0) ¥0°0 (zz0'900)TZ’0 | €100 | (822)0T (Lv9) 1T (te0's00)sT0 | (L€0°TT0)TZO | TOO> | (8€T) T2 (8'ev) €5 Leay [e3v) BuninsseauoN
uoinodoidsip
(e899¢ 's5°'1) 88'€Z | (288 ‘vz2) €6 | 2000 | (299) ¥z (o1me (s68'vs2) oLy | (LzL'sse)1ey | 100> | (9°22)8TT (97¥) vs a1njadoreydad 10 e12018AQ
uolrea1Ipul AJaAIjap Uealesa)
(sanusdsad
U106 ‘YIOT) UBIpBIN
1€80 | (GT'T)2 (TT'ne 100> | (8'T)S¢C (TT'1) 8°%¢ — Kess Jo yibus| NDIN
(veoe ‘zeT) ve'9 | (20€€'92'T) Sv'9 | G200 (tzo)z (e00) G (00 (e00) 2T Anfenow [ereunisd
- (€521 '02°0) 09T | €590 (Tot (To)ot (58'6'950) ¥z | (¥9'9'6£0) 09T | 9150 (To¢ (T'0) 6 eIxAydsy
0o (e00) ¥ - (91'8°27°0) G6'T | 65€°0 (T0)2 (To) ze HAd/HOI
- (€981 ‘'82°0) 62°C | 6EY0 (Tot (50°0) 2 (2811 'v2°0) L0 | (€L¥T'92°0)S6'T | LTG0 (ToT (#0°0) 91 ainzies
(%) u (%) u (%) u (%) u
sinoy sinoy sinoy sinoy
1 < 8be1s 15010 Z < sbe1s 75010
(10 %56) (10 %S6) puoodss saulppINg (10 %56) (10 %56) puodag saullapIng
O pasnlpy O pasnlpeun d pabuojoid UIyIMm d0 pasnipy d0 pasnlpeun d pabuojoid Uy
leanpid3 1noyyA snodediniy leanpid3 yupA snodedininiy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



