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Abstract
Objective—To evaluate the association between maternal medication use during pregnancy and
cerebral white matter damage and cerebral palsy (CP) among very preterm infants.

Study Design—This analysis of data from the ELGAN Study included 877 infants born <28
weeks gestation. Mothers were interviewed, charts reviewed, placentas were cultured and assessed
histologically, and children evaluated at 24 months corrected age. A diagnostic algorithm
classified neurologic findings as quadriparetic CP, diparetic CP, hemiparetic CP, or no CP.

Results—After adjustment for the potential confounding of disorders for which medications
might have been indicated, the risk of quadraparetic CP remained elevated among the infants of
mothers who consumed aspirin (OR=3.0, 95% CI 1.3,6.9) and non-steroidal anti-inflammatory
medications (NSAIDs) (OR=2.4, 95% CI 1.04,5.8). The risk of diparetic CP was also associated
with maternal consumption of an NSAID, but only if the consumption was not approved by a
physician (OR=3.5, 95% CI 1.1,11.0)

Conclusion—The possibility that aspirin and NSAID use in pregnancy could lead to perinatal
brain damage cannot be excluded.
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INTRODUCTION
Some obstetricians prescribe aspirin for recurrent miscarriage in the setting of
antiphospholipid antibody syndrome [1], and to reduce the risk of preeclampsia [2, 3], while
others have used indomethacin, a non-steroidal anti-inflammatory medications (NSAID), to
stop preterm uterine contractions or as a tocolytic to prevent preterm delivery[4].

In response to a 2007 survey conducted by the American College of Obstetricians and
Gynecologists, only 28% of clinicians considered aspirin safe for first trimester
consumption, while only 31% considered ibuprofen safe; in contrast, 94% considered
acetaminophen safe [5]. Most research on drug safety has focused on fetal malformations,.
Due to the association of inflammatory phenomena and markedly preterm birth, and the
relationships between preterm birth and brain damage [6–8], we sought to determine if there
is an association between over the counter NSAIDs and perinatal brain damage in these
infants born well before term. Maternal consumption of NSAIDS to reduce symptoms of
inflammatory processes may indicate the existence of such processes which might
themselves contribute to brain damage, or they may independently lead to brain damage. [9–
12].

In this paper, we assess to what extent maternal consumption of medications often used to
minimize symptoms of inflammation and infection are associated with white matter lesions
recognized on neonatal cranial ultrasound scans. We also assess the extent to which these
medications are associated with cerebral palsy (CP) subtypes two years later.

MATERIALS and METHODS
The ELGAN Study

The ELGAN study was designed to identify characteristics and exposures that increase the
risk of structural and functional neurologic disorders in ELGANs (the acronym for
Extremely Low Gestational Age Newborns) [13]. During the years 2002–2004, women who
delivered before the 28th post-menstrual week at 14 participating institutions in 11 cities in 5
states were asked to enroll in the study. The enrollment and consent processes were
approved by the institutional review boards of the participating institutions.

Mothers were approached for consent either upon antenatal admission or shortly after
delivery, depending on clinical circumstance and institutional preference. 1,249 mothers of
1,506 infants consented. Approximately 260 women were either missed or did not consent to
participate. Of the 1,205 infants who survived to age two, 1,056 (88%) had a neurologic
examination at approximately 24-months corrected age. Fully 877 children had complete
information on variables of interest and are the subjects of our analyses.

Demographic and pregnancy variables
After delivery, a trained research nurse interviewed each mother in her native language
about her socio-demographic, anthropometric, reproductive, and medical history (e.g.,
conditions and medications) using a structured data collection form. The mother’s report of
her own characteristics and exposures during pregnancy, as well as the sequence of events
leading to delivery were taken as valid, even when her medical record provided discrepant
information. Women who acknowledged consuming a medication were questioned as to
whether the medication was taken under the direction of her physician; these responses were
tabulated.
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Shortly after the mother's discharge, the research nurse reviewed the maternal chart using a
second structured data collection form. The medical record was relied on for establishing the
validity of events whose occurrence followed maternal admission to hospital.

The clinical circumstances that led to preterm delivery were operationally defined using data
from the maternal interview and data abstracted from the medical record [14]. Each mother/
infant pair was assigned to the category that described the primary reason for preterm
delivery.

Gestational age estimates were based on a hierarchy of the quality of available information.
Most desirable were estimates based on the dates of embryo retrieval, intrauterine
insemination, or fetal ultrasound before the 14th week (62%). When these were not
available, reliance was placed sequentially on a fetal ultrasound at 14 or more weeks (29%),
last menstrual period without fetal ultrasound (7%), and gestational age recorded in the log
of the neonatal intensive care unit (1%).

To describe fetal growth, we used the birth weight Z-score, defined as the number of
standard deviations the infant’s birthweight was above or below the median weight of
infants at the same gestational age in a standard data set.[15]

Placenta variables
Placentas were handled in a sterile manner from time of collection to biopsy. Eighty-two
percent of the samples were obtained within 1 hour of delivery. The microbiologic
procedures are described in detail elsewhere [16]. Briefly, the frozen samples were allowed
to thaw at room temperature, a portion approximately 1 cm squared was removed and
weighed, then diluted 1:10 with sterile phosphate buffered saline (PBS), homogenized and
aliquots plated on selective and non-selective media, including pre-reduced brucella-base
agar with 5% sheep blood enriched with hemin and vitamin K1, tryptic soy agar with 5%
sheep blood, chocolate agar, and A-7 agar. After incubation, the various colony types were
enumerated, isolated and identified by established criteria [17].

In keeping with the guidelines of the 1991 CAP Conference [18], representative sections
were taken from all abnormal areas as well as routine sections of the umbilical cord and a
membrane roll, and full thickness sections from the center and a paracentral zone of the
placental disc. After training to minimize observer variability, study pathologists examined
the slides for histologic characteristics listed on a standardized data form they helped create
[19, 20]. Placental inflammation consisted of any of the following: inflammation of the
chorionic plate of grade 3 (neutrophils up to amnionic epithelium) or stage 3 (>20
neutrophils/20x), moderate/severe chorioamnionitis (numerous large or confluent foci of
neutrophils), inflammation of umbilical cord (neutrophils in perivascular Wharton's jelly).
Infarcts were searched for, while syncytial knots in the chorionic villi were scored as
increased or not.

Protocol cranial ultrasound scans
Routine scans were performed by technicians at all study hospitals using digitized high
frequency transducers (7.5 and 10 MHz). Ultrasound scans included the six standard quasi-
coronal views and five sagittal views using the anterior fontanel as the sonographic window.
[21] The three sets of protocol scans were defined by the postnatal day on which they were
obtained (1: days 1–4; 2: days 5–14; 3: day 15-week 40). After creation of a manual and
data collection form, efforts to minimize observer variability included conference calls to
discuss aspects of images prone to different interpretations.[22] Templates of multiple levels
of ventriculomegaly were included in the manual. All ultrasound scans were read by two
independent readers, each at a separate institution, who were not provided clinical
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information. The images, usually as electronic images on a CD imbedded in the software
eFilm Workstation™ (Merge Healthcare/Merge eMed, Milwaukee, WI), were sent to a
sonologist at another ELGAN study institution for a second reading. The eFilm program
allowed the second reader to see what the first reader saw, and provided options to zoom and
alter gains. When the two readers differed in their recognition of moderate/severe
ventriculomegaly or an echolucent (hypoechoic) lesion, the films were sent to a third (tie-
breaking) reader who did not know what the earlier readers reported.

Cerebral palsy diagnosis
To standardize neurological examinations at all sites, a stand-alone, multimedia-training
video/CD-ROM was developed, based on elements of a standard neurological exam.[23]
The video/CD-ROM program had audiovisual teaching sequences, voice-over commentary,
graphics and text to organize the training and amplify key teaching points. The training
video provided instruction in the proper method of performing each item of the examination
and illustrated all possible findings. Additionally, the CD contained 6 sets of 20 video clips
for inter-observer testing purposes. Repeated testing resulted in 96% agreement with the
gold-standard pediatric neurologist assessment.

A diagnostic algorithm that assigned children to CP sub-types demonstrated how an
experienced pediatric neurologist might go about making a CP diagnosis in a young child
[24].

Data analysis
We evaluated the hypothesis that very preterm newborns whose mother consumed an
NSAID or acetaminophen during pregnancy were not at increased or decreased risk of white
matter lesions recognized on neonatal cranial ultrasound scans or of a CP sub-type at age 2
years. Although aspirin is an NSAID, we evaluated aspirin separately from other NSAIDs.

We did not know the specific indication for each medication consumed although we
collected information regarding disorders of pregnancy that might have prompted their use.
Our including antibiotics among the drugs consumed allows us to explore the contribution of
confounding by indication [25]. In essence, if consumption of an NSAID was merely a
marker of antenatal inflammation, and not in itself a brain-damaging exposure, then the risks
of brain damage following NSAID exposure could be compared to the risks of brain damage
following antibiotic consumption.

Similarly, we included acetaminophen among the drugs of interest because it provides
symptomatic relief comparable to that provided by NSAIDs, but unlike NSAIDs,
acetaminophen has no known anti-inflammatory capabilities. Consequently, comparing the
risks of brain damage following NSAID consumption to the risks following acetaminophen
consumption allows an assessment of the potential contribution of diminishing
inflammation.

In this sample, multi-fetal gestations did not have a higher risk of any CP diagnosis. Data
were therefore analyzed with the infant, rather than the mother, as the unit of analysis. Thus,
a mother of twins was counted twice, once for each newborn. Additional analyses to
determine the effect of including multiple infants from the same mother on variance
estimates did not significantly influence our findings.

We created Tables I through IV to help identify potential confounders. For example, were
women who consumed a medication more likely to have an inflamed placenta than women
who did not?, And similarly, were the newborns who developed ventriculomegaly more
likely to have an inflamed placenta than infants who did not? We calculated the probabilities
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(Fisher’s exact test) that column percents on the same line in adjacent columns occurred
randomly.

We created multivariable logistic regression models to identify the contribution of maternal
medication consumption to the infant’s risk of brain damage. We selected variables as
potential confounders if they were associated with both the exposure and the outcome in our
data with probabilities ≤ .30 [26]. We used multinomial (i.e., polytomous or polychotomous)
logistic regression to model the risk of the CP-subtype diagnosis because these diagnoses are
mutually exclusive and each is compared to the same referent group of children without any
CP diagnosis. The contributions of relevant variables are presented as adjusted odds ratios
(OR) with 95% confidence intervals (CI). Results are presented overall and stratified by
physician approval, in an effort to address the potential for confounding by indication.

RESULTS
Maternal demographic characteristics of medication consumption (Table I)

Overall, 25.9% of women in our sample consumed an antibiotic, 5.6% consumed aspirin,
7.2% consumed a NSAID, and 50.4% consumed acetaminophen during pregnancy.
Compared to their peers, women who were prescribed an antibiotic during pregnancy were
more likely to identify as Black, single, receiving Medicaid, and having a history of vaginitis
or a urinary tract infection. Women who consumed aspirin reported a lower prevalence of
being single, and receiving Medicaid than women who did not consume aspirin. Women
who consumed other NSAIDs were more likely to identify as Black, single, receiving
Medicaid, smoking, having less than a high school education, ingesting an antibiotic and
having a history of vaginitis during pregnancy than women who did not consume other
NSAIDs. Compared to women who did not consume acetaminophen during pregnancy those
who did reported a higher prevalence of consuming an antibiotic, and having a fever during
pregnancy. Women who were prescribed antibiotics during pregnancy were more likely to
be black, single, on Medicaid and to have had a history of vaginitis or a urinary tract
infection (UTI). Women who had taken aspirin were less likely to be single or on Medicaid
tha those who did not take aspirin. Women who had taken other NSAIDS were more likely
to be black, single, on Medicaid, and to have less than a high school education. In addition
they were more likely to have ingested antibiotics and to have had a history of vaginitis than
those who did not take other Women who had taken acetaminophen had also more
commonly taken an antibiotic during pregnancy and to have had a fever.

Delivery-related characteristics associated with medication consumption (Table II)
Women who consumed an antibiotic and who consumed aspirin during pregnancy each
reported a higher prevalence of cervical insufficiency than their counterparts. The placentas
of women who consumed aspirin had a lower prevalence of Mycoplasma but a higher
prevalence of histologic inflammation than the placentas of women who did not consume
aspirin. The placentas of women who took other NSAIDs had a higher prevalence of infarct
than the placentas of women who did not take NSAIDS.

Maternal demographic characteristics associated with indicators of brain damage (Table
III)

Children who developed quadriparetic CP were more likely to have prenatal exposure to an
antibiotic, aspirin, and other NSAIDs. Children who developed diparetic CP were also more
likely than others to have been exposed to a non-aspirin NSAID.
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Delivery-related characteristics associated with indicators of brain damage (Table IV)
Children who developed ventriculomegaly or an echolucent lesion were more likely than
others to have been delivered following preterm labor and less likely to have been born to
women who had preeclampsia or placenta abruption. Children who developed an echolucent
lesion, quadriparetic CP, or diparetic CP were more likely than others to have had a placenta
that was more likely to be infected aerobe or an anaerobe. Only children who developed
diparetic CP were more likely have had a placenta that harbored Mycoplasma species. The
placentas of children who developed an echolucent lesion or developed diparetic CP were
more likely to be inflamed than the placentas of other children.

Risks of indicators of brain damage associated with drug exposures (Table V)
After adjusting for potential confounders (identified at the bottom of Table V), none of the
four drug exposures were associated with increased risk of cerebral white matter damage, or
of hemiparetic CP. Children were at increased risk of quadriparetic CP if exposed to aspirin
(OR=3.0, 95% CI, 1.3–6.9) and if exposed to other NSAIDs (OR=2.4, 95% CI 1.04–5.8).
The risk of diparetic CP was increased only among children whose mother consumed an
NSAID without approval from a medical care provider (OR=3.5, 95% CI 1.1–11.0).

COMMENT
The purpose of this analysis was to examine the relationship between maternal medication
use and the risk of cerebral white matter damage and CP diagnosis among children born
before the 28th post-menstrual week. We found that the risk of quadriparetic and diparetic
CP was elevated among infants whose mother consumed NSAIDs during pregnancy, even
after adjustment for potential confounders. To our knowledge, we are the first to identify
these associations in a well characterized population, with a large sample of extremely low
gestational age infants.

Aspirin and other NSAIDs might be surrogates for pregnancy correlates that increase the
risk of CP diagnoses. Alternatively, these drugs might contribute to fetal brain damage. We
consider both possibilities.

In this sample, gravidas who consumed aspirin were more likely than other women to have
had a placenta that was inflamed and harbored an anaerobe, while women who consumed
other NSAIDs were more likely than others to have had vaginitis during the pregnancy.
These observations prompt the view that consumption of NSAIDs in our sample is merely a
surrogate for inflammatory phenomena capable of damaging the fetal brain, and not in the
causal chain. Despite our efforts to minimize such confounding, we recognize that residual
confounding may have occurred, and therefore might account for some of what we found.

In contrast to our findings, a recent study found that low dose aspirin was not significantly
associated with cerebral lesions or CP among infants born before 33 weeks gestation [27].
Additionally, the randomized CLASP study found that antenatal aspirin had no effect on
neurologic outcomes [28].

The basic science literature provides support for brain-damaging effects of NSAIDs, as well
as for brain-protection effects. By decreasing the availability of anti-inflammatory cytokines
IL-4 and IL-10 [10]. NSAIDs have the potential to exacerbate inflammation. In addition,
ibuprofen significantly increased the size of the cerebral infarct in a rat model of stroke [11]
while, indomethacin increased the proportion of animals displaying neuronal damage in a rat
model of cerebral hypoperfusion [12].
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In contrast, NSAIDs might be beneficial. Prostaglandin synthesis results in compounds that
have the capacity to exacerbate brain-damaging processes [27,31,32,33]. By virtue of their
ability to interfere with prostaglandin synthesis, NSAIDs have the capacity to minimize such
potential damage. NSAIDs also have the capacity to diminish damage associated with
excitotoxicity [36]. In humans, low-dose aspirin given prenatally to women with a history of
placental vascular disease was not followed by an increased risk of brain damage in the very
preterm newborn, and the reduced risk of neurobehavioral outcomes approached statistical
significance [27].

While some may view CP as a homogeneous entity [34,35], we do not. In the ELGAN Study
sample, the clinical correlates [24], as well as some antecedents differ among the three
phenotypes [6 and 7]. Thus, our finding that maternal consumption of NSAIDs is associated
with just one phenotype (i.e., quadriparetic CP) is not surprising.

We recommend caution in drawing inferences based on our one study, as unpublished
studies might have found that NSAID consumption by gravidas is not associated with any
increase in perinatal brain damage.

Our study is subject to several limitations. Although our sample consisted of 877 newborns,
it included only 88 children who developed ventriculomegaly, 59 with an echolucent lesion,
52 with an eventual diagnosis of quadriparetic CP, 31 with a diagnosis of diparetic CP, and
only 16 considered to have hemiparetic CP. The second limitation is that as this is an
observational study, we cannot distinguish between association and causation. Third, the
consumption of a medication for a symptom that might have been associated with a disorder
in the causal chain leading to perinatal brain damage makes our study prone to confounding
by indication. Despite our best efforts to minimize this confounding, we might not have
eliminated it entirely [25]. Perhaps equally important is our not having assessed the timing,
indication, or dosage of over-the-counter medications.

On the other hand, our study has several strengths. First, we evaluated both sonographically-
defined diffuse and focal perinatal brain damage, as well as multiple CP phenotypes.
Second, attrition in the first two years was modest, with 88% of eligible children having a
diagnostic neurologic examination. Third, we selected infants based on gestational age, not
birth weight, in order to minimize confounding due to factors related to processes associated
with fetal growth restriction (and the relative absence of inflammation) [29]. Fourth, we
collected all of our data prospectively. Fifth, examiners were not aware of the medical
histories of the children they examined, thereby minimizing “diagnostic suspicion bias”[30].
Sixth, we minimized observer variability as best we could in the interpretation of ultrasound
scans [22], and the conduct of the neurologic exam [24]. Seventh, we used an algorithm to
classify the CP phenotypes uniformly [23].

In conclusion, we found that maternal consumption of aspirin and NSAIDs during
pregnancy were associated with increased risk of quadriparetic CP among infants born
before the 28th post-menstrual week. Since, to our knowledge, we are the first to identify
this association, we encourage others to search for confirmation or refutation of our findings.

Acknowledgments
The authors gratefully acknowledge the contributions of our subjects and their families.

This study was supported by a cooperative agreement with the National Institute of Neurological Disorders and
Stroke (5U01NS040069-05) and by a center grant award from the National Institute of Child Health and Human
Development (NIH-P30-HD-18655). The authors gratefully acknowledge the contributions of their subjects, and
their subjects’ families, as well as those of their colleagues.

Tyler et al. Page 7

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Abbreviations

CP Cerebral palsy

ELGAN Extremely low gestational age newborn

NSAID Non-steroidal anti-inflammatory medications

Participating institutions (site principal investigators, sonologists,
developmental examiners)

Baystate Medical Center, Springfield MA (Bhavesh Shah, Frederick Hampf, Herbert
Gilmore)

Beth Israel Deaconess Medical Center, Boston MA (Camilia R. Martin, Jane Share)

Brigham & Women's Hospital, Boston MA (Linda J. Van Marter, Sara Durfee)

Children’s Hospital, Boston MA (Alan Leviton, Kirsten Ecklund, Janet S. Soul, Adré
Duplessis, Cecil Hahn, Haim Bassan)

Massachusetts General Hospital, Boston MA (Robert Insoft, Sjirk Westra, Kalpathy
Krishnamoorthy)

New England Medical Center, Boston MA (Cynthia Cole/John Fiascone, Roy McCauley,
Paige T. Church, Cecelia Keller, Karen Miller)

U Mass Memorial Health Center, Worcester, MA (Francis Bednarek, Jacqueline Wellman,
Robin Adair, Richard Bream, Alice Miller, Albert Scheiner, Christy Stine)

Yale-New Haven Hospital, New Haven CT (Richard Ehrenkranz, Elaine Romano)

Forsyth Hospital, Baptist Medical Center, Winston-Salem NC (T. Michael O’Shea, Barbara
Specter, Lisa Washburn, Robert Dillard, Cherrie Heller)

University Health Systems of Eastern Carolina, Greenville NC (Stephen Engelke, Ira Adler,
Scott S. MacGilvray, Sharon Buckwald)

North Carolina Children's Hospital, Chapel Hill NC (Carl Bose, Lynn Fordham, Diane
Marshall, Kristi Milowic, Carol Hubbard)

DeVos Children's Hospital, Grand Rapids MI (Mariel Portenga, Bradford W. Betz, Steven
Bezinque, Joseph Junewick, Wendy Burdo-Hartman, Lynn Fagerman, Kim Lohr, Dinah
Sutton)

Sparrow Hospital, Lansing MI (Padmani Karna, Ellen Cavenagh, Victoria J. Caine, Nicholas
Olomu)

Michigan State Univeristy, E Lansing MI (Nigel Paneth)

University of Chicago Hospital, Chicago IL (Michael D. Schreiber, Kate Feinstein, Sunila E.
O’Connor, Leslie Caldarelli)

William Beaumont Hospital, Royal Oak MI (Daniel Batton, Chung-ho Chang, Melisa Oca)

Tyler et al. Page 8

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Kaandorp S, Di Nisio M, Goddijn M, Middeldorp S. Aspirin or anticoagulants for treating recurrent

miscarriage in women without antiphospholipid syndrome. Cochrane Database Syst Rev. 2009;
(1):CD004734. [PubMed: 19160241]

2. Barton JR, Sibai BM. Prediction and prevention of recurrent preeclampsia. Obstet Gynecol. 2008;
112(2 Pt 1):359–372. [PubMed: 18669736]

3. Druzin ML, Charles B, Johnson AL. Editorial summary of symposium on hypertensive disorders of
pregnancy. Curr Opin Obstet Gynecol. 2008; 20(2):91. [PubMed: 18388804]

4. Berghella V, Prasertcharoensuk W, Cotter A, Rasanen J, Mittal S, Chaithongwongwatthana S, et al.
Does indomethacin prevent preterm birth in women with cervical dilatation in the second trimester?
Am J Perinatol. 2009; 26(1):13–19. [PubMed: 19021101]

5. Morgan MA, Cragan JD, Goldenberg RL, Rasmussen SA, Schulkin J. Obstetrician-gynaecologist
knowledge of and access to information about the risks of medication use during pregnancy. J
Matern Fetal Neonatal Med. 2010; 23(10):1143–1150. [PubMed: 20218819]

6. McElrath TF, Allred EN, Boggess KA, Kuban K, O'Shea TM, Paneth N, et al. Maternal antenatal
complications and the risk of neonatal cerebral white matter damage and later cerebral palsy in
children born at an extremely low gestational age. Am J Epidemiol. 2009; 170(7):819–828.
[PubMed: 19713285]

7. Leviton A, Allred EN, Kuban KC, Hecht JL, Onderdonk AB, O'Shea TM, et al. Microbiologic and
histologic characteristics of the extremely preterm infant's placenta predict white matter damage and
later cerebral palsy. the ELGAN study. Pediatr Res. 2010; 67(1):95–101. [PubMed: 19745780]

8. Burd I, Balakrishnan B, Kannan S. Models of fetal brain injury, intrauterine inflammation, and
preterm birth. Am J Reprod Immunol. 2012; 67(4):287–294. [PubMed: 22380481]

9. Candelario-Jalil E, Fiebich BL. Cyclooxygenase inhibition in ischemic brain injury. Curr Pharm
Des. 2008; 14(14):1401–1418. [PubMed: 18537663]

10. Kushima K, Sakuma S, Furusawa S, Fujiwara M. Prenatal administration of indomethacin
modulates Th2 cytokines in juvenile rats. Toxicol Lett. 2009; 185(1):32–37. [PubMed: 19100820]

11. Cole DJ, Patel PM, Reynolds L, Drummond JC, Marcantonio S. Temporary focal cerebral
ischemia in spontaneously hypertensive rats: the effect of ibuprofen on infarct volume. J
Pharmacol Exp Ther. 1993; 266(3):1713–1717. [PubMed: 8371169]

12. Institoris A, Farkas E, Berczi S, Sule Z, Bari F. Effects of cyclooxygenase (COX) inhibition on
memory impairment and hippocampal damage in the early period of cerebral hypoperfusion in
rats. Eur J Pharmacol. 2007; 574(1):29–38. [PubMed: 17719573]

13. O'Shea TM, Allred EN, Dammann O, Hirtz D, Kuban KC, Paneth N, et al. The ELGAN study of
the brain and related disorders in extremely low gestational age newborns. Early Hum Dev. 2009;
85(11):719–725. [PubMed: 19765918]

14. McElrath TF, Hecht JL, Dammann O, Boggess K, Onderdonk A, Markenson G, et al. Pregnancy
disorders that lead to delivery before the 28th week of gestation: an epidemiologic approach to
classification. Am J Epidemiol. 2008; 168(9):980–989. [PubMed: 18756014]

15. Yudkin PL, Aboualfa M, Eyre JA, Redman CW, Wilkinson AR. New birthweight and head
circumference centiles for gestational ages 24 to 42 weeks. Early Hum Dev. 1987; 15(1):45–52.
[PubMed: 3816638]

16. Onderdonk AB, Hecht JL, McElrath TF, Delaney ML, Allred EN, Leviton A, et al. Colonization of
second-trimester placenta parenchyma. Am J Obstet Gynecol. 2008; 199(1):52 e1–52 e10.
[PubMed: 18313635]

17. Murray, P.; Baron, E.; Jorgensen, J.; Pfaller, M. Manual of Clinical Microbiology. 8th ed..
Washington DC: ASM Press; 2003.

18. Driscoll SG, Langston C. College of American Pathologists Conference XIX on the Examination
of the Placenta: report of the Working Group on Methods for Placental Examination. Arch Pathol
Lab Med. 1991; 115(7):704–708. [PubMed: 2064531]

19. Hecht JL, Onderdonk A, Delaney M, Allred EN, Kliman HJ, Zambrano E, et al. Characterization
of chorioamnionitis in 2nd-trimester C-section placentas and correlation with microorganism
recovery from subamniotic tissues. Pediatr Dev Pathol. 2008; 11(1):15–22. [PubMed: 18237241]

Tyler et al. Page 9

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



20. Hecht JL, Allred EN, Kliman HJ, Zambrano E, Doss BJ, Husain A, et al. Histological
characteristics of singleton placentas delivered before the 28th week of gestation. Pathology. 2008;
40(4):372–376. [PubMed: 18446627]

21. Teele, RSJ. Ultrasonography of infants and children. Philadelphia: Saunders; 1991.

22. Kuban K, Adler I, Allred EN, Batton D, Bezinque S, Betz BW, et al. Observer variability assessing
US scans of the preterm brain: the ELGAN study. Pediatr Radiol. 2007; 37(12):1201–1208.
[PubMed: 17901950]

23. Kuban KC, O'Shea M, Allred E, Leviton A, Gilmore H, DuPlessis A, et al. Video and CD-ROM as
a training tool for performing neurologic examinations of 1-year-old children in a multicenter
epidemiologic study. J Child Neurol. 2005; 20(10):829–831. [PubMed: 16417880]

24. Kuban KC, Allred EN, O'Shea M, Paneth N, Pagano M, Leviton A, et al. An algorithm for
identifying and classifying cerebral palsy in young children. J Pediatr. 2008; 153(4):466–472.
[PubMed: 18534210]

25. Bosco JL, Silliman RA, Thwin SS, Geiger AM, Buist DS, Prout MN, et al. A most stubborn bias:
no adjustment method fully resolves confounding by indication in observational studies. J Clin
Epidemiol. 2010; 63(1):64–74. [PubMed: 19457638]

26. Dales LG, Ury HK. An improper use of statistical significance testing in studying covariables. Int J
Epidemiol. 1978; 7(4):373–375. [PubMed: 744677]

27. Marret S, Marchand L, Kaminski M, Larroque B, Arnaud C, Truffert P, et al. Prenatal low-dose
aspirin and neurobehavioral outcomes of children born very preterm. Pediatrics. 2010;
125(1):e29–e34. [PubMed: 20026499]

28. Low dose aspirin in pregnancy and early childhood development: follow up of the collaborative
low dose aspirin study in pregnancy. CLASP collaborative group. Br J Obstet Gynaecol. 1995;
102(11):861–868. [PubMed: 8534620]

29. Arnold CC, Kramer MS, Hobbs CA, McLean FH, Usher RH. Very low birth weight: a problematic
cohort for epidemiologic studies of very small or immature neonates. Am J Epidemiol. 1991;
134(6):604–613. [PubMed: 1951265]

30. Sackett DL. Bias in analytic research. J Chronic Dis. 1979; 32(1–2):51–63. [PubMed: 447779]

31. Takemiya T, Matsumura K, Sugiura H, Maehara M, Yasuda S, Uematsu S, et al. Endothelial
microsomal prostaglandin E synthase-1 exacerbates neuronal loss induced by kainate. J Neurosci
Res. 2010; 88(2):381–390. [PubMed: 19658194]

32. Takemiya T, Matsumura K, Sugiura H, Yasuda S, Uematsu S, Akira S, et al. Endothelial
microsomal prostaglandin E synthase-1 facilitates neurotoxicity by elevating astrocytic Ca2+
levels. Neurochem Int. 2011; 58(4):489–496. [PubMed: 21219953]

33. Takemiya T, Matsumura K, Yamagata K. Roles of prostaglandin synthesis in excitotoxic brain
diseases. Neurochem Int. 2007; 51(2–4):112–120. [PubMed: 17629358]

34. Colver AF, Sethumadhavan T. The term diplegia should be abandoned. Arch Dis Child. 2003;
88(4):286–290. [PubMed: 12651747]

35. Hurvitz EA, Brown SH. The terms diplegia, quadriplegia, and hemiplegia should be phased out.
Dev Med Child Neurol. 2010; 52(11):1070. [PubMed: 20846158]

36. Leroux P, Hennebert C, Catteau J, Legros H, Hennebert O, Laudenbach V, et al. Neuroprotective
effects vary across nonsteroidal antiinflammatory drugs in a mouse model of developing
excitotoxic brain injury. Neuroscience. 2010; 167(3):716–723. [PubMed: 20188153]

Tyler et al. Page 10

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tyler et al. Page 11

Ta
bl

e 
I

C
ol

um
n 

pe
rc

en
ts

 o
f 

m
at

er
na

l d
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

am
on

g 
co

ns
um

er
s 

of
 4

 g
ro

up
s 

of
 d

ru
gs

 d
ur

in
g 

pr
eg

na
nc

y.

M
at

er
na

l c
ha

ra
ct

er
is

ti
c

A
nt

ib
io

ti
c

A
sp

ir
in

N
SA

ID
*

A
ce

ta
m

in
op

he
n

R
ow

 N
Y

es
N

o
Y

es
N

o
Y

es
N

o
Y

es
N

o

A
nt

ib
io

tic
37

29
39

29
36

24
26

2

A
sp

ir
in

7
5

8
5

5
6

49

N
SA

ID
*

10
6

10
7

6
8

64

A
ce

ta
m

in
op

he
n

60
46

45
51

44
51

44
2

B
la

ck
35

23
19

27
48

25
24

30
23

3

H
is

pa
ni

c
9

12
8

11
5

11
7

14
95

M
at

er
na

l a
ge

  <
 2

1
16

12
6

14
13

13
10

16
11

5

(y
rs

) 
   

   
   

   
  >

35
21

20
20

20
14

20
22

17
17

4

Pr
im

ig
ra

vi
da

40
42

33
42

33
42

40
42

36
0

E
du

ca
tio

n 
   

<
 1

2
49

40
35

43
58

42
39

47
37

3

(y
rs

) 
   

   
   

   
>

16
26

38
38

34
14

36
33

36
30

0

Si
ng

le
52

36
31

41
58

39
37

44
35

6

M
ed

ic
ai

d 
re

ci
pi

en
t

50
33

29
39

63
37

36
40

33
7

C
ig

ar
et

te
 s

m
ok

er
17

11
14

13
31

11
15

10
11

2

Pr
e-

pr
eg

na
nc

y 
B

M
I 

≥ 
30

23
20

22
21

25
20

22
19

18
0

Fe
ve

r
11

4
2

6
9

6
8

4
54

V
ag

in
iti

s
28

8
10

14
23

13
17

11
12

4

U
ri

na
ry

 tr
ac

t i
nf

ec
tio

n
42

3
14

15
16

15
16

14
13

1

Pe
ri

od
on

ta
l d

is
ea

se
2

2
2

2
3

2
2

3
19

C
ol

um
n 

N
26

2
61

5
49

82
8

64
81

3
44

2
43

5
87

7

* N
SA

ID
 =

 N
on

-s
te

ro
id

al
 a

nt
i-

in
fl

am
m

at
or

y 
m

ed
ic

at
io

n

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tyler et al. Page 12

Ta
bl

e 
II

C
ol

um
n 

pe
rc

en
ts

 o
f 

de
liv

er
y-

re
la

te
d 

ch
ar

ac
te

ri
st

ic
s 

am
on

g 
co

ns
um

er
s 

of
 4

 g
ro

up
s 

of
 d

ru
gs

 d
ur

in
g 

pr
eg

na
nc

y.

D
el

iv
er

y 
ch

ar
ac

te
ri

st
ic

A
nt

ib
io

ti
c

A
sp

ir
in

N
SA

ID
*

A
ce

ta
m

in
op

he
n

R
ow

 N
Y

es
N

o
Y

es
N

o
Y

es
N

o
Y

es
N

o

D
el

iv
er

y 
in

di
ca

ti
on

Pr
et

er
m

 la
bo

r
47

45
53

45
39

46
46

44
39

6

pP
R

O
M

19
22

14
22

23
21

21
21

18
5

Pr
ee

cl
am

ps
ia

13
14

6
14

11
14

15
13

12
0

A
br

up
tio

n
10

12
6

11
13

11
10

12
97

C
er

vi
ca

l I
ns

uf
fi

ci
en

cy
8

4
14

4
6

5
4

6
43

Fe
ta

l I
nd

ic
at

io
n

3
4

6
4

8
4

4
4

36

G
es

ta
tio

na
l a

ge
   

23
–2

4
23

19
29

20
25

20
23

17
17

8

(w
ks

) 
   

   
   

   
   

  2
5–

26
41

47
43

46
47

45
43

48
39

9

B
ir

th
 w

ei
gh

t Z
-s

co
re

 <
 −

2
5

6
0

6
5

6
5

6
45

P
la

ce
nt

a 
ba

ct
er

io
lo

gy

A
er

ob
e

31
31

35
31

30
31

30
32

27
1

A
na

er
ob

e
26

30
37

28
22

29
29

29
25

1

M
yc

op
la

sm
a

14
8

0
11

16
10

11
9

89

P
la

ce
nt

a 
hi

st
ol

og
y

A
ny

 in
fl

am
m

at
io

n†
42

38
59

38
41

39
39

40
34

4

In
fa

rc
t

16
19

16
18

27
17

20
16

15
5

In
cr

ea
se

 s
yn

cy
tia

l k
no

ts
22

21
22

21
19

21
20

22
18

2

C
ol

um
n 

N
26

2
61

5
49

82
8

64
81

3
44

2
43

5
87

7

* N
SA

ID
 =

 N
on

-s
te

ro
id

al
 a

nt
i-

in
fl

am
m

at
or

y 
m

ed
ic

at
io

n

† In
fl

am
m

at
io

n 
of

 th
e 

ch
or

io
ni

c 
pl

at
e 

(g
ra

de
 3

, s
ev

er
ity

 3
),

 m
od

er
at

e/
se

ve
re

 c
ho

ri
oa

m
ni

on
iti

s,
 in

fl
am

m
at

io
n 

of
 u

m
bi

lic
al

 c
or

d 
(≥

 g
ra

de
 3

),
 a

nd
/o

r 
ne

ut
ro

ph
ili

c 
in

fi
ltr

at
io

n 
of

 th
e 

fe
ta

l v
es

se
ls

 in
 th

e 
pl

at
e

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tyler et al. Page 13

Ta
bl

e 
III

C
ol

um
n 

pe
rc

en
ts

 o
f 

m
at

er
na

l d
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

am
on

g 
w

om
en

 w
ho

 g
av

e 
bi

rt
h 

to
 a

 c
hi

ld
 w

ho
 d

ev
el

op
ed

 a
n 

ul
tr

as
ou

nd
 in

di
ca

tio
n 

of
 c

er
eb

ra
l

w
hi

te
 m

at
te

r 
da

m
ag

e 
or

 c
er

eb
ra

l p
al

sy
.

M
at

er
na

l c
ha

ra
ct

er
is

ti
c

C
er

eb
ra

l W
hi

te
 M

at
te

r 
D

am
ag

e

C
er

eb
ra

l P
al

sy
V

en
tr

ic
ul

om
eg

al
y

E
ch

ol
uc

en
t

L
es

io
n

Y
es

N
o

Y
es

N
o

Q
ua

dr
ip

ar
es

is
D

ip
ar

es
is

H
em

ip
ar

es
is

N
on

e

A
nt

ib
io

tic
25

30
27

30
43

29
13

29

A
sp

ir
in

10
5

12
5

17
3

0
5

N
SA

ID
s*

7
7

10
7

15
13

0
7

A
ce

ta
m

in
op

he
n

53
50

44
51

47
48

56
51

B
la

ck
28

27
34

26
26

39
44

26

H
is

pa
ni

c
10

11
17

10
8

3
19

11

M
at

er
na

l a
ge

  <
 2

1
9

14
14

13
9

10
13

14

(y
rs

) 
   

   
   

   
   

>
35

26
19

15
20

19
26

6
20

Pr
im

ig
ra

vi
da

39
41

25
42

32
32

31
42

E
du

ca
tio

n 
  <

 1
2

33
44

42
43

38
48

31
43

(y
rs

) 
   

   
   

  >
16

36
34

22
35

30
23

25
35

Si
ng

le
39

41
41

41
36

48
44

41

M
ed

ic
ai

d 
re

ci
pi

en
t

32
29

41
38

45
52

19
38

C
ig

ar
et

te
 s

m
ok

er
11

13
15

13
16

16
0

13

Pr
e-

pr
eg

na
nc

y 
B

M
I 

≥ 
30

20
21

15
21

21
17

27
21

Fe
ve

r
8

6
12

6
6

3
13

6

V
ag

in
iti

s
17

14
17

14
25

19
19

13

U
ri

na
ry

 tr
ac

t i
nf

ec
tio

n
11

15
20

15
17

13
6

15

Pe
ri

od
on

ta
l d

is
ea

se
3

2
3

2
2

3
0

2

C
ol

um
n 

N
88

78
9

59
81

8
53

31
16

77
7

* N
SA

ID
 =

 N
on

-s
te

ro
id

al
 a

nt
i-

in
fl

am
m

at
or

y 
m

ed
ic

at
io

ns

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tyler et al. Page 14

Ta
bl

e 
IV

C
ol

um
n 

pe
rc

en
ts

 o
f 

de
liv

er
y-

re
la

te
d 

ch
ar

ac
te

ri
st

ic
s 

am
on

g 
w

om
en

 w
ho

 g
av

e 
bi

rt
h 

to
 a

 c
hi

ld
 w

ho
 d

ev
el

op
ed

 a
n 

ul
tr

as
ou

nd
 in

di
ca

tio
n 

of
 c

er
eb

ra
l w

hi
te

m
at

te
r 

da
m

ag
e 

or
 c

er
eb

ra
l p

al
sy

.

D
el

iv
er

y 
ch

ar
ac

te
ri

st
ic

C
er

eb
ra

l W
hi

te
 M

at
te

r 
D

am
ag

e

C
er

eb
ra

l P
al

sy
V

en
tr

ic
ul

om
eg

al
y

E
ch

ol
uc

en
t

L
es

io
n

Y
es

N
o

Y
es

N
o

Q
ua

dr
ip

ar
es

is
D

ip
ar

es
is

H
em

ip
ar

es
is

N
on

e

D
el

iv
er

y 
in

di
ca

ti
on

Pr
et

er
m

 la
bo

r
57

44
59

44
49

55
75

44

pP
R

O
M

20
21

22
21

19
23

13
21

Pr
ee

cl
am

ps
ia

7
14

3
14

9
6

0
15

A
br

up
tio

n
7

12
2

12
4

10
13

12

C
er

vi
ca

l I
ns

uf
fi

ci
en

cy
5

5
7

5
15

6
0

4

Fe
ta

l I
nd

ic
at

io
n

3
4

7
4

4
0

0
4

G
es

ta
tio

na
l a

ge
   

23
–2

4
27

20
32

19
43

48
38

17

(w
ks

) 
   

   
   

   
   

  2
5–

26
48

45
44

46
34

23
44

47

B
ir

th
 w

ei
gh

t Z
-s

co
re

 <
 −

2
6

5
2

6
0

0
13

6

P
la

ce
nt

a 
ba

ct
er

io
lo

gy

A
er

ob
e

39
30

44
30

43
65

25
29

A
na

er
ob

e
36

28
39

28
45

42
25

27

M
yc

op
la

sm
a

10
10

8
10

9
23

6
10

P
la

ce
nt

a 
hi

st
ol

og
y

A
ny

 in
fl

am
m

at
io

n†
42

39
49

39
49

68
38

37

In
fa

rc
t

10
19

19
18

25
13

13
18

In
cr

ea
se

 s
yn

cy
tia

l k
no

ts
17

21
15

21
21

13
6

22

C
ol

um
n 

N
88

78
9

59
81

8
53

31
16

77
7

† In
fl

am
m

at
io

n 
of

 th
e 

ch
or

io
ni

c 
pl

at
e 

(g
ra

de
 3

, s
ev

er
ity

 3
),

 m
od

er
at

e/
se

ve
re

 c
ho

ri
oa

m
ni

on
iti

s,
 in

fl
am

m
at

io
n 

of
 u

m
bi

lic
al

 c
or

d 
(≥

 g
ra

de
 3

),
 o

r 
ne

ut
ro

ph
ili

c 
in

fi
ltr

at
io

n 
of

 th
e 

fe
ta

l v
es

se
ls

 in
 th

e 
pl

at
e

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tyler et al. Page 15

Ta
bl

e 
V

O
dd

s 
ra

tio
s 

(a
nd

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

s)
 o

f 
th

e 
ou

tc
om

es
 id

en
tif

ie
d 

at
 th

e 
to

p 
of

 e
ac

h 
co

lu
m

n 
as

so
ci

at
ed

 w
ith

 th
e 

ex
po

su
re

 o
n 

th
e 

le
ft

. E
ac

h
m

ul
tiv

ar
ia

te
 m

od
el

 in
cl

ud
ed

 it
s 

ow
n 

se
t o

f 
po

te
nt

ia
l c

on
fo

un
de

rs
 (

lis
te

d 
be

lo
w

 th
e 

ta
bl

e)
. S

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 o

dd
s 

ra
tio

s 
ar

e 
bo

ld
ed

.

C
er

eb
ra

l W
hi

te
 M

at
te

r 
D

am
ag

e
C

er
eb

ra
l P

al
sy

 C
P

V
en

tr
ic

ul
om

eg
al

y 
V

M
E

ch
ol

uc
en

t
L

es
io

n 
E

L
Q

ua
dr

ip
ar

es
is

D
ip

ar
es

is
H

em
ip

ar
es

is

A
nt

ib
io

tic
0.

8 
(0

.5
, 1

.3
)

0.
5 

(0
.2

, 1
.1

)
1.

5 
(0

.8
, 2

.8
)

0.
7 

(0
.3

, 1
.8

)
0.

3 
(0

.1
, 1

.3
)

A
sp

ir
in

 –
 a

ny
1.

9 
(0

.9
, 4

.1
)

2.
2 

(0
.9

, 5
.4

)
3.

0 
(1

.3
, 6

.9
)

0.
5 

(0
.1

, 4
.1

)
--

--

A
sp

ir
in

 –
 a

pp
ro

ve
d

1.
6 

(0
.6

, 4
.0

)
2.

4 
(0

.9
, 6

.7
)

2.
9 

(1
.1

, 7
.7

)
--

--
--

--

   
   

 –
 n

ot
 a

pp
ro

ve
d

3.
2 

(0
.8

, 1
3)

1.
8 

(0
.4

, 9
.1

)
3.

3 
(0

.8
, 1

4)
1.

6 
(0

.2
, 1

5)
--

--

N
SA

ID
s*

 –
 a

ny
1.

0 
(0

.4
, 2

.4
)

1.
3 

(0
.5

, 3
.2

)
2.

4 
(1

.0
4,

 5
.8

)
1.

7 
(0

.5
, 5

.2
)

--
--

N
SA

ID
s*

 –
 a

pp
ro

ve
d

1.
3 

(0
.4

, 3
.8

)
1.

2 
(0

.3
, 4

.2
)

3.
0 

(1
.0

4,
 8

.5
)

--
--

--
--

   
   

   
 –

 n
ot

 a
pp

ro
ve

d
0.

7 
(0

.2
, 3

.1
)

1.
4 

(0
.4

, 4
.9

)
1.

9 
(0

.5
, 6

.8
)

3.
5 

(1
.1

, 1
1)

--
--

A
ce

ta
m

in
§  

– 
an

y
1.

1 
(0

.7
, 1

.7
)

0.
7 

(0
.4

, 1
.2

)
0.

7 
(0

.4
, 1

.2
)

0.
8 

(0
.4

, 1
.7

)
1.

1 
(0

.4
, 3

.2
)

A
ce

ta
m

in
§  

– 
ap

pr
ov

ed
1.

0 
(0

.6
, 1

.6
)

0.
6 

(0
.3

, 1
.1

)
0.

7 
(0

.4
, 1

.3
)

0.
9 

(0
.4

, 2
.0

)
1.

4 
(0

.5
, 4

.4
)

   
   

   
   

– 
no

t a
pp

ro
ve

d
1.

2 
(0

.7
, 2

.4
)

1.
1 

(0
.5

, 2
.3

)
0.

7 
(0

.3
, 1

.7
)

0.
7 

(0
.2

, 2
.4

)
0.

4 
(0

, 3
.4

)

* N
SA

ID
 =

 N
on

-s
te

ro
id

al
 a

nt
i-

in
fl

am
m

at
or

y 
m

ed
ic

at
io

ns

§ A
ce

ta
m

in
 =

 A
ce

ta
m

in
op

he
n

V
M

L
is

t o
f 

ve
nt

ri
cu

lo
m

eg
al

y-
dr

ug
 p

ot
en

tia
l c

on
fo

un
de

rs
: m

at
er

na
l a

ge
, m

at
er

na
l e

du
ca

tio
n,

 M
ed

ic
ai

d,
 d

el
iv

er
y 

in
di

ca
tio

n,
 g

es
ta

tio
na

l a
ge

, p
la

ce
nt

a 
an

ae
ro

be
, p

la
ce

nt
a 

in
fa

rc
t

E
L

L
is

t o
f 

ec
ho

lu
ce

nt
 le

si
on

-d
ru

g 
po

te
nt

ia
l c

on
fo

un
de

rs
: B

la
ck

, H
is

pa
ni

c,
 p

ri
m

ig
ra

vi
da

, e
du

ca
tio

n,
 p

re
-p

re
gn

an
cy

 B
M

I,
 f

ev
er

, v
ag

in
iti

s,
 u

ri
na

ry
 tr

ac
t i

nf
ec

tio
n,

 d
el

iv
er

y 
in

di
ca

tio
n,

 g
es

ta
tio

na
l a

ge
, b

ir
th

w
ei

gh
t z

-s
co

re
, a

er
ob

e,
 a

na
er

ob
e,

 p
la

ce
nt

a 
in

fl
am

m
at

io
n,

 in
cr

ea
se

d 
sy

nc
yt

ia
l k

no
ts

 in
 p

la
ce

nt
a

C
P L

is
t o

f 
C

P-
dr

ug
 p

ot
en

tia
l c

on
fo

un
de

rs
: B

la
ck

, p
ri

m
ig

ra
vi

da
, e

du
ca

tio
n,

 M
ed

ic
ai

d,
 v

ag
in

iti
s,

 d
el

iv
er

y 
in

di
ca

tio
n,

 g
es

ta
tio

na
l a

ge
, b

ir
th

 w
ei

gh
t z

sc
or

e,
 a

er
ob

e,
 a

na
er

ob
e,

 p
la

ce
nt

a 
M

yc
op

la
sm

a,
 p

la
ce

nt
a

in
fl

am
m

at
io

n.

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 September 01.


