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Neonatal outcomes following preterm birth classified
according to placental features
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BACKGROUND: Preterm birth has staggering health implications, and growth (adjusted birthweight z-score, e0.83, P < .0001) and lesions of
yet the causes of most cases are still unknown. Placental features have

been understudied as an etiology for preterm birth, and the association

between placental pathologic lesions and neonatal outcomes are incom-

pletely understood.

OBJECTIVE: We sought to characterize births according to placental

pathology and relate these to adverse neonatal outcomes.

STUDY DESIGN: We studied 20,091 births (15,710 term and 4381

preterm) with placental evaluations. Births were classified according to the

presence or absence of placental lesions consistent with malperfusion

(vasculopathy, infarct, advanced villous maturation, perivillous fibrin, fibrin

deposition) and intrauterine inflammation/infection (chorioamnionitis,

funisitis, vasculitis). Outcomes were gestational week of delivery, birth-

weight z-score, neonatal respiratory distress syndrome, and intraven-

tricular hemorrhage.

RESULTS: Among all preterm births, evidence of placental malperfusion

was identified more often than inflammation/infection (50.6% vs 27.3%,

P < .0001). Placental malperfusion was associated with reduced fetal
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inflammation/infection were associated with earlier delivery (adjusted

difference e2.08 weeks, P < .0001) than those with no lesions. When

both placental lesions were present, earlier delivery (adjusted difference

e2.28 weeks, P< .0001) and reduced fetal growth (adjusted birthweight

z-score difference, e0.24, P ¼ .001) were observed more often than

when neither lesion was present. Findings were similar when restricted to

cases of spontaneous preterm birth. Intraventricular hemorrhage was

higher in preterm births with malperfusion lesions than cases with no

lesions (7.6% vs 3.4%; odds ratio, 1.98; confidence interval, 1.18e3.32),
accounting for gestational age and other covariates.

CONCLUSION: Placental pathology provides important insight into

subtypes of preterm birth with adverse neonatal outcomes. Co-occurrence

of malperfusion and inflammation/infection, especially among sponta-

neous preterm births, may be a novel pattern of placental injury linked to

severe adverse outcomes.
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Introduction
Preterm birth has staggering health im-
plications. It is the leading cause of infant
morbidity and mortality, with impair-
ments affecting the lifelong health of
offspring. The cause of most preterm
birth is still unknown. It is well estab-
lished that preterm birth, defined as
delivery <37 weeks, is a complex, het-
erogeneous condition and classification
of subtypes according to underlying eti-
ology is essential to identify causal
pathways. It has been common to classify
cases according to clinical presentation
as spontaneous (either spontaneous
preterm labor or preterm premature
rupture of membranes) and medically
indicated. There are several concerns
with this approach.1-3 First, women may
present with both contractions and
ruptured membranes and clinical re-
cords may not be adequate to distinguish
which came first. Second, medically
indicated preterm births are influenced
by clinical practice changes so this clas-
sification schema is not objective and not
comparable across regions, countries,
and time. Third, there is compelling
evidence that the epidemiologic out-
comes,4-6 metabolic changes,7,8 and
abnormalities of implantation in indi-
cated and spontaneous preterm births
overlap.9,10

Alternative classification schemas
have been proposed; placental micro-
scopic and histopathology features have
been suggested as valuable and perhaps
essential tools to align preterm birth
classification with underlying etiol-
ogy.3,11,12 Chorioamnionitis (intrauter-
ine inflammation or infection detected
in the placenta) is a precursor to many
spontaneous preterm births, especially
those occurring at early gestational
APRIL 2017 Ameri
ages.13 Indicated preterm births are
dominantly related to clinical conditions
such as preeclampsia and growth re-
striction, and placental evidence of
maternal malperfusion is abundant in
these cases.9 There is evidence, however,
that the placental vascular lesions of
maternal malperfusion also contribute
to a third of spontaneous preterm birth
cases.9,10,14,15 There are a few reports
that co-occurrence of both malperfusion
and inflammation/infection is linked to
severe neonatal health consequences,16

but this has never been examined in a
large cohort.

We utilized a clinical registry of 20,091
births delivered from 2008 through 2012
to classify subgroups of infants (15,710
delivered at term and 4381 delivered
preterm) according to placental lesions
indicating malperfusion or intrauterine
inflammation/infection. We further
examined the co-occurrence of these
2 lesion types, as comorbid pathologies
may be of particular importance
to neonatal health. We linked
placental phenotypes to gestational age at
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FIGURE 1
Acute inflammatory lesions

A, Mild acute chorioamnionitis (acute subchorionitis). Abundant neutrophils are present in sub-
chorionic fibrin at bottom. Overlying chorion and amnion contain few neutrophils. B, Moderate to
severe acute chorioamnionitis (stage 2, grade 1). Neutrophils are present at all levels of membranes,
extending from subchorionic fibrin up to amnion. Thickening of amnion basement membrane is also
evident. C, Acute vasculitis involving fetal chorionic plate vessels. Large numbers of neutrophils are
noted to involve vessel wall and overlying chorion and amnion. D, Acute funisitis involving umbilical
vein. Large numbers of neutrophils are noted to involve vessel wall. Dense infiltrate of neutrophils is
also present just beneath amnionic surface of umbilical cord. (Hematoxylin-eosin stain; original
magnifications: A and B, �10; C and D, �4.)
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delivery, fetal growth, respiratory
distress syndrome, and intraventricular
hemorrhage. These outcomes are highly
relevant to immediate and long-term in-
fant health, occur most often in preterm
neonates, and are reliably available in
medical records.

Materials and Methods
Delivery data were collected from the
Magee Obstetric Medical and Infant
database, which includes 300 variables
for all deliveries at Magee-Womens
Hospital in Pittsburgh, PA. Variables
are derived from admitting services, In-
ternational Classification of Diseases,
Ninth Revision (ICD-9) codes, medical
record data abstraction, and ultrasound.
Births occurring from 2008 through
2012 were selected for this study
because, during this period, 2 placental
pathologists (including W.T.P.) prepared
all reports following a standardized
protocol and used a uniform reporting
approach and identical diagnostic
criteria, provided in Supplemental
Table 1. The University of Pittsburgh
Institutional Review Board approved the
project, which did not require informed
consent as all data were deidentified
(institutional review board no.
PRO13020275).

A broad set of indications, based on
the College of American Pathologists
guidelines, warranted referral of a
placenta for pathology evaluation during
this period (Supplemental Table 1). In
all, 44% of all deliveries and 92% of
preterm births had placental pathology
evaluation performed. Our placenta pa-
thology matching and extraction process
was described previously.17 Briefly, we
identified 30,716 placenta pathology re-
ports from 2008 through 2012. Data
were reformatted into Extensible
Markup Language and then linked to the
Magee Obstetric Medical and Infant
database. Together with a placental
pathologist (W.T.P.), we identified key
words to capture all possible de-
scriptions and diagnoses. A validation
study demonstrated excellent sensitivity
and specificity for placental lesions when
this automated abstraction process was
compared to manual record abstrac-
tion.17 For the current analysis, we
411.e2 American Journal of Obstetrics & Gynecol
limited the study population to singleton
live births, delivered between 20-42
completed weeks gestation, with a re-
ported birthweight.
Presence of placental lesions was

categorized according to proposed
schemas18,19 as maternal malperfusion
(decidual vasculopathy, villous infarc-
tion, advanced villous maturation,
increased perivillous fibrin deposition,
increased intervillous fibrin deposition)
and/or intrauterine inflammation/
infection (acute chorioamnionitis, acute
funisitis, acute vasculitis) (Figures 1-3
and Supplemental Table 2). Mild acute
chorioamnionitis was defined as stage 1
(acute subchorionitis) with no accom-
panying chorionic plate vasculitis or
umbilical cord vasculitis/funisitis. Severe
acute chorioamnionitis was defined as
higher stage acute chorioamnionitis
ogy APRIL 2017
(stage 2 or 3) and/or the presence of
chorionic plate vasculitis or umbilical
cord vasculitis/funisitis. A validation
study (56 spontaneous, 19 medically
indicated preterm, and 50 term births)
compared the diagnosis of malperfusion
and inflammation/infection on the
clinical pathology reports to a review of
the slides by a single pathologist blinded
to all clinical information except gesta-
tional age (W.T.P.). There was excellent
agreement (82%) between the clinical
pathology reports and the review by the
pathologist for inflammation/infection
and good agreement (62%) for malper-
fusion lesions. Of note, the clinical
report tended to underreport cases of
malperfusion in both spontaneous and
indicated preterm birth. Agreement was
excellent for the malperfusion lesions
among term births (82%). We also
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FIGURE 2
Lesions of maternal vascular malperfusion

A, Normal villi. Essentially unremarkable term villi. B, Accelerated (advanced) villous maturation. Villi
manifest type of accelerated villous maturation termed “distal villous hypoplasia.” These villi are
substantially smaller than normal villi. They additionally appear longer and thinner with less frequent
branching. C, Increased syncytial knots. Syncytial knots are found more frequently than expected on
this villi. D, Old villous infarction. Bulk of villi underwent infarction previously. Villous trophoblast have
lost their basophilia, and intravascular erythrocytes have all degenerated. Small rim of perivillous
fibrin is present, particularly along left aspect of infarct. (Hematoxylin-eosin stain; original magni-
fications: A to C, �10; D, �4.)
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evaluated placental weight as <10th
percentile or >90th percentile for
gestational week based on reference
ranges created at our hospital.

Gestational age in our data was based
on the best clinical estimate at the time of
delivery. Clinicians relied predominantly
on first- and second-trimester ultra-
sound in conjunction with the last
menstrual period. Avalidation study was
conducted where a single obstetrician
manually reviewed the medical records
of 153 deliveries (n ¼ 86 classified as
term and n ¼ 67 classified as preterm in
our registry). The physician determined
the best clinical estimate of gestational
age at delivery based on date of last
menstrual period, date of ultrasound,
and gestational age at ultrasound. There
was excellent agreement between the
medical record and our registry (100%
sensitivity for cases of preterm birth, and
96% specificity). For preterm birth <34
weeks, there was 100% sensitivity and
100% specificity.
Maternal race was self-reported as

white, African American, Hispanic,
Asian, and other. Numbers were too
small to evaluate race/ethnicity groups
other than white and African American,
so all other groups were combined into 1
category. Absence of labor was identified
via record abstraction. Covariates
included maternal age at delivery,
smoking during pregnancy, and pri-
miparity. Maternal hypertension status
was abstracted from the medical record
using ICD-9 codes and reported as
chronic (including cases of super-
imposed preeclampsia [642.0, 642.1,
642.2, 642.7]), preeclampsia (de novo
hypertension with proteinuria [642.4,
APRIL 2017 Ameri
642.5, 642.6]; diagnostic criteria pro-
vided in Supplemental Table 3), or
gestational (de novo hypertension
without proteinuria [642.3]). Gesta-
tional diabetes screening was universal
(94% in our data) and gestational dia-
betes was defined according to the
criteria of Carpenter and Coustan.20

Body mass index (BMI) (weight/
height2) was self-reported at the first
prenatal visit and was available for
10,735 births (53%). We defined small
for gestational age as fetal growth <10th
percentile and large for gestational age as
>90th percentile at each completed
week of gestation, as recommended by
the Global Reference Standard. This
approach uses estimated fetal weights
derived from ultrasound, accounts for
race/ethnicity differences in mean
birthweight, and identifies more fetal
growtherelated pathologies among
preterm infants compared to
birthweight-derived references.21,22

Birthweight z-scores were created using
the mean and SD of births in our com-
plete registry occurring at each gesta-
tional week. Cases of respiratory distress
syndrome (ICD-9 codes 769, 770.6,
518.82; including bronchopulmonary
dysplasia [770.7]), and intraventricular
hemorrhage (772.10, 772.11, 772.12,
772.13, 431) were identified in the
neonatal medical record.

Statistical methods
Maternal characteristics were compared
among women with and without
placental data and according to gesta-
tional age groups, using c2 and t tests.
The prevalence of specific placental
lesions was compared according to
preterm birth groups, as was the co-
occurrence of both malperfusion and
inflammation/infection. We used linear
regression tomodel the gestational age of
delivery and birthweight z-score related
to placental lesion groups (malperfusion
only, inflammation/infection only,
co-occurrence of malperfusion and
inflammation/infection). Births with
neither lesion were the referent. We then
stratified by preterm birth status given
the evidence that some placental lesions
such as infarcts or chorioamnionitis
occur at term as part of normal placental
can Journal of Obstetrics & Gynecology 411.e3
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FIGURE 3
Lesions of maternal vascular malperfusion: Vasculopathy

A, Decidual vasculopathy-fibrinoid necrosis of vessel walls. In lower central aspect of image is
decidual vessel showing fibrinoid necrosis. Original smooth muscle wall has been replaced by bright,
waxy fibrinoid material. Vessel along top of slide shows more diffuse fibrinoid deposition with foamy
macrophages that characterize atherosis. B, Decidual vasculopathy-atherosis with fibrinoid necrosis.
This vessel again shows dense fibrinoid deposition, but with addition of foamy macrophages within
vessel wall. C, Decidual vasculopathy-mural hypertrophy of decidual arterioles. Presence of smooth
muscle in walls of these vessels indicates absence of normal vascular remodeling necessary for
normal pregnancy. Instead of undergoing fibrinoid necrosis, however, smooth muscle in this case
has hypertrophied. D, Perivillous fibrin deposition. This image shows numerous villi entirely
entrapped within dense fibrinoid material. While this entity may develop in context of maternal
thrombophilia, its connection to maternal vascular malperfusion is less definitively established.
(Hematoxylin-eosin stain; original magnifications: A to C, �20; D, �10.)
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aging or as a result of labor. In contrast,
these lesions may be pathologic when
they occur<37 weeks’ gestation. Models
were also stratified according to clinical
indication (spontaneous or indicated).
Logistic regression models assessed the
occurrence of neonatal respiratory
distress syndrome or intraventricular
hemorrhage according to placental
lesion groups. Intraventricular hemor-
rhage was only evaluated in the preterm
birth subset as 95% of cases occurred at
preterm gestations. Covariates were
selected a priori as race/ethnicity,
maternal age, smoking, education, and
prepregnancy BMI. Neonatal outcomes
were then further adjusted for gesta-
tional age to determine if placental
411.e4 American Journal of Obstetrics & Gynecol
features may be on the pathway leading
to earlier delivery and subsequent
adverse neonatal outcomes.

Results
There were 45,638 singleton, live births
from 2008 through 2012; 92% of pre-
term and 39% of term deliveries had
placental evaluation. Births to younger
women, those of African American race/
ethnicity, with less than a high school
education, higher prepregnancy BMI,
and who smoked were more likely to
have placental data (Supplemental
Table 4). When limited to this group, as
expected, those who delivered preterm
weremore likely to be African American,
younger, to smoke, have a higher BMI,
ogy APRIL 2017
have less than a high school education,
and have more pregnancy complications
compared to term births (Table 1).

Womenwith preterm birth were more
likely to have small-for-gestational-age
placental weights (<10th percentile)
compared to term births and rates
increased as gestational age at delivery
decreased (Table 2). Evidence of
placental malperfusion lesions was more
common among preterm compared to
term births (50.6% vs 32.8%, P<.0001).
Mild intrauterine inflammation/
infection was highest in term births
(19.6%) and severe intrauterine inflam-
mation/infection was highest in extreme
preterm birth (51%). Presence of the
most specific malperfusion lesion, vas-
culopathy, was particularly high in
moderate and extreme preterm
compared to term births (17.9%, 13.1%,
and 5.0%, respectively; P< .0001) as was
presence of advanced villousmaturation.

In general, birthweight was lower
among births with malperfusion lesions
alone or in combination with inflam-
mation/infection (Table 3). After ac-
counting for maternal race, age,
smoking, education, and prepregnancy
BMI, malperfusion lesions were associ-
ated with impaired fetal growth (term
births, birth weight z score [BWz] dif-
ference e0.32; preterm births, BWz
difference e0.48; P < .0001 for both).
Presence of inflammation/infection at
term was paradoxically associated with,
on average, slightly longer gestations
(difference 0.52 weeks, P < .0001)
perhaps related to labor. Preterm births
with inflammation/infection were
delivered earlier (difference e2.08
weeks, P < .0001) but not smaller (BWz
difference e0.01, P¼ .909) compared to
preterm births with no lesions. Preterm
births accompanied by both malperfu-
sion and inflammation/infection, in
contrast, were delivered earlier and
smaller (gestational age differencee2.28
weeks, P< .0001; BWz differencee0.24,
P ¼ .0006). Results were quite similar
when limited to spontaneous preterm
births. For example, women with spon-
taneous preterm births and malperfu-
sion coupled with inflammation
delivered infants earlier (adjusted dif-
ference e2.70 weeks, P < .0001) and
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TABLE 1
Maternal characteristics according to gestational age at delivery, n (%)

Term
37e42 wk
n ¼ 15,710

Late PTB
34e36 wk
n ¼ 2745

Moderate PTB
28e33 wk
n ¼ 1238

Extreme PTB
20e27 wk
n ¼ 398 P

Age, y <.0001

<20 1198 (7.6) 189 (6.9) 124 (10.0) 50 (12.6)

20e29 7530 (47.9) 1335 (48.6) 629 (50.8) 214 (53.8)

30e39 6476 (41.2) 1114 (40.6) 431 (34.8) 125 (31.4)

�40 506 (3.2) 107 (3.9) 54 (4.4) 9 (2.3)

Race/ethnicity .004

White 10,998 (73.1) 1924 (73.3) 867 (73.4) 251 (65.2)

African American 3367 (22.4) 630 (24.0) 285 (24.1) 130 (33.8)

Other 681 (4.5) 72 (2.7) 29 (2.5) 4 (1.0)

Prepregnancy BMI, kg/m2a .005

<18.5 337 (3.9) 69 (4.8) 46 (7.9) 3 (2.3)

18.5e<25 4097 (47.7) 657 (46.0) 266 (45.7) 56 (42.4)

25e<30 2123 (24.7) 355 (24.9) 115 (19.8) 30 (22.7)

�30 2036 (23.7) 347 (24.3) 155 (26.6) 43 (32.6)

Smokinga 2344 (17.0) 525 (21.8) 267 (24.9) 67 (19.9) .060

Educationa <.0001

�High school 4434 (32.1) 882 (36.5) 490 (45.8) 175 (52.9)

College or some college 6918 (50.1) 1170 (48.4) 467 (43.7) 135 (40.8)

>College 2469 (17.9) 366 (15.1) 112 (10.5) 21 (6.3)

Diabetes <.0001

Gestational 1648 (10.5) 269 (9.8) 120 (9.7) 13 (3.3)

Preexisting (types 1 or 2) 172 (1.1) 84 (3.1) 32 (2.6) 1 (0.3)

Hypertension <.0001

Gestational 1211 (7.7) 108 (3.9) 42 (3.4) 8 (2.0)

Preeclampsia 1649 (10.5) 509 (18.5) 301 (24.3) 45 (11.3)

Chronic 149 (1.0) 139 (5.1) 111 (9.0) 22 (5.5)

Fetal growth <.0001

SGA 2124 (14.1) 459 (17.4) 378 (32.0) 113 (29.4)

LGA 1924 (12.8) 409 (15.6) 106 (9.0) 49 (12.7)

Neonatal respiratory distress syndrome 456 (2.9) <.0001

Neonatal intraventricular hemorrhage 16 (0.1) 670 (24.4) 319 (25.8) 101 (25.4)

No labor 1775 (11.3) 453 (16.5) 340 (27.5) 87 (21.9) <.0001

Preterm clinical presentation 1021 (37.2) 518 (41.8) 102 (25.6)

Spontaneous 495 (18.0) 758 (62.1) 290 (72.9) <.0001

Medically indicated 32 (1.2) 183 (14.8) 115 (28.9) <.0001

BMI, body mass index; LGA, large for gestational age; PTB, preterm birth; SGA, small for gestational age.

a BMI missing for 9356 (47%), smoking missing for 2489 (12%). education missing for 2452 (12%).
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TABLE 2
Evidence of placental lesions, according to preterm birth status, n (%)

Term
37e42 wk
n ¼ 15,710

Late PTB
34e36 wk
n ¼ 2745

Moderate PTB
28e33 wk
n ¼ 1238

Early PTB
20e27 wk
n ¼ 398 P a

Placental weight, g <.0001

<10th Percentile 2975 (19.2) 583 (22.2) 511 (43.6) 123 (32.9)

>90th Percentile 4094 (26.4) 593 (22.6) 164 (14.0) 71 (19.0)

Malperfusion 5159 (32.8) 1250 (45.5) 782 (63.2) 184 (46.2) <.0001

Vasculopathy 783 (5.0) 210 (7.7) 221 (17.9) 52 (13.1) <.0001

Infarct 1983 (12.6) 359 (13.1) 283 (22.9) 58 (14.6) <.0001

Advanced syncytial knots 1077 (6.9) 737 (26.9) 546 (44.1) 113 (28.4) <.0001

Perivillous fibrin 2026 (12.9) 267 (9.7) 130 (10.7) 19 (4.8) .003

Fibrin deposition 2389 (15.2) 366 (13.3) 190 (15.4) 33 (8.3) .002

Intrauterine inflammation/infectioneall 6493 (41.3) 553 (20.1) 394 (31.8) 265 (66.6) <.0001

Chorioamnionitis, mild 3077 (19.6) 309 (11.3) 153 (12.4) 62 (16.6) <.0001

Chorioamnionitis, severe 3416 (21.7) 244 (8.9) 241 (19.5) 203 (51.0)

Intrauterine inflammation/infectioneno laborb 214 (12.6) 30 (6.6) 28 (8.2) 20 (23.0) <.0001

Chorioamnionitis, mild 133 (7.5) 19 (4.2) 14 (4.1) 7 (8.1) <.0001

Chorioamnionitis, severe 81 (4.6) 11 (2.4) 14 (4.1) 13 (14.9)

No lesions 4246 (27.0) 849 (30.9) 208 (16.8) 42 (10.6) <.0001

PTB, preterm birth.

a c2 test; No labor; b n ¼ 2655.
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smaller (BWz difference e0.18, P ¼
.012) compared to spontaneous preterm
births with no lesions.

Given the importance of gestational
age for newborn health, we then exam-
ined placental lesions in late (34-36
weeks), moderate (28-33 weeks), and
extreme (20-27 weeks) preterm birth.
Presence of malperfusion lesions com-
bined with evidence of inflammation/
infection increased as gestational age
decreased (8.9% for late, 16.8% for
moderate, and 27.5% for extreme pre-
term birth) (Figure 4, A). These trends
were similar when limited to sponta-
neous preterm births (Figure 4, B). Of
note, malperfusion was the most com-
mon lesion type detected in spontaneous
late and moderate preterm births. As
expected, malperfusion was the domi-
nant pathology among indicated pre-
term births (Figure 4, C).

Placental malperfusion and/or
inflammation were associated with
higher risk of respiratory distress
411.e6 American Journal of Obstetrics & Gynecol
syndrome in both term and preterm
neonates (Table 4). After accounting for
gestational age, this association persisted
in term births with placental lesions but
not in preterm births. Rates of intra-
ventricular hemorrhage were particu-
larly high among women with preterm
birth and malperfusion lesions, and this
persisted after accounting for gestational
age and other covariates (odds ratio,
1.98; 95% confidence interval,
1.18e3.32). Women with spontaneous
or indicated preterm births accompa-
nied by both malperfusion and inflam-
mation/infection lesions had higher
rates of intraventricular hemorrhage
compared to those with no lesions
(14.1%, 9.2%, and 3.4%, respectively)
but risk estimates were attenuated after
accounting for gestational age.

Comment
Our results demonstrate that placental
pathology provides valuable insight into
subtypes of preterm birth associated
ogy APRIL 2017
with severe neonatal risks. We highlight
several important findings. First,
placental malperfusion lesions were
more common among pregnancies
delivering preterm than lesions of
inflammation/infection. Similarly, mal-
perfusion lesions predominated in cases
of spontaneous preterm birth. Second,
our results suggest that co-occurrence of
lesions of malperfusion and infection/
inflammation affect as many as one third
of extreme spontaneous preterm births
and thus may be an important, yet
heretofore unrecognized, phenotype.
Third, these comorbid placental lesions
were associated with earlier preterm
birth accompanied by impaired fetal
growth and severe neonatal complica-
tions and thus the long-term conse-
quences may be profound. While these
associations, as expected, were more
modest when present at term our results
raise the possibility that placental lesions
may contribute to morbidity even
among term births.
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TABLE 3
Gestational age and birthweight z-score according to placental evidence of malperfusion and intrauterine
inflammation/infection in term and preterm births, n [ 20,091

Malperfusione/IIIe
n ¼ 7758

Malperfusione/IIIþ
n ¼ 4958

Malperfusionþ/IIIe
n ¼ 4628

Malperfusionþ/IIIþ
n ¼ 2747

Gestational age, wk,
mean (SD)

38.0 (�2.4) 38.3 (�3.4) 36.9 (�3.2) 37.8 (�3.8)

Birthweight z-score,
mean (SD)

0.01 (�1.1) 0.01 (�1.0) e0.31 (�1.1) e0.18 (�1.1)

Betaa P value Betaa P value Betaa P value

Gestational age, wk, difference

Term Referent 0.52 <.0001 e0.08 .033 0.49 <.0001

Preterm Referent e2.08 <.0001 e0.83 <.0001 e2.28 <.0001

Spontaneous preterm Referent e2.31 <.0001 e0.39 .062 e2.70 <.0001

Indicated preterm Referent e1.03 .021 e1.23 <.0001 e0.87 .034

Birthweight z-score, difference

Term Referent 0.06 .031 e0.32 <.0001 e0.15 <.0001

Preterm Referent e0.01 .909 e0.48 <.0001 e0.24 .0006

Spontaneous preterm Referent 0.02 .773 e0.11 .060 e0.18 .012

Indicated preterm Referent e0.17 .285 e0.84 <.0001 e0.44 .003

III, intrauterine inflammation or infection.

a Models are adjusted for age, race/ethnicity, smoking, education, and prepregnancy body mass index.
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Normal placental function is critical
to optimize fetal growth and develop-
ment. Placentas are examined routinely
following established guidelines.23,24

These morphological and histopatho-
logical examinations can yield insight
regarding morbidity andmortality in the
fetus and offspring,18 and yet placental
data are included in only a handful of
perinatal registries. The National
Collaborative Perinatal Project, a multi-
center pregnancy cohort of >50,000 US
women recruited from 1959 through
1966, is perhaps the largest study, to date,
to systematically collect placental char-
acteristics.25-27 The pathology ap-
proaches used >50 years ago, however,
are not seamlessly applicable to current
use. Certain features (eg, distal villous
hypoplasia) were not diagnosed at that
time, and villous infarction was primar-
ily a macroscopic diagnosis, likely
resulting in overdiagnosis. At least 1
contemporary hospital cohort and 3
prospective pregnancy cohorts have
incorporated placental features into
studies of stillbirth, preterm delivery,
hypertensive disorders of pregnancy, and
growth restriction.9,28-33 To our knowl-
edge, however, only 2 have characterized
inflammatory and vascular lesions to
phenotype preterm birth.9,34

Our results extend these observa-
tions by using placental features from a
large contemporary clinical registry to
classify term and preterm births ac-
cording to the presence or absence of
placental lesions typical of malperfu-
sion and inflammation/infection. The
severe neonatal morbidity associated
with multiple placental lesions has
been described in small case reports,16

but, to date, there are very few reports
regarding the prevalence of over-
lapping pathologies. Our clinical pa-
thology data were able to characterize
these cases. As the Human Placenta
Project develops prenatal markers of
placental function, our findings may
help guide clinical management and
the identification of biomarker and
molecular profiles contributing to
these phenomena.35 For example,
while chorioamnionitis is linked to
APRIL 2017 Ameri
higher risk of placental abruption,36 it
is unclear whether vascular and infec-
tious pathways co-occur independently
of one another or whether preexisting
vascular impairments leave a placenta
more susceptible to acute infection.
There is also an emerging appreciation
for the potential importance of sterile
inflammation in the etiology of spon-
taneous preterm birth,37 and the
placental phenotypes that we have
characterized may help to inform this
line of inquiry.

Preterm birth has devastating conse-
quences for immediate and long-term
infant health. The sequelae linked to
co-occurring placental injuries, as our
results suggest, may be profound and
thus the placenta may identify infants
who need more intensive surveillance in
the hospital as well as after discharge.
There is evidence, for example, that
acute chorioamnionitis, when detected
together with chronic placental lesions
such as villitis, is linked to pediatric
neurologic impairments and that the
risk may increase as the number of
can Journal of Obstetrics & Gynecology 411.e7
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FIGURE 4
Co-occurrence of placental malperfusion and intrauterine inflammation/
infection

Proportion of co-occurrence of malperfusion and inflammation/infection lesions (light gray, neither
lesion; medium gray, inflammation/infection only; dark gray, malperfusion only; black, malperfusion
and inflammation/infection) among: A, all preterm births (n ¼ 4381), B, spontaneous births
(n¼ 2740), and C, medically indicated preterm births (n¼ 1641). Late preterm, 34-36 weeks; very
preterm, 28-33 weeks; extreme preterm, 20-27 weeks.
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distinct lesions increases.38 Similarly,
placental infection/inflammation is
related to cerebral palsy in neonates
weighing <1500 g40 and the addition of
placental features to a clinical prediction
score developed for infants born <34
weeks may better predict neonatal
morbidity than newborn physiologic
risk evaluation alone.41 The severity of
infection/inflammation in the placenta
411.e8 American Journal of Obstetrics & Gynecol
increases as gestational age at delivery
increases.42 Our findings are consistent
with this, and we can only speculate that
this may be due to varying systemic or
gestational ageespecific immune
competence.
Given the maternal vascular and

metabolic adaptations required for suc-
cessful placentation, the long-term
maternal sequelae following placental
ogy APRIL 2017
abnormalities may also be distinct.39 For
example, there is evidence thatmaternal-
fetal immune mediation of trophoblast
invasion may be implicated in failed
maternal vascular remodeling43 as well
as chronic placental inflammation lead-
ing to spontaneous preterm birth.44 We
may speculate that the group with
placental evidence of malperfusion
coupled with inflammation detected in
our cohort may identify women with a
preexisting morbidity that plays a role in
pregnancy health and long-term
maternal health. Could these, for
example, be women with preexisting
(perhaps preclinical) maternal disease?
These questions warrant future
investigation.

Our study is not without limitations.
The placental pathology results utilized
were derived from standard clinical re-
views, and these may have varying
reproducibility. The most severe lesions,
however, such as vasculopathy and acute
chorioamnionitis, are highly reproduc-
ible.45-47 In addition, our validation
study demonstrated that malperfusion
may be underreported on clinical reports
and therefore the importance of these
lesions for neonatal health may be even
greater than our estimates suggest. The
most common malperfusion feature,
advanced villous maturation, is known
to have reporting variability. While there
is evidence that the overall impression of
a placental pathologist is superior to the
detection of specific lesions for the
diagnosis of malperfusion,48 efforts to
improve the diagnostic accuracy of these
lesions are needed.46,49 Our data were
limited to cases that were referred for
placental pathology review and although
large, this group is higher risk compared
to the general obstetric population. We
anticipate, therefore, that the associa-
tions detected may underestimate of true
risks. In addition, we acknowledge that
the observed morphological changes in
the preterm placenta may not be causal,
and that similar features detected at term
may not be pathologic. Future studies
that can examine mechanisms related to
the development of these lesions are
needed to address these important
questions. Of note, the prevalence of
mild infection/inflammation at term is
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TABLE 4
Odds of intraventricular hemorrhage on respiratory distress syndrome according to placental evidence of
malperfusion and intrauterine inflammation/infection (III)D, stratified by spontaneous and indicated preterm birth

Malperfusion - / III -
n=7,758

Respiratory distress syndrome n (percent) OR* (95% CI) OR* (95% CI) OR* (95% CI)
Term 456 (2.9) referent 1.38 (0.98, 1.95) 1.48 (1.02, 2.15) 1.54 (1.03, 2.31)
Preterm 1,543 (35.2) referent 1.56 (1.14, 2.08) 1.32 (1.05, 1.65) 1.73 (1.29, 2.36)
Spontaneous Preterm 889 (32.5) referent 1.82 (1.29, 2.58) 1.08 (0.78, 1.48) 1.96 (1.35, 2.82)
Indicated Preterm 654 (39.9) referent 0.80  (0.40, 1.60) 1.47 (1.03, 2.08) 1.22 (0.66, 2.25)

Respiratory distress syndrome, adjusted for GA† OR† (95% CI) OR† (95% CI) OR† (95% CI)
Term referent 1.54 (1.09, 2.19) 1.46 (1.00, 2.12) 1.71  (1.14, 2.58)
Preterm referent 0.61 (0.41, 0.90) 0.91 (0.70, 1.17) 0.67 (0.46, 0.98)
Spontaneous Preterm referent 0.66 (0.42, 1.04) 0.87 (0.61, 1.23) 0.62 (0.39, 0.98)
Indicated Preterm referent 0.43 (0.18, 1.04) 0.91 (0.61, 1.35) 0.82 (0.41, 1.64)

Intraventricular hemorrhage n (percent) OR* (95% CI) OR* (95% CI) OR* (95% CI)
Preterm 330 (7.5) referent 1.49 (0.85, 2.62) 3.98 (2.48, 6.39) 3.88 (2.31, 6.53)
Spontaneous Preterm 214 (7.8) referent 3.02 (1.50, 6.09) 1.92 (0.96, 3.86) 4.96  (2.53, 9.73)
Indicated Preterm 116 (7.1) referent 0.56 (0.07, 4.60) 2.86 (1.29, 6.31) 3.10 (1.01, 9.48)

Intraventricular hemorrhage, adjusted for GA† OR† (95% CI) OR† (95% CI) OR† (95% CI)
Preterm referent 0.69 (0.36, 1.35) 1.98 (1.18, 3.32) 1.71 (0.93, 3.14)
Spontaneous Preterm referent 0.94 (0.42, 2.13) 1.81 (0.86, 3.71) 1.73 (0.81, 3.71)
Indicated Preterm referent 0.19 (0.02, 1.95) 1.83 (0.79, 4.20) 2.55 (0.79, 8.16)

Malperfusion + / III +Malperfusion + / III -Malperfusion - / III +
n=4,958 n=4,628 n=2,747

III, Intrauterine Inflammation or Infection; OR, odds ratio.

* Models are adjusted of age, race/ethnicity, smoking, education and pre-pregnacy BMI; y Models are additionally adjusted for gestational age (GA).
Catov et al. Placental features and preterm birth. Am J Obstet Gynecol 2017.
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high in our cohort.We speculate that this
is associated with labor, although we
cannot account for length of labor in our
data. This finding may also be due to the
fact that our analysis is restricted to
higher risk term births. In addition, our
clinical definition of mild cho-
rioamnionitis is more expansive and our
criteria for severe chorioamnionitis is
stricter compared to other studies. Thus
our estimates regarding the occurrence
of infection/inflammation among term
births may differ from those reported by
others.

Our results provide evidence that
placental features may contribute
valuable insight into subtypes of
preterm birth with the most adverse
neonatal complications. Malperfusion
lesions may be more common than
inflammation/infection, even among
women with spontaneous preterm birth.
Co-occurrence of malperfusion and
inflammation/infection, especially
among in spontaneous preterm birth,
may constitute a unique pattern of
placental injury associated with earlier
delivery and thus severe adverse neonatal
outcomes. Efforts to identify upstream
and downstream profiles linked to these
placental phenotypes can help identify
causal pathways and ultimately clinical
interventions to reduce the devastating
burden of preterm birth. n
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SUPPLEMENTAL TABLE 1
Indications for submission of placenta for pathologic examination23

1. Multiple gestation

2. Preterm delivery (<37 wk)

3. Postterm delivery (42 completed wk)

4. Fetal growth deviation (intrauterine growth restriction or macrosomia)

5. Compromised fetal condition at delivery (eg, Apgar score of �4 at 5 min)

6. Fetal anomaly

7. Fetal distress

8. Fetal demise

9. Spontaneous recurrent pregnancy loss (>2 previous losses)

10. Clinical concern for infection during pregnancy

11. Maternal hemorrhage or severe anemia (Hgb <8 g/dL)

12. Placenta previa

13. Placental abruption

14. Placenta accrete/increta/percreta

15. Amniotic fluid abnormalities (polyhydramnios or oligohydramnios)

16. Maternal disease/systemic disorder with clinical concerns for mother or infant:
including but not limited to hypertensive disorders of pregnancy, diabetes mellitus,
and autoimmune disorders

17. History of substance abuse during pregnancy

18. Meconium fluid or staining

19. Any gross abnormality of placenta and/or umbilical cord

20. Any infant transferred to NICU

Hgb, hemoglobin; NICU, neonatal intensive care unit.
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SUPPLEMENTAL TABLE 2
Diagnostic criteria for placental lesions

Placental lesion Diagnostic criteria48,50-52

Acute chorioamnionitis A maternal response to infected amniotic fluid characterized by presence of linear accumulation of
neutrophils within subchorionic fibrin or chorionic plate itself.

Acute vasculitis A fetal response to infected amniotic fluid characterized by neutrophils within or emerging from
vessels of fetal chorionic plate or umbilical cord.

Acute funisitis Acute vasculitis of umbilical cord vessels in which neutrophils traverse through vessel wall into
surrounding Wharton jelly.

Acute deciduitis A significant linear accumulation of neutrophils within decidual tissues of placental basal plate or
extraplacental membranes.

Decidual vasculopathy Incomplete, pathologically abnormal remodeling of maternal vessels supplying placenta, with 4 often
co-occurring manifestations. Absence of vascular remodeling is defined by presence of smooth
muscle wall in at least 1 decidual vessel of placental basal plate. Mural hypertrophy of decidual
arterioles is characterized by thickening of muscle wall of decidual vessel from any location, with
thickened muscle wall leaving luminal diameter of<30% of total vessel diameter. Fibrinoid necrosis
of vessel walls presents as waxy, intense red degeneration of at least 1 decidual vessel wall from any
location. Atherosis is defined by presence of foamy macrophages within at least 1 decidual vessel
wall. Fibrinoid necrosis and atherosis commonly co-occur.

Villous infarction Devitalization of region of placental villi due to obstruction of underlying maternal blood flow.
Characterized by geographically limited loss of staining, often with collapse of intervening maternal
blood space.

Advanced (accelerated) villous maturation Characterized by presence of at least 2 specific pathologic changes in villous architecture. Advanced
villous maturation is typically characterized by increase in percentage of villi containing syncytial knot
(increased syncytial knots), decrease in percentage of intermediate villi, and/or distal villous
hypoplasia (zones of abnormally long, thin, unbranched terminal villi).

Perivillous fibrin deposition Irregular zones of fibrinoid material tightly encasing entrapped villi. Small amount of perivillous fibrin
is acceptable in upper third of placental parenchyma.

Intervillous fibrin deposition Increased percentage (3% is upper limit) of small foci of fibrinoid material within or adjacent to villi.
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SUPPLEMENTAL TABLE 3
Diagnostic criteria associated with International Classification of Diseases,
Ninth Revision codes utilized

Definition

Hypertension

642 Benign essential hypertension in obstetric context

642.1 Hypertension secondary to renal disease in obstetric context

642.2 Hypertensive heart and renal disease in obstetric context

642.7 Chronic hypertension with superimposed preeclampsia

642.4 Mild to moderate preeclampsia

642.5 Severe preeclampsia

642.6 Eclampsia

642.3 Gestational hypertension

Respiratory distress syndrome

769 Respiratory distress syndrome in newborn

770.6 Transitory tachypnea of newborn

518.82 Acute respiratory distress

770.7 Bronchopulmonary dysplasia of newborn

Intraventricular hemorrhage

772.10 Hemorrhagic, newborn, intraventricular

772.11 Intraventricular hemorrhage of newborn, grade I

772.12 Intraventricular hemorrhage, grade II

772.13 Intraventricular hemorrhage, grade III

431 Intracerebral hemorrhage
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SUPPLEMENTAL TABLE 4
Maternal characteristics of women with term and preterm births from 2008 through 2012, with and without placentas
reviewed by pathology, percent

Term, 37e42 wk Preterm, 20e36 wk

No placental
pathology
n ¼ 25,142

Placental
pathology
n ¼ 15,710 P

No placental
pathology
n ¼ 405

Placental
pathology
n ¼ 4381 P

Age, y <.01

<20 6.2 7.6 <.0001 8.2 8.2

20e29 45.9 47.9 42.0 49.6

30e39 45.1 41.2 46.9 38.3

�40 2.8 3.2 3.0 3.9

Race/ethnicity .02

White 77.8 73.1 <.0001 75.1 72.6

African American 18.0 22.4 20.8 24.9

Other 4.1 4.5 4.8 2.5

Prepregnancy BMI, kg/m2a .18

<18.5 4.3 3.9 <.0001 4.4 5.5

18.5e<25 57.6 47.7 50.2 45.6

25e<30 22.1 24.7 26.1 89.4

�30 15.9 23.7 19.4 25.4

Smoker 11.1 17.0 <.0001 18.5 22.5 .08

Education <.01

�High school 25.7 33.9 <.0001 31.7 40.4

College or some college 52.4 42.2 50.1 46.5

>College 21.9 16.8 18.2 13.1

BMI, body mass index.

a BMI missing for n ¼ 16,766 term births (41%) and n ¼ 2416 preterm births (50%).
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