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Abstract

Bronchopulmonary dysplasia-associated pulmonary hypertension (BPD-PH) may either be concordant or discordant between
multiple gestation births. Abnormal placental development, particularly maternal vascular malperfusion, may account for discord-
ance in BPD-PH through fetal programming mechanisms. Maternal vascular malperfusion is a placental histologic lesion associated
with intrauterine growth restriction and BPD-PH. We conducted a retrospective longitudinal cohort study of infants born
<29 weeks gestation with available placental histology at Prentice Women’s Hospital in Chicago from 2005-2012. The primary
outcome was discordant BPD-PH associated with placental maternal vascular malperfusion. Ve secondarily assessed whether the
risk of BPD-PH and placental lesions was different among infants of multiple (compared to singleton) gestations. The cohort
consisted of 135 multiple gestation infants and 355 singletons. In a separate cohort of 39 singletons and 35 multiples, associations
between |2 cytokines and angiogenic growth factors in cord blood plasma for biomarker discordance, maternal vascular mal-
perfusion, and bronchopulmonary dysplasia were explored. Among multiples, discordant maternal vascular malperfusion was not
associated with BPD-PH (OR = 1.9 (0.52, 6.9); p =0.33) in infants exposed to placental maternal vascular malperfusion. However,
singleton infants were more likely to develop BPD-PH (compared to multiples) after adjusting for mode of delivery, chorioamnio-
nitis, chronic hypertension, placental abruption, small-for-gestational age birth weight, and gestational age (aOR=2.7 (1.2, 5.8);
p =0.038). Singletons were more likely to be small-for-gestational age (I 1% vs 4%, p = 0.025) and have placental lesions compared
to their multiple-gestation counterparts (96% vs 81%, p <0.001), principally severe maternal vascular malperfusion (17% vs 4%,
p <0.001) and chronic inflammation (32% vs |1%, p <0.001). Increased risk of BPD-PH in singleton pregnancies <29 weeks
gestation compared to multiples may be related to increased frequency of these histologic lesions. Placental pathology in singleton
and multiple gestation pregnancies may serve as an early biomarker to predict BPD-PH.
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When BPD is accompanied by PH (BPD-PH), the risk for
death is four-fold greater than when there is BPD alone.’
Currently, there are no reliable biomarkers to predict which
infants will develop BPD (with or without PH).

Placental histopathology may provide insight as increas-
ing evidence suggests that the process leading to BPD begins
before birth with the placenta playing a key role in regulat-
ing fetal and neonatal angiogenesis.>* Thus, fetal program-
ming in the context of an abnormally functioning placenta
may predispose an infant to develop BPD-PH postnatally,
particularly when maternal vascular malperfusion (MVM) is
present.” " MVM is a placental histologic lesion that often
indicates abnormal trophoblast implantation, with subse-
quent maldevelopment of maternal spiral arteries that give
rise to compromised placental-fetal circulation. As such,
MVM is commonly present in pregnancies complicated by
maternal preeclampsia, intrauterine growth restriction, and
stillbirth.* '° Malperfusion of the placental bed, due to a
constellation of villous and vascular pathologies, may have
direct or indirect impact on the developing pulmonary
vasculature.

The ability to discern the associations between MVM and
BPD-PH may be enhanced by studying multiple gestation
births and their neonatal pulmonary outcomes. Women
with twin/triplet pregnancies have an increased frequency
of preterm delivery compared to those with singletons.
Studies have suggested that preterm birth among women
with twins may have different etiologies than preterm birth
among women with singletons. The difference in these etiol-
ogies is underscored by the higher rates of placental patho-
logic lesions, including inflammatory and vascular lesions, in
singletons.'' '* However, to our knowledge, no cohort that
includes a large proportion of multiple gestation infants
born <29 weeks of gestation has previously evaluated the
association between placental histopathology and prema-
ture infant outcomes, specifically BPD-PH. We hypothesize
that in multiple gestation births, MVM will be associated
with the development of BPD-PH, and that MVM discord-
ance will predict BPD-PH discordance. We further hypothe-
size that in pregnancies less than 29 weeks gestation,
placentas from multiple gestation pregnancies will have
increased frequency of pathologic lesions, particularly MVM.

Methods
Study design and patient sample

We conducted a retrospective cohort analysis of all prema-
ture infants born at Northwestern Prentice Women’s
Hospital in Chicago, IL, USA from 2005-2012. From that
population, we included all live-born infants delivering at
less than 29 weeks gestational age (GA) at birth with avail-
able placental histology for singletons or complete sets of
multiples. Placental gross and histopathology is routinely
completed for all births less than or equal to 34 weeks of
gestation at Prentice, and placental slides and tissue blocks

are routinely archived in the Department of Pathology.
Small-for-gestational-age (SGA) birth was defined as birth
weight-for-GA less than the 10th percentile according to
Fenton growth curves.'> BPD severity was defined accord-
ing to NIH consensus criteria of supplemental oxygen use at
36 weeks corrected GA.'® Mild BPD was defined as an
oxygen requirement at 28 days and breathing room air at
36 weeks corrected GA; moderate BPD was defined as need
for <30% oxygen at 36 weeks corrected GA; and severe
BPD was defined as >30% oxygen or positive pressure ven-
tilation at 36 weeks corrected GA. BPD-PH was defined by
echocardiography, according to previously published cri-
teria™’; all premature infants born at <29 weeks received
routine echocardiogram screening at one month and 36
weeks corrected GA if they remained on oxygen at these
two time points. Intraventricular hemorrhage (IVH) was
based on head ultrasound at day of life 7 and 30, with
severe IVH defined as grade 3 or 4 based on radiologic
criteria by Volpe.!” This study was approved by the
Institutional Review Board of Northwestern University.

Perinatal and placental covariates

Maternal and infant clinical data were extracted using stan-
dardized abstraction methods performed by Northwestern’s
Enterprise Data Warehouse. This information included
antepartum, intrapartum, and pregnancy outcome data.
Maternal hypertensive disorders of pregnancy were defined
according to the American College of Obstetrics and
Gynecology criteria.'® Placental weight and histology were
recorded based on standardized gross and histopathologic
placental examination that was confirmed by a single peri-
natal pathologist (L.M.E.) masked to neonatal outcomes.
Placental weight <10th percentile was defined as SGA
using published nomograms.'® Placental histology included
evaluation for presence of lesions along four major histo-
pathologic domains: acute inflammation, chronic inflamma-
tion, fetal vascular malperfusion, and MVM. Standardized
methods for placental pathology reporting and analysis are
based upon guidelines from the Amsterdam Placental
Workshop Group as previously described for this cohort.’
Severe MVM was defined as the presence of both villous and
vascular lesions with an accompanying SGA placenta.
Villous sublesions of MVM included villous infarcts,
increased syncytial knots, villous agglutination, increased
intervillous fibrin, and distal villous hypoplasia/small ter-
minal villi. Vascular sublesions of MVM included fibrinoid
necrosis/acute atherosis, persistent muscularization of basal
plate arterioles, mural hypertrophy of the membrane arteri-
oles, and decidual vascular thrombosis.

Cord blood biomarker levels and discordance
among multiples

We analyzed existent biomarker data from a sample of
74 preterm births enrolled prospectively at the same
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institution from 2014-2016. The methods for cord blood
collection and simultaneous measurement of 12 analytes in
archived plasma via multiplex immunoassay have been pre-
viously published.?” Twins and triplets were identified from
the sample and analyzed as matched pairs for percent bio-
marker discordance, which was calculated similar to birth
weight discordance: (absolute difference between sibling bio-
marker levels divided by the higher level, multiplied by 100).
Biomarker discordance (yes/no) was defined as >25% dis-
cordance between siblings.

Statistical analysis

The primary outcome was, among women with multiple
gestations, discordant BPD-PH associated with placental
MVM. Secondary analyses included the association of mul-
tiple gestation (compared to singleton gestation) with neo-
natal outcomes including BPD, BPD-PH, necrotizing
enterocolitis, sepsis, patent ductus arteriosus (PDA), IVH,
periventricular leukomalacia, retinopathy of prematurity
(ROP), and death. We conducted analyses using both
BPD-PH and BPD-PH with death as outcomes. Chi
square or student t-tests were used for comparison between
singleton and multiple gestations for categorical and
continuous data, respectively. Cord blood biomarker
data were analyzed using Wilcoxon rank sum tests.
Multivariable logistic regression using a generalized estimat-
ing equation that accounted for non-independence of obser-
vations of infants from the same pregnancy was used
to estimate odds ratios (ORs) of neonatal outcomes adjust-
ing for significant covariate differences in baseline
characteristics.

Results
Baseline characteristics

A total of 490 infants, of whom 135 were from multiple
gestations (57 twin gestations and 7 triplet gestations for a
total of 64 multiple gestation births) and 355 were from
singleton gestation births, were included in this study. The
baseline characteristics of the study population, stratified by
plurality of gestation, are presented in Table 1. There were
no differences between groups in GA, birth weight, sex, and
APGAR scores at 1 and Smin. Women who delivered
multiples (twins or triplets) were older, more likely to be
white, have preterm labor as a cause of preterm birth,
premature rupture of membranes, and have had a cesarean
delivery. Women giving birth to singletons more frequently
had preeclampsia, hypertensive disorders of pregnancy,
chorioamnionitis, oligohydramnios, placental abruption,
cesarean section for non-reassuring fetal heart tones, and
SGA births. Of the 112 infants from twin gestations,
14 were from monochorionic/diamniotic gestations and
98 were from dichorionic/diamniotic gestations. Among
the 21 infants from triplet gestations, 18 were from

Table |. Baseline characteristics of cohort.

Singleton Multiple
(n=355) (n=135) p Values
Infant characteristics
Gestational age (weeks) 26.5 (1.6)  26.6 (1.6) NS
Birth weight (grams) 894 (255) 921 (242) NS
Small for gestational age (%) 39 (1) 6 (4) 0.025
APGAR | min 4 (2.3) 422 NS
APGAR 5 min 6.6 (1.9) 6.7 (1.9) NS
Maternal characteristics
Maternal age (years) 29 (6.6) 33.1 (6.4) <0.001
Male sex (%) 209 (59) 77 (57) NS
Maternal race (%) <0.001
Black 126 (36) 19 (14)
White 93 (26) 87 (64)
Asian 16 (5) 54)
Hispanic 42 (12) 8 (6)
Other 19 (5) 4 (3)
Unknown 59 (16) 12 (9)
Preterm labor (%) 242 (68) 120 (89) <0.001
Premature rupture of 152 (43) 77 (57) 0.017
membranes (%)
Prolonged rupture of 92 (26) 23 (17) NS
membranes (%)
Artificial rupture of 164 (46) 57 (42) NS
membranes (%)
Cesarean section (%) 201 (57) 95 (70) 0.019
Antenatal steroids (%) 275 (78) 96 (71) NS
Preeclampsia (%) 81 (23) 54 <0.001
Eclampsia (%) 2 (0.5) 0 NS
HELLP (%) 18 (5) I (I 0.027
Pregnancy-induced 10 (3) I (1) NS
hypertension (%)
Chronic hypertension (%) 27 (8) 0 0.001
Chorioamnionitis (%) 64 (18) Il (8) 0.007
Gestational diabetes (%) 18 (5) 4 (3) NS
Oligohydramnios (%) 26 (7) 0 0.001
Placental abruption (%) 64 (18) 12 (9) 0.013
Non-reassuring fetal 83 (23) 14 (10) 0.004

heart tones (%)

trichorionic/triamniotic gestations and three were from
dichorionic/triamniotic gestations.

BPD-PH by MVM

Among infants from multiple gestation pregnancies, dis-
cordant BPD-PH was present in 9 of the 64 (14%) multiple
gestation sibling pairs/trios. Seven of the 64 (11%) had dis-
cordant MVM with only one sibling grouping having both
discordant MVM and discordant BPD-PH, but not both
MVM and BPD-PH. In multivariate analysis, MVM was
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not significantly associated with BPD-PH (OR =1.9 (0.52,
6.9); p=0.33). In the entire cohort, including both single-
tons and multiple gestation infants, both any MVM
(OR=1.9 (1.1, 3.2), p=0.02) and severe MVM (OR=3.2
(1.8, 6.0), p <0.001) were associated with development of
BPD-PH.

Neonatal outcomes in singleton vs multiple gestation

BPD-PH was significantly more frequent in infants from
singletons compared to those from multiple gestations
(Table 2; 16 vs 7%; OR=2.7 (1.3, 5.6), p=0.008).
Singleton infants were also more likely to have sepsis and
require laser surgery for ROP. However, there were no dif-
ferences between these two groups in the frequency of any
BPD, necrotizing enterocolitis, PDA, IVH, periventricular
leukomalacia, ROP, or death. Singleton infants remained
more likely to develop BPD-PH compared to multiple ges-
tation neonates after adjusting for mode of delivery, chor-
ioamnionitis, chronic hypertension, placental abruption,
SGA status, and gestational age (adjusted OR=2.7
(1.2, 5.8); p=0.038).

Table 2. Neonatal outcomes by multiple gestation.

Singleton  Multiple
(n=355) (n=135) p values

Any BPD 229 (65) 77 (57) NS
Mild BPD 85 (24) 38 (26) NS
Moderate BPD 72 (20) 23 (17) NS
Severe BPD 63 (18) 17 (13) NS
Severe BPD or death 80 (23) 27 (20) NS
Pulmonary hypertension 57 (16) 9 (7) 0.007
Pulmonary hypertension or death 76 (21) 19 (14) 0.07
Necrotizing enterocolitis NS

Confirmed pneumatosis 78 (22) 22 (16)

Presumed NEC 26 (7) 10 (7)
Sepsis 101 (28) 25 (19) 0.03
Patent ductus arteriosus 165 (46) 5 (48) NS
PDA ligation 56 (16) 16 (12) NS
Any IVH 157 (44) 51 (38) NS
Severe IVH 53 (15) 22 (16) NS
Periventricular leukomalacia 15 (4) 7 (5) NS
Retinopathy of prematurity 164 (46) 57 (42) NS
ROP stage 2+ 86 (24) 27 (20) NS
ROP laser 39 (1) 7 (5) 0.047
Disposition

Home 263 (74) 116 (86) 0.005

Transfer 70 (20) 9 (@) <0.001

Death 22 (6) 10 (7) NS

BPD: bronchopulmonary dysplasia; NEC: necrotizing enterocolitis; PDA: patent
ductus arteriosus; IVH: intraventricular hemorrhage; ROP: retinopathy of
prematurity.

Placental histopathologic domains in singleton vs
multiple gestation

Singletons were more likely to have a placenta with at least
one histopathologic lesion in any domain (acute inflamma-
tion, chronic inflammation, fetal vascular pathology, or
MVM) compared to multiples (Table 3; 96% of singletons
vs 81% of multiples, p <0.001). Singletons were more likely
to have placental lesions of acute inflammation including
both high-stage maternal and fetal inflammation, funisitis,
peripheral funisitis, and villous edema compared to multiple
gestations. Singleton placentas were more likely to have
chronic inflammatory lesions, specifically, chronic deciduitis
with plasma cells. Singletons were also found to have
increased incidence severe MVM, particularly vascular sub-
lesions of MVM including fibrinoid necrosis/acute atherosis,
muscularization of the basal plate arterioles, mural hyper-
trophy of the membrane arterioles, and basal/decidual vas-
cular thrombosis. Villous sublesions of villous infarcts and
distal villous hypoplasia/small terminal villi were also more
common in singletons compared with multiple gestation pla-
centas (see Fig. 1). There were no differences in the fre-
quency of fetal vascular pathology between groups.

Cord blood biomarker levels and discordance among
multiples

In the second sample of 74 preterm births (mean GA
30.8+£2.1; mean birth weight =1494.0 +373.8), 39 single-
tons and 35 multiples were identified. All had complete
cord blood biomarker data as well as corresponding clinical
outcomes and placental histology data. Median biomarker
levels of the 12 analytes according to singleton and multiple
gestational status are shown in Table 4. Among the mul-
tiples, 13 completely matched pairs of twins and one set of
triplets were identified. The remaining were unmatched mul-
tiples. Biomarker discordance was highly variable among
the 12 analytes, with median values ranging from 17%
(endoglin) to 81% (epidermal growth factor (EGF)) (see
Table 4). Only one set of twins were monochorionic/dia-
mniotic the remaining were di/di. Upon restriction to di/di
twins, the biomarker discordance patterns did not change,
with the exception of two biomarkers (EGF and angiopoie-
tin-2) reaching the significance threshold (P <0.05) for
MVM and villous changes. There were seven cases of PH
disease at 36 weeks corrected age, but only one patient was a
multiple. This twin with PH had MVM on placental hist-
ology, while the sibling had neither MVM nor PH disease.
Unfortunately, cord blood was not obtainable from the
non-affected twin, so biomarker discordance could not be
determined.

Discussion

To our knowledge, this is the first study to investigate asso-
ciations of placental pathology on BPD-PH in a large
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Table 3. Placental histologic domains by multiple gestation.
Singleton Multiple
(n=355) (n=135) p Values
Placental weight (grams) 227 (79) 313 (189) <0.001
Small for gestational age placenta 97 (27) 48 (36) NS
Bilobed placenta 0 2 (1) 0.022
Fibroid 3() 0 NS
Any placental lesion 341 (96) 109 (81) <0.001
Acute inflammation
Acute inflammation 216 (61) 72 (53) NS
Maternal inflammation 215 (61) 70 (52) NS
Maternal high-stage inflammation 161 (45) 40 (30) 0.002
Fetal inflammation 168 (47) 43 (32) 0.002
Fetal high-stage inflammation 129 (36) 23 (17) <0.001
Funisitis 126 (35) 22 (16) <0.001
Peripheral funisitis 36 (10) 4 (3) 0.01
Villous edema 128 (36) 29 (21) 0.002
Chronic inflammation
Chronic inflammation 114 (32) 15 (1) <0.001
Chronic villitis 8(2) 0 NS
Chronic basal villitis 9 (3 0 NS
Chronic deciduitis with plasma cells 70 (20) 11 (8) 0.002
Chronic chorion and amnion inflammation 30 (8) 2(2) NS
Chronic decidual perivasculitis 4 () 0 NS
Chronic intervillositis 7 (2) 0 NS
Fetal vascular malperfusion
Fetal vascular pathology 66 (19) 26 (19) NS
Thrombi 35 (10) 18(13) NS
Thrombi chorionic vessels 28 (8) Il (8) NS
Thrombi stem villous vessels 10 (3) 7 (5) NS
Thrombi umbilical vessels 4 (1) 0 NS
Avascular villi 37 (10) 18 (13) NS
High-grade fetal vascular malperfusion 11 (3) 32 NS
Maternal vascular malperfusion
MVM any 177 (50) 55 (41) 0.07
MVM mild 53 (15) 24 (18) NS
MVM moderate 64 (18) 25 (19) NS
MVM severe 60 (17) 6 (4) <0.001
MVM vascular sublesions
Any maternal vessel pathology 112 (32) 14 (10) <0.001
Fibrinoid necrosis/acute atherosis 55 (17) 2(1) <0.001
Muscularization of the basal plate arterioles 73 (21) 4 (3) <0.001
Mural hypertrophy of the membrane arterioles 47 (13) 6 (4) 0.005
Basal/decidual vascular thrombosis 20 (6) 2. (1) 0.047
MVM villous sublesions
Any maternal villous changes 162 (46) 52 (39) NS
Villous infarcts 52 (15) 54 0.001
Increased syncytial knots 150 (42) 46 (34) NS
Villous agglutination 21 (6) 54 NS
Increased perivillous fibrin 27 (8) 13 (9) NS
Distal villous hypoplasia/small terminal villi 138 (39) 39 (29) 0.04

(continued)
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Table 3. Continued

Singleton Multiple
(n=355) (n=135) p Values
Other placental pathology
Histologic evidence of abruption 69 (19) 19 (14) NS
Remote membrane hemorrhage with hemosiderin 31 (9) 54) 0.06
Basal plate with hemosiderin 21 (6) 2 () 0.04
Chorioamnionic hemosiderosis 18 (5) 7 (5) NS
Massive perivillous fibrin deposition 3(1) 0 NS
Subchorionic/intervillous hemorrhage/thrombosis 24 (7) 8 (6) NS
Amnion nodosum 8(2) 2 () NS
Umbilical cord abnormality
Any cord abnormality 49 (14) 22 (16) NS
Hypercoiling 20 (6) 0 0.005
Velamentous insertion 7 (2) 15 (1) <0.001
Marginal insertion 17 (5) 10 (7) NS
Pseudoknot 2(1) 0 NS
Two vessel cord 2. (1) I (1) NS

MVM: maternal vascular malperfusion.
Notes: Numbers represent means (SD) or number (%). Statistics calculated using Chi squared or student t-tests where appropriate with
significance defined as p < 0.05. Any placental lesion includes acute inflammation, chronic inflammation, fetal vascular malperfusion, and
maternal vascular malperfusion.

Fig. I. Histologic lesions of maternal vascular malperfusion. (a) Decidual vessel showing acute atherosis characterized by fibrinoid necrosis of the
vascular wall and numerous foamy macrophages (arrow) within the wall. (b) Basal decidual vessel with persistent muscularization characterized by
a thick coat of smooth muscle (arrow). (c) Chorionic villi showing distal villous hypoplasia characterized by long, slender villi with reduced villous
branching. (d) Villous infarction characterized by collapse of the intervillous space and coagulative necrosis of the villous tissue.

cohort of singleton and multiple gestation preterm infants.
We found that discordant BPD-PH in multiples was
not associated with discordant placental MVM in this
cohort. However, we found a 2.7-fold increased odds of

BPD-PH in singletons compared to multiple gestation
infants. Furthermore, there was an increased frequency of
SGA infants, placental lesions (particularly MVM, acute
inflammation, and chronic inflammation), sepsis, and ROP



7

Volume 10 Number |

Pulmonary Circulation

“(PoAOWRL SUIMY D1IOIULLBIP/21UOLIOYIOUOW) SUIMY IP/IP O3 UONDLIISAI JBYINS JBYE (00 > d

'S1593 WINS->ueJ UOXOD|IAA Suisn padedwod pue (YQ|) uelpsw se psjussaud elep (500 > d,

"YaE3p JO (BLIDILID SNSUISUOD H|[N]) SSEISIP 9.I9A9S—31EISPOW SE Pauldp ddd

(001 Aq pandnjnw ‘eAs| 4aySiy oy Aq PSPIAIP S|9AS| USDMIDQ OUBJIBYIP INjosqe) sSuljqls USSMIB S|9AJ| JadjJewolq Suisn pale|nNd[ed SJUBPIOISIP % S9ION

‘uoisnjiadiews JendseA [eusatew AN ‘SisAjeue

Joj auspiyns 30u Aanuenb :GNQD ‘y-10108) YIMOUS [BI[SYIOPUS JBINISBA 1\/-{DIA 710198} YIMO.S 1se|qo.ql (7D (10128} Yamous [eauade|d 15T ‘403128) Yamoud aji-4H3 3ulpuiq uliedsy :H3gH 10108} YImous
oneday o ‘g-upjnajuLul :g-| ¢|-ulpyIopua :| 13 ‘uSopus :HN3J ‘g-uidroad dussoydiow suoq :gdiag 40328} Suneinwns Auojod-214d0|nuels :4S$D-0) ‘Z-unalodoidue :7HNY ‘10108 Yamous [ewapids 1453

000 g9 T)eL (r0 9oy (688¢) 68 (29 ‘ST) 19 (££'9) ss (99 °0) 0 (08 °2) 19 (16 'S) 1L (zs ‘€0 vt (€1 %) €1 (88 “07) 88 §=u‘s9q

(£s0) 28 (950l ey (65°sD S (99°s)8e (85 v0) 6T (0L ‘OK) 09 (99 ‘8) T (9T 9) ¥ (s ‘T0) 6T (€L ‘67) s€ (ov ‘o1) ¥z (68 ‘s€) 18 pT=u‘oN
adg

(L€ °0) 0 (e£'s0)¥9 (s 19y (9108  (85°S0) I+ (22 ‘0v) 85 (79 “0) ST (9T 8) 11 (s ‘T0) €€ (€5 ‘v0) s¢€ T 9D¥l (8800 I8 IT=u ‘sap

(b2 '8€) 6§ (WL ¥¥) ¥S (€8¥E) S¥ (s8°28)¥S  (Lz11) €T (99°10) 09 (88 °9) T WL ) 11 s ¥1) T (€210 1€ (08 ‘01) 67 (86 ‘69) 08 g=uoN
sa3ueyd snoj|IA

(99 £€) 1§ SNO (1Is'so8e (b 10te (b ‘91) 8T (T6°L) ev ( (65 °€) I€ (9T *p) S| (g€ ‘9) 0T (s€ ‘s7) og (ov ‘N 1T (12 ‘0) 9¢ T=u‘sa)

(0o (€2 '6€) 15 (6S‘11) s¥ (s860) 86 (@9 YD) 6T  IL‘Ob) 85 (99 ‘¢) €¢ (19 °2) £1 (#S ‘T0) 8¢ (12 ‘s7) s¢ (ov s) 61 (68 ‘s€) £8 LT=U‘ON
yaed |ossap

ae(9% 0) 0 (€2°28)09 (S“11) 9% (99170 8¢ (85 ‘v2) € (L2 ‘0¥) 95 (6§ 0) ST (9T ) 11 (s¥‘s1) 1€ (€5 ¥0) s€ T 9) ¥1 (88 ‘00) 18 TC=u‘sa)

(e8c)ts (16 ¥ ¥S (98 ¥b) S (98 ‘0€) 99 (z29) 6T (69 ‘s€) €9 (€6 8) T (92 %9) £1 s 70 w (¥L ‘60 1€ (#861) 6T (86 ‘19) 68 L=U‘oN
WAIW Auy

(zs‘0) ez (e£'68) LS (65 ‘SO Sv (s8‘60) 8 (29 ‘vD) 6T (1L °‘Ob) 8S (99 ¥) €€ (19 °2) £1 (#S ‘T0) 61 (12 ‘s7) s¢ (ov s) 61 (68 ‘s€) I8 6T=U IV

(YOI) ueipsw ‘eduepaodsip %
‘¥ (6017202 Tol  (1oy ‘€51) 1¥T (951 ‘€0) §9 (9206 ‘TIST) £98€ (8T ‘€) 8  Se=u ‘aydnnyy

‘v) 6  (bL0T ‘6SL) 1511 (€8F ‘£0D) 19T (SI11 ‘¥E) ¥8 (9486 £88T) ¥99% (99 ‘€) €1 6€=u ‘uoiz[BuIg
(4OI) ueipaw “qw/2d ewseld poojq pJod

(el 1y  @De (e8€1) e (929 6€) vt (OTh) 6 (T
(88c1) el (so1‘08) 6y (8°1) € (98°c1) s€ (908 ‘Sy1) 968 (98 ¥) 91 (€

V-493A 454 197d 493dH 19H 81l 113 INE| 6diNd ENORO] (ONV 4193

‘adg pue WAW [eauadeld o1 Suipaodde ‘syiiiq uoneisad ajdnjnw ur sduiqis Suowe adUBpP.IOdSIp JUdJad pue S|9A9| JdIBWOIq POO|]q PIOD) ‘b d|qel



8 |

Placental discordance in multiple gestation pregnancies on BPD-PH

Franklin et al.

surgery in singletons compared to multiple gestation
placentas.

This study did not support our hypothesis that discord-
ant MVM was associated with discordant BPD-PH in mul-
tiple gestation infants. This may be because our sample size
of multiple gestation dyads and triads was not sufficiently
large and had a relatively low incidence of MVM and BPD-
PH discordance among the groups. It also may be related to
our finding of fewer placental pathologic lesions in multiple
gestation pregnancies. However, in the overall cohort, we
show a three-fold increase in odds of development of
BPD-PH with severe MVM, which supports previous stu-
dies showing this association.’”’

This study shows a novel finding of increased risk of
developing BPD-PH in singletons compared to multiple ges-
tation infants. There were more placental histopathologic
lesions from multiple domains in singleton placentas.
Specifically, we found that MVM was more frequent in
singleton placentas as compared with placentas from mul-
tiple gestations. Perhaps this may reflect the different rea-
sons that multiple gestation pregnancies may deliver
preterm compared to singletons.®*'?* Compared to previ-
ous studies looking at placental pathology in preterm birth,
this study was unique in that the cohort was less than 29
weeks gestation, so by inclusion, all infants are born prema-
ture. Our data, mirroring previous studies, shows more pla-
cental pathologic lesions in singletons compared to multiple
gestation preterm placentas.!' '*** The difference in fre-
quency of placental lesions suggests the underlying etiology
for preterm birth may be different in singleton and multiple
gestations.

In the second sample of 74 births with corresponding
cord blood biomarker data, analysis of multiples versus
singletons support the findings of the retrospective cohort
that MVM discordance and PH disease among multiples is
relatively rare. We also found that biomarker discordance in
cord blood varies widely between siblings. We speculate that
this may be dependent upon the type of cytokine/growth
factor, with factors known to regulate angiogenesis
(angiopoietin-2, endoglin, and vascular endothelial growth
factor-A (VEGF-A)) having apparently lower (although not
statistically significant) discordance as compared with
inflammatory cytokines (e.g. interleukin-8, granulocyte-
colony stimulating factor). Overall, the biomarkers did not
vary significantly among singletons and multiples. This is
contrary to our findings of placental vascular pathology in
the retrospective cohort. Furthermore, we found that dis-
cordances of certain angiogenic factors (angiopoietin-2 and
VEGF-A) were lower with placental MVM, in particular
with villous changes (Table 4). Collectively, these findings
might suggest that angiogenic balance among twins may
play a role in modifying placental vascular changes in
multiple gestation. While there were some signals of
increased FGF-2 discordance and decreased VEGF-A
discordance with BPD, the sample size was very small and
further investigation in a larger sample is warranted.

There are several strengths of this study. To our know-
ledge, this is the largest study of BPD-PH outcomes among
preterm infants that takes into account multiple gestation
status and the presence of discordance versus concordance
in placental pathology and lung vascular phenotypes.
Monochorionic, dichorionic, and trichorionic gestations
were included in this study, expanding the sample size and
generalizability. This cohort also has comprehensive infant,
maternal, and placental data, allowing for investigation of a
wide range of covariates of preterm birth, BPD, and PH.
Placental histology was performed masked to the study
question and BPD-PH outcomes. This study was limited
by the small sample of BPD-PH discordant twins; however,
we may be the first to report on the incidence of BPD-PH
discordance in a population of <29 week infants. Similarly,
we report that the occurrence of MVM discordance was
infrequent in this preterm population, a finding also not
previously reported in the literature. This study was limited
by the low number of multiple gestation infants who devel-
oped BPD-PH requiring grouping of mono, di, and tri-
amniotic and chorionic placentas, which did not allow for
assessing the impact of different types of placentation on
BPD-PH risk.

To conclude, this study validates our previous
report that placental pathologic changes of MVM are
associated with the development of BPD-PH.” MVM
discordance, however, is not associated with the devel-
opment of BPD-PH or with BPD-PH discordance. In add-
ition, there are also fewer pathologic abnormalities
among placentas from preterm multiple gestations, sup-
porting the concept that the etiologies of preterm birth
are dissimilar among women with differing plurality.
In larger studies linked to closely associated biomarkers,
validation of these findings can elucidate mechanisms of
the early fetal origins leading to neonatal pulmonary
hypertension.
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