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Abstract

Aim:This studyinvestigatel whetherchorioamnionitisvas associated with
increasedsinflammation, dyslipidaemia, and adverse cardiovascular phenotipes in
immediate postnatal periolil ethods: This prospective caseontrol studyincluded
preterminfants (30° - 35'° weeks gestational agéA) whose mothers did not have
pregnancy-related conditions that may influence outcomes. Chorioamnionitis was
diagnosed-by placental histology and infaméedivided retrospectively into cases
(chorioamnionitisexposed) and controls (unexposeésBrumhigh sensitivity C-
reactive proteifhsCRP) lipid profile, far-wall abdominal aortic intimanedia
thickness(alMT) and blood pressure (B¥re measureith the first week of life.
Results: There were 20 (16 male, mean GA 32.4 weeks) cases aid &iale,mean
GA 32.6weekg controls.Histological chorioamnionitis was associated with a
significantincrease in hsCRBNnd a non-significant trend towarals adverse lipid
profilerThere was no evidence differences iraIMT or BP.Conclusion: Preterm
infants exposed to chorioamnionikiave greater postnatal inflammatidimere were
no earlypostnatal differences in alMdr BP. The inflammatory stimulus of
chorioamnianitis late in gestation may be of insufficient intensitydamdtion to
result inimmediate postnatallterations tarterial structureCardiovascular follow
up of infants exposed to chorioamnionitis may iderdifferentialrisk trajectories

and 'subsequent inflammatory responses.
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Key notes

e |Inutero factorsduring fetal developmemfluence early postnatal
intermediate cardiovascular phenotypes in offspring, but the role of perinatal
inflammation (chorioamnionitis) is unknown

e Wereportthat peterm infants exposed to chorioamnionitis have increased
postnatal inflammation, but no immediate postnatal differencesriit a
intima-media thicknessr blood pressure.

e Cardiovascular followup of infants exposed to chorioamnionitis may identify

differential risk trajectories and subsequent inflammatory responses

I ntroduction

Atherosclerosis is a chronic inflammatory prodesginningin early life
which mayinitiate in utero. Initial accumulatiorof immune cells antipid within the
arterid intima-mediacausesmooth muscl@roliferation andurther recruitment of
inflammatory cellg1). Autopsydatashowthatthefetal distalaorta isthe primary site
of lesion formation (2). Approximately half of infants <6 months have coronary artery
lesions(3)~Althoughatherosclerotitesions may regress during early childhoibe,
frequency appears tocrease agaiim late childhood anddolescencé3), particularly
in those exposed to risk factors that kighly predictive ofatherosclerosis
progressionn later life (4). Although atherosclerosis is universal by adultheady

life factors may influence theonsiderable inteindividual variation in severity

The inijtiation and progression of atherosclerasessociated in pantith
exposure-tg@erinatal factorsincluding abnormal fetal growth and birth size, maternal
diabetes, dyslipidaemia, and smoking (5). All ofsthéactors are associat@ith an
increase‘imewborn artic intimamediathickness (alMT)amarker of preslinical
atheresclerosi). Aortic IMT is assesselly ultrasoundand is a reliable and
repraduciblestool in newborn infant#t is recommended by the American Heart
Association as part of theoninvasive assessment rfe-clinical atherosclerosis in

children and adolescer({s).
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In newborn infants witlincreased alMTinflammatory mediators are
significantly increased in amniotic flu{@), and in materng®), cord (10), and
childhood plasma (11). High sensitivity C-reactive proteBCRP) is awidely used,
dynamicand sensitive marker of inflammatiahough is functional significance in
atherosclerosis is uncleglr?2). A proatherogenic lipid profiledlevatedotal
cholesterol, low density lipoprotein (LDL) and triglycerijiessassociated with
increasedhewbornalMT andis awell-established risk factdor atherosclerosis in
adultheod {3). These data are consistent with the consensus that chronic
inflammationand dyslipidaemia areentral to atherosclerosimiset and progression
(14).Despite this, there are no datathe relationshipetween perinatal

inflammationand the development of stlimical atherosclerosig newborn infants.

Perinatal inflammatioichorioamnionitis) of the placental chorionic plate and
fetal membranes associatewith ascendingnfection thatiriggersa maternal
inflammatory responsén severe caseshorioamnionitigesults ina fetal
inflammatery responsiavolving the umbilicalvesselg{which originate fron the
abdominal . aorta) and Veton'’s jelly (funisitis) (15). Maternal symptoms are poorly
predictive of chorioamnionitis and consequerglmiquantitative histological
staging assessmaeottinflammation of theplacenta, membranes and cord is the
diagnostic standard. Chorioamnionitis affects up to one irtéing anda thirdof
preterm pregnanci€46). It is associated with a range of advessécomes in ex-
preterm infantsncluding retinopathy of prematuritgerebral white matter damage,
and pulmonary and systemic hypertension. Furthermuoeesftects of
chorioamnionitis on postnatal immune function alter the risk of newborn and
childhoed infections, such #ste-onset neonatal sepsiad respiratory infections
(15). Animal.models suggest that lambs exposed to intrauterine inflammation develop
persisteryrincreasegulmonary andgystemic arterial pressur€sr). There are

limitedshumandata on the cardiovascular sequelae of chomonitis.

Thesaim of this study was tovestigate the association betwédgstological
chorioamnionitis and markers of pcénical atherosclerosi@IMT, BP andserum
biomarkers) ipreterminfants exposed to chorioamnionitis agektational age (GA)

matched controls.
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Patients and methods

Study population

Thisprospectiveeasecontrol studywas carried out at tHeoyal Women’s
Hospital(RWH), Melbourne between August 2013 and June 2014 following
institutional ethicapproval. All newborn infantadmitted tahe intensive and special
care unitbetween 31 and 35° weeksGA were assessddr eligibility. We selected
moderately,preterm infants as potentially confoundingncobidities are less
common_ and chronic (as opposed to acute) chorioamnionitis iscowr@onthan in
extremely/preterm birth&xclusion criteria werenaternal conditionassociated with
abnormalvascular parameters in the offspriimggludingmaternal renal impairment
pre-existingor, gestationatliabetes mellituspre-eclampsiaautoimmune,
autoinflammatory, oncological or other conditions treated with imnmogulating
drugs during pregnancy. Infantsth major congenital abnormalities, aneuploidy or
intrauterine.growth restriction (<T@entile)were excludedWritten informed
consentwas obtained from thegat(s) of all eligible infantsvithin 72-hours

postpartum.
Clinical assessment

On day three of lifd mL of bloodwascollectedin conjunction with clinical
tests from eacinfant by heel prick or venepunctu®erum was separated by
centrifugation, snap-frozen and stored at -80°C for batch analgsisnSamples
wereanalysed for hsCRRotal cholesterolhigh-density lipoprotein (HDL), low-
density'lipoprotein (LDL), and triglycerides. Within 7 days postpartum the abdominal
aortic artery:was imageuay trans-abdominal ultrasound usiabigh-frequency
GeneralElectric (GE) 12L-RS linear array transducer-{8MHz). At least three
independent high-resolution images of a straight, non-branching 1cm segment of the
proximalabdominal aorta of each infamtre obtained. Images were captured at the
end of diastole (gated on tB G ‘R’ wave) and a 10mm segment of the far wall was
analysed usin@arotidAnalyzemautomated offline edge-detection software (version 6,
Medical Imaging Applications). Abdominal alM¥ias measured as the distance from

the lumenintima interface to thenediaadventitia interface. Blximum, minimum and

This article is protected by copyright. All rights reserved



meanabdominabIMT, as well as the minimuiortic lumerdiameteywererecorded

for each image and averaged across all images for each newfaotnThree

individual pre-ductal (right arm) blood pressumeasurements weodtainedfor each
infant using a standard neonatal Dinamap BP cuff appropriate for infant size, and the
arithmetieemeamised for analysis. Alllmical assessments were complebéidded to

placental histology

Placental pathology

Samples of placenta, umbilical cord and chorioamniotic membregres
collected atll births <36 weeks gestati@t the RWHand examined for evidence of
inflammation Using standardised techniqudassties weréormalin-fixed, paraffin
embeddedsectioned and stained witlematoxylin and eosifor microscopic
investigation.The presence arektentof neutrophil polymorphnfiltration in each
tissue typaleterminedhe severity of both the maternal and fasdlammatory
responselfhe maternal inflammatory response is charasdrby neutrophil
accumulation in the subchorionic fibrin, chorionic plate, membranous connective
tissue and/or amnion, and in severe cagesosis. Neutrophil migration into the
chorionic plate andmbilical vessels and Wharton's jelly represenfistal

inflammabry response.

Newborns wereategorized retrospectiveiyto cases and contraby
placentahistgpathology. Cases had histological evidencemtdmmation whereas
controk had no inflammation. &eswvere also subdivided into “maternal” (evidence
of maternal inflammatry responsenly) and “fetal” (evidence of maternal and fetal

inflammabry/responseto allow investigatiorof chorioamnionitisseverity

Statistical-Analysis

Analysis was performed using Stata/IC version 13.0 (StataCorp LP, Texas,
USA). Percentages were calculated for categorical variables, whereas means and
standard deviations were determirfiedcontinuous variable&isher’s exact testnd
Student’s ttest were used to compare categoraral continuous variablestheen

groups (cases and controls), respectively. Weletésttwas used to compare
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continuous variables in cases of unequal variddoezariate analysigwvestigating
the association between the presence / absemt®obamnionitis and the outcome
variables (aIMT and BRyasdone usin@ single model linear regressid@ingle
model multivariate regression was also conducted to adjust for birth wesgbtez-
pretermpremature rupture of membran®PROM) infant sexand minimum aortic
lumen diamete(to account for differences in alMT that occur with differences in
growth).Weanalyse the following parameters in relation to aIMFPROM,
maternal antibiotic use during pregnancy or lab@4#, birth weight, birth weight z-
score, infant sex, BP, Apgar scores at 1 and 5 minutes, newborn anthropometry and
serum hiochemistry measurementsing single model linear regression. Outcome
variables (@alMT,BP and seruniiochemistry were assessdmasedon the severity of
chorioamnionitis using onaay analysis of variance (ANOVAbllowed by apost

hoc Scheffe test in cases of statistical significameall tests, P8.05 was considered
statistically significant.

Results

Study population

A total o 51 preterm awborn infantsvererecruited and assessdtlacental
pathology confirmeahorioamnionitisn 20 infants (6vith maternal inflammatory
responsand 14 withmaternal and fetal inflammatory responaad 3linfantswere

controls Characteristics of the study population are shiowiable 1.

Chorioamnionitis vas associatedith a significant increasa antibiotic
exposure during pregnancy (85% vs. 3$840.01), an obstetric diagnosis of
chorioamnionitis (50% vs. 69%$<0.01) and the presence of pathogenic vaginal
organisms«(75% vs. 29%<0.01). The mode of delivery wasnilar between groups,
exceptiferan‘increased proportiaf Ventouse forceps delivesenthe
chorioamnionitis group (5% vs. 3%=0.03). Males weresignificantly over
representeeh thechorioamnionitisggroup (80% vs. 399%=0.01); all otherinfant
characteristicsvere similarbetween groups

Serum Biochemistry
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Biochemical data weravailablefrom 19infants with chorioamnionitis (5
with maternal inflammatory response only and 14 with both maternal and fetal
inflammatory response) and 29 controls. Chorioamnionitis was associated with a
significant increase indCRP(mean CRP 2.93 vs 0.45mgM:=0.01 Table 3, which
was most'marked betweeasewith maternal inflammatory responaadcontrols
(P<0.01;Table 3. Other biochenual measurements wermt significantly different
betweerthe groups, although there was a trend towards a pro-athertigehprofile

in cases (Table)2

Cardiovascular measurements

There was no significant difference in alNiean0.35 vs.0.36 mm,
maximumoO0.48 vs. 0.50 mm and minimum 0.41 vs. 0.42 mnB®(systolic 69.95
vs. 68.74 mmHg, diastolic 46.95 vs. 42.29 mmHg mean52.79 vs51.52 mmHg),
in cases versus controls (respectiv§lgbles 3 and 4)There was also no significant
relationshipbetween aIMT and B§erum biochemistrgneasurementr clinical

data.

Discussion

Moderately preternmfants born following pregnancies complicated by
histologicalchorioamnionitishadevidence of persisting systemic inflammation at 72
hours of age; but no differences in aIMT or BP comparedmtrols There was a
non-significant trend wwardsa proatherogenic lig profile in chorioamnionitis
exposed infants. Increased unial cord bloodCRP has beereportedn infants
exposed.to.choraimnionitisand those mounting the fetal inflammatory response
utero (18)=Qur results build on these findings by showing that inflammation
continues=after birth and persigt$o the early postnatal perioth adults hsCRFs a
widely-used marker for cardiovascular risk assessmedis associated with
atheroscleresis and altered blood pressure (19). Reduced mean and diastolic BP (20)
andincreased left ventricular complian(Zl) have been reported in infants exposed

to chorioamnionitis.
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There was some evidence thatints exposed to chorioamnionitis had higher
total cholesterol, LDL and triglycerides, and lower HDL than controls, indicafige
pro-atherogenic lipighrofile. Similar lipid alterations and increased alMTviesbeen
reportedn infantsborn to mothers ith preeclampsi§l3) and macrosomic infants
exposed-todiabetés utero (22). The prolongedn utero exposure in these conditions
may result in\vascular remodellingeflected in postnatahangesn alMT. In
contrastthe relatively brieinflammatory stimulus fron chorioamnionitidate in
gestation may be insufficient to affect postnatal arterial struautbese changes
may occuilater in infancy Serial aortic ultrasounds may be warranted to teatzial

remodellingfollowing chorioamnionitis.

Emerging evidence suggests that the innate immune system may be primed
upon first exposure to a stimulus and subsequently elicit a heightéla@amatory
responséo future insult§23). Previous studies have shown that chorioamnionitis is
associated with a decrease inJateset sepsis anméspiratory distress syndrome
(RDS), presumably due to induced maturation and the stimulatory effects of the fetal
immune,systi in utero. Conversely, chorioamnionitis has also been linked with
amplified pulmonary inflammation, surfactant dysfunction, increased chronic lung
disease, cerebral palapd earlyonset sepsi€l5). Infants exposed to
chorioamnionitis may be prone &dheightened inflammatory response to subsequent
postnatal stimuli, including childhood infection (to which they have heightened
overall susceptibility24)), and other pro-atherogenic determinants, such as
dyslipidaemia, metabolic syndrome, and cigarette smiMeehave recently reported
that childhood infection is associated with increased adult cardiovascular disease, and
abnormal risk parameters, including obesity (2Bngitudinal investigation of

infants 'exposed to chorioamnionitswarranted.

Our-methodological approatias a number aftrengthsFirstly, we used
abdominal 8MT as amarker of preclinical atherosclerosis, whiaghaybea more
discriminaterymeasuref subclinical atherosclerosisan carotid IMT (cIMT), andis
easier tamage in infantsAortic IMT showsgreater overall thickness, more inter
individual variability, and greater increase with #8&). The abdominal aortathe
first site of atherosclerosis development (Z)like many studies, we adjusted alIMT

measurements for vessel size, as unadjusted measurements may result in spurious
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associationsWe also used serautomated IMT image analysis software, which is
more reproducible thacalipermeasurement of IMT27). Secondly,he incidence of
histological chorioamnionitis is inversely related@d at birth(28), butit becomes
increasingly difficult to asesghe independent effects of chorioamnionitis as
gestation'decreases and neonatal morbidity and mortality incvéagterefore
focussed omoderatelypreterminfants and appliedtrict exclusion criterizn an
attempt to identifithe effects of chorioamniitis independent of complications
associated with prematurityhirdly, retrospective allocation of participantsstody
groups enabled blinding of investigators during recruitment and clinical assgssme
Finally; llection of newborn bloodamples onlay 3 of lifemore accurately reflest
theinfant’slipid profile, which may bealteredin cord bloodoy maternabnd

perinatalfactors(29).

We acknowledge soniinitations, particularly the modesample size.
Previous analogous studies of abdominal alMT in hmigkinfants, such as those with
growth restriction, have used gros@mple sizes of 25 infan80) and demonstrated
significant differences between these infants and controls. However, despite recruiting
a similar number of participants we found no significant effects of cmin@nitis
on abdominal aIMTFurthermore,lte number of chorioamnionitis caseih only the
maternal inflammatory response wasited, restrictingour findingsrelated to
chorioamnionitis severityNotwithstanding, our data do not suggest that increasing
the overallsample sizevould alter the findings on alMT or BP, although more

participantsmay clarify the trends observed lipid profile.

In_conclusiongchorioamnionitis was not associated with increagstbminal
alMT_and. BRInfants exposetb inflammationin utero hadincreasechsCRP ana
trend towards pro-atherogenic lipighrofile. These observations may be indicative of
anincreased risk of atherosclerosis in later #ifed longitudinal studies avearranted
We hypothesise that oearly assessment of alMiiay have precluded time for
structural'changt the arteryfollowing exposuréate in pregnancywhich should be
taken into account during future investigations. Subsequi#ammatory insults
during childhood and early adolescence in individuals exposed to chorioamnionitis
utero may affect the progression atherosclerosidJnderstanding the initiation and

progression of atherosclerosis in early life will allow the development of strategies to
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alter cardiovascular risk trajectories and ultimately prevent mityland mortality

associated with atherosclerosis.
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Tables

Table 1."Population description and pregnancy outcomes

15

Cases (n=20) Controls(n=31)  P-value’
M ater nal age (years)® 32.25 (6.42) 32.06 (4.41) 0.90
Nulliparous 6 (30%) 15 (50%) 0.24
PPROM 15 (75%) 14 (45%) 0.08
Antibioticsreceived during pregnancy 17 (85%) 11 (35%) <0.01
Antibiotics recelved during labour 13 (65%) 11 (35%) 0.08
Obstetricidiagnosis of chorioamnionitis 10 (50%) 2 (6%) <0.01
Organisms present on vaginal swab 15 (75%) 9 (29%) <0.01
Mode of Delivery
Vaginal (vertex) 10 (50%) 11 (35%) 0.39
Vaginal (breech) 1 (5%) 1 (3%) 1.00
Caesarean (in labour) 1 (5%) 0 (0%) 0.40
Caesarean (not in labour) 6 (30%) 17 (55%) 0.09
Forceps 2 (10%) 1 (3%) 0.56
Ventouse 5 (5%) 1 (3%) 0.03
Highest levelrofresuscitation
Cardiac compressions 1 (5%) 0 (0%) 0.40
CPAP /| PEEP 4 (20%) 11 (35%) 0.35
Face maskwentilation 6 (30%) 9 (29%) 1.00
None 9 (45%) 11 (35%) 0.57
Gestational age (completed weeks)® 32.35(1.81) 32.61 (1.80) 0.61°
Male births 16 (80%) 12 (39%) 0.01

This article is protected by copyright. All rights reserved



16

Birth weight (g)® 2027.20 (451.63) 1999.74 (385.84) 0.8%
Birth weight z-score® 0.46 (0.98) 0.37 (0.80) 0.7
Apar scoreat 1 minute® 6.60 (2.28) 7.29 (1.90) 0.25
Apar scoreat 5 minutes® 8.20 (1.54) 8.35 (0.88) 0.65
Newbor n head-eircumfer ence® 30.44 (2.08) 30.52 (1.52) 0.8¢
Newbor n pondral index? 0.02 (0.003) 0.02 (.005) 0.13
®Mean (SD)

PP.values fram Fisher's exact tests, unless otherwise specified
‘P-values from Student’stests

dp-values from Welch's test

Table 2. Serum biochemistry measurements based on presence / absence of

chorioamnionitis

Serum biochemistry Cases Controls Mean difference  P-value’
(n=19) (n=29) (95% ClI)
High sensitivity CRP (mg/L)  2.93 (4.23)  0.45 (0.45) -2.48 (-4.52, -0.44) 0.02
Total cholesterol (mmol/L) 3.31(0.85) 3.18 (0.85) -0.12 (-0.63, 0.38) 0.62
HDL cholesterol (mmol/L) 0.87 (0.38) 1.03(0.29) 0.16 (0.03,0.35) 0.10
LDL cholesterol (mmol/L) 1.82 (0.76) 1.69 (0.78) -0.13 (-0.59, 0.33) 0.57
Triglyceride (mmol/L) 1.19 (0.76) 0.95 (0.34) -0.24 (-0.62, 0.14) 0.21

Data presented.are mean (SD)

bp_values fromrStudent'stests
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Table 3. Serum biochemistry, abdominal ultrasound and blood pressure measurements

based onsseverity of choriomanionitis

Severity of chorioamnionitis

M ater nal Fetal Control P-value?
Serum biochemistry (n=5) (n=14) (n=29)

Total cholesterol (mmol/L)  3.00 (0.19) 3.42 (0.97) 3.18(0.85) 0.57
High sensitivity CRP (mg/L) 3.86 (7.72)* 2.60 (2.45) 0.45 (0.45)* <0.01
HDL cholesterol (mmol/L) 0.84 (0.52) 0.88 (0.32) 1.03(0.29) 0.26
LDL cholesterol (mmol/L)  1.47 (0.23) 1.95(0.85) 1.69(0.78) 0.42

Triglyceride (mmol/L) 1.45 (1.04) 1.09 (0.65) 0.95(0.34) 0.16
Mater nal Fetal Control P-value®
Abdominal ultrasound (n=6) (n=14) (n=31)
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Meanminimum alMT (mm) 0.34 (0.07) 0.36 (0.08) 0.36 (0.07) 0.87
Mean maximum alMT (mm) 0.48 (0.09) 0.48 (0.09) 0.50 (0.08) 0.80
Mean average alMT (mm) 0.40 (0.07) 0.42 (0.08) 0.42 (0.07) 0.78
Mean systolic BP (mm Hg) 75.00 (15.59) 68.14 (12.78) 68.74 (11.20) 0.53
Mean diastolie'BP/(mm Hg) 50.00 (10.95) 45.86 (16.76) 42.29 (10.26) 0.37
Mean average BP (mm Hg) 58.40 (11.26) 50.79 (10.72) 51.52 (10.35) 0.36

Data presented are mean (SD)

®P-values from ANOVAcomparing three groups

*Significant difference between Maternal and Control grois®9(04) using Scheffe test
Abbreviations; alMT, aorta intima media thickness; BP, blood pressure; CRRach+e

protein; HDL4 high-density lipoprotein; LDL, lowensity lipoprotein
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Table 4..Abdominal ultrasound and blood pressure measurements based on presence / aibegioaofionitis

Cases (n=20) Controls(n=31)

M ean difference
(95% CiI)

P-value®

Adjusted mean
difference
(95% ClI)

Mean-minimum alMT 0.35 (0.08) 0.36 (0.07)
Mean maximum alMT 0.48 (0.09) 0.50 (0.08)
Mean averagealMT 0.41 (0.08) 0.42 (0.07)

69.95 (13.47)
46.95 (15.27) 42.29 (10.26)
52.79 (11.09) 51.52 (10.35)

M eanrsystolic BP (mm Hg) 68.74 (11.20)
Mean diastolic BP (mm Hg)

M ean aver age BP

-0.01 (-0.05, 0.04) 0.79
-0.02 (-0.06, 0.03) 0.50
-0.01 (-0.06, 0.03) 0.60
1.21 (-5.88, 8.29) 0.73
4.66 (-2.60, 11.91) 0.20
1.27 (-4.96, 7.50) 0.68

-0.01 (-0.05, 0.06) 0.82
-0.01 (-0.07, 0.04) 0.63
-0.00 (-0.05, 0.05) 0.88
2.89 (-4.89, 10.68) 0.46
6.20 (-1.92, 14.33) 0.13
2.99 (-3.96, 9.94) 0.39

Data presented are mean (SD); CI = confidence interval

Abbreviations: alMT, aorta intima media thickness; BP, blood pressure

®P-values from an unadjusted single model linear regression

PP.vdlues from a single model multivariate regression adjusted for birth wesgiore, PPROM, infant sex and minimum aortic lume

diameter
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