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Abstract

Aim: To investigate how the aetiology of very preterm birth/very low birth weight is
associated with mortality and later neurodevelopmental outcomes.

Methods: Very preterm/very low-birth weight singletons were categorised based on
the aetiology of preterm birth: spontaneous preterm birth (n=47, 28.1%), preterm
premature rupture of membranes (n=56, 33.5%) or placental vascular pathology
(n=64, 38.3%). Mortality, cerebral palsy, severe cognitive impairment by 11 years of
age (<2SD) and mean full-scale intelligence quotient at 11years were studied in as-
sociation with birth aetiology.

Results: There was no difference in mortality or rate of cerebral palsy according to
birth aetiologies. The rate of severe cognitive impairment was lower (4.9% vs. 15.3%)
in the preterm premature rupture of the membrane group in comparison to the pla-
cental vascular pathology group (OR 0.2, 95% Cl 0.03-0.9, adjusted for gestational
age). At 11years, there was no statistically significant difference in the mean full-scale
intelligence quotient.

Conclusion: Placental vascular pathology, as the aetiology of very preterm birth/very
low birth weight, is associated with a higher rate of severe cognitive impairments in
comparison to preterm premature rupture of membranes, although there was no dif-
ference in the mean full-scale intelligence quotient at 11 years. The aetiology of very
preterm birth/very low birth weight was not associated with mortality or the rate of

cerebral palsy.
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1 | INTRODUCTION

Preterm birth is a risk factor for t:ognitivei’2 and motor®™ impair-
ments such as cerebral palsy (CP), while some preterm infants sur-
vive without these neurodevelopmental impairments. Preterm birth
has several aetiologies with different growth environments for the
foetus. Different intrauterine environments preceding very preterm
birth might explain part of the variation in long-term neurodevelop-
mental outcomes.

The common causes of preterm birth include spontaneous onset
of preterm labour with intact membranes, preterm premature rupture
of membranes (PPROM) and iatrogenic preterm birth due to a mater-
nal or foetal indication.®* An iatrogenic preterm birth is often a con-
sequence of pre-eclampsia and/or intrauterine growth restriction.®*
In addition, multiple pregnancy is a common aetiology for preterm
birth. Multiple pregnancy is a heterogeneous group including mono-
chorionic and dichorionic twin pregnancies, and higher order preg-
nancies. Multiple pregnancy may also overlap with other aetiologies.

Previous reports on associations between the aetiology of
preterm birth and mortality and neurodevelopmental outcomes are
conflicting. Some studies have suggested that spontaneous preterm
birth and PPROM increase the risk for CP>® whereas pre-eclampsia
and placental insufficiency have been indicated to be risk factors for
poorer cognitive development in children born preterm.”*! In our
PIPARI study cohort, abnormal foetal blood flow patterns decreased
the brain volumes by about 10% at term equivalent age? and de-
creased the Bayley Mental Developmental Index by over 10 points
at 2years of corrected age13 in very preterm infants. An iatrogenic
preterm birth has also been suggested to be associated with an in-
creased risk of mortality* but not all studies support this finding.*>*¢
It is important to provide more data on long-term effects of the aeti-
ology of preterm birth.

Our aim was to study the association between the aetiology of
very preterm birth/very low birth weight and mortality and neuro-
developmental outcomes up to early adolescence. The hypothesis
was that the neurodevelopmental outcomes differ according to ae-

tiologies of preterm birth.

2 | PATIENTS AND METHODS
2.1 | Subjects

This study is part of the multidisciplinary follow-up study PIPARI
(Development and Functioning of Very Low Birth Weight Infants
from Infancy to School Age). The regional cohort consisted of very
preterm/very low-birth weight infants born in Turku University
Hospital, Finland, between 2001 and 2006, and living in the hos-
pital's catchment area. The inclusion criterion was birth weight
<1500g and was expanded in 2004 to include all infants born
<32 weeks of gestation regardless of birth weight. At least one
of the parents had to speak and understand written Finnish or
Swedish. Infants with major congenital anomalies or diagnosed

Key notes

e Placental vascular pathology, as the aetiology of very
preterm birth/very low birth weight, associated with
higher rate of severe cognitive impairments in compari-
son to preterm premature rupture of membranes.

e There was no difference in the mean full-scale intelli-
gence quotient at 11 years according to birth aetiologies.

e The aetiology of very preterm birth/very low birth
weight was not associated with mortality or the rate of

cerebral palsy.

genetic syndromes were excluded. The flowchart of the partici-
pants is shown in Figure 1.

The medical records were scrutinised to verify the aetiology of
preterm birth. Infants were categorised based on the aetiology of
preterm birth: (1) spontaneous preterm birth group, that is, spon-
taneous labour with intact membranes, (2) PPROM group, that is,
spontaneous preterm premature rupture of membranes before the
onset of labour, (3) placental vascular pathology group, that is, iat-
rogenic delivery because of pre-eclampsia, intrauterine growth re-
striction and/or abnormal placental/foetal blood flow. We excluded
infants from multiple pregnancies (n=78) and infants (n=9) who
could not be classified into any of the predetermined birth aetiology
groups. These infants were born for the following reasons: suspicion
of placental abruption (n=5), mother's infection (n=1), mother's
chronic disease (n=1), foetal arrhythmia (n=1) and pathological car-
diotocography (n=1). One infant was excluded because of missing
data.

Perinatal data (Table 1) were collected prospectively. Neonatal
diagnoses (Table 2) were established according to Vermont Oxford
Network definitions.”” Small for gestational age was defined as a
birth weight more than 2 standard deviations (SD) below the mean.
The brain magnetic resonance imaging was carried out at term and
the findings were classified as described previously by Setidnen

etal®

Major pathologies consisted of consequences from intraven-
tricular haemorrhages of grade 3 and 4, any injury in the cortex, basal
ganglia, thalamus, internal capsule, corpus callosum, cerebellum or
white matter, an increased width of the extracerebral space >5mm,
a ventricular/brain ratio of >0.35, ventriculitis, or other major brain

pathologies (infarctions).

2.2 | Outcome measures

2.21 | Mortality

The data on mortality were collected prospectively along with the

other perinatal data. In the present study, we studied mortality by
2years of corrected age.
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FIGURE 1 Flow chart of the
participants.

Very preterm/very low birth weight infants born between January 2001 and December 2006,

n=289

Excluded, n=25
o Infants with major congenital anomalies or
genetic syndromes, n=12
o Infants living outside the hospital’s catchment
area, n=7
o Infant’s parents didn’t speak and understand
written Finnish or Swedish, n=6

Declined to participate, n=9

Participating in the main study, n=255

Twins and triplets, n=78

Birth etiology missing, n=1

Other birth etiology, n=9

Study population, n=167

2.2.2 | Cerebral palsy

Spontaneous
preterm birth,
n=47 (28.1%)

!

Preterm
premature rupture
of membranes,
n=56 (33.5%)

Placental
vascular
pathology,
n=64 (38.3%)

]

!

Surviving study population, n=145

Spontaneous
preterm birth,
n=40 (27.6%)

Preterm
premature rupture
of membranes,
n=44 (30.3%)

Placental
vascular
pathology,
n=61 (42.1%)

!

|

|

Clinical follow-up for cerebral palsy by 2 years of age, n=143 (98.6%)

1

Cognitive assessment at 2 years of age, n=137 (94.5%)

L .

Cognitive assessment at 5 years of age, n=117 (80.7%)

|

Cognitive assessment at 11 years of age, n=111 (76.6%)

Cognitive development

The diagnosis of CP was confirmed by one experienced child neurol-
ogist by 2years of corrected age after a systematic clinical follow-up

1. The follow-up included

as described previously by Uusitalo et a
Hammersmith Infant Neurological Examination?® by a trained
physician and a physiotherapist. If a child already had a diagnosis
of CP before 2years of corrected age, the diagnosis was also con-
firmed at 2years of corrected age in all cases. Gross Motor Function
Classification System21 was used for grading the severity of CP. All

children with CP were included in the study.

Cognitive development was assessed at 2, 5 and 11years by expe-
rienced psychologists who were blinded to the aetiology of pre-
term birth. At 2years of corrected age, the Bayley Scales of Infant
Development, Second Edition,?? was used. The Mental Development
Index was calculated based on the test norms. Severely impaired
children whose scores could not be determined, were assigned
scores 50, which is the minimum score of the test. Severe cogni-
tive impairment at 2years was defined as a mental development

index of <70 (<-2SD). At 5years of chronological age, the short

85UB017 SUOWILIOD 3A 1D 8|qedlidde ayp Aq paueAob 81 Ss e VO (88N JO S9N 10y Al 8UIIUO AB|IM UO (SUORIPUOD-PUe-SWISH LD AB|IM A1 11 IUO//SANY) SUORIPUOD pUe SWB L 38U 89S *[£202/2T/T0] U0 A%iqi7auliuo AB|IMm ML jo AiseAiun Aq 2202 Tede/TTTT 0T/I0P/W00 A8 M ARIq U1 |UO// SNy WOl papeojumoq ‘0 ‘L222TSIT



16512227, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apa. 17027 by University of Turku, Wiley Online Library on [01/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

GRONROOS ET AL.

WMIRVYAMESN A CTA PEDIATRICA

(£°92) 09/9T
(T'+2) 8S/vT
(2'8) 19/S

[T¥'6T] ‘5°0€ ‘S°0€
(1°68) LS
(T29) ev

[S0'6v-15C-'SC-

[520T ‘#8€] O'SYTT ‘T'€60T
(€'56) 19

(0'0%) z€

[6'G€ ‘T'¥T] 66T ‘T0E

(%€°8€) ¥9=U ‘ASojoyzed
Je|naseA |ejuade|d

(P'12) Th/6
(¥'12) /6
(#°02) ¥S/1T

[ev'6T] 0°€E ‘L'2€E
(T'16) 1S
(§'G) 55/¢€

[0T's°€-1£0- 80~
[SELT ‘5871 0'0L6 ‘L v10T
(r'ov) 9t

(619) 8¢

l6ve ‘LTel 99T sLT
(%5°£€) 95 = U ‘saueiquidaw

Jo a4nydnu ainjewaad waalaid

‘sjuejul Apnis SUIAIAINS 3Y3} 104 A|UO paulelqo aJam ejeq,

‘3uiSew 9dueUOSal d13DUZeW ‘YA :UOIIBIADIGQY

‘dnoJ3 unoge| wJiajaid snosuejuods ay3 pue dnou3 saueaquiaw Jo ainydni aunjewaud wualald ayy usamiaq zo'0=d,,, ‘dnoid
Jnoge| wiajaud snosauejuods ayj pue dnoud ssueiquiaw Jo aunydna aunjewaud wislaud ay) usamiaq g0 0=d,, ‘sdno.gd |eai3ojol}ae Joyjo ay3 pue dnoud A3ojoyjed Jenasea [ejuade|d syl usamiaq 100 0> d,

(0£2) LE/OT
(02) se/L
(¢'22) Sv/0T

[er'9T] ‘06T ‘L 6T
(T18) 17
(79 e

[r'e'se-1'90-‘v0-

[0£6T ‘0£S] 0°'0%0T ‘8'S£0T
(ree) 1T

(€'55) 92

rve‘veelvLe'sLe

(%1°82)
/¥ =U ‘Yuiq wia3aid snosuejuods

(2'52) 6€T/5€
(¢'c2) set/0e
(€9T) 091/92

[ev'91]‘0'TE‘O°TE
(2°68) 6%T
(5°62) 991/6%

reev-1€1-v'1-

[S20Z ‘#8€] 0°080T ‘0°CL0T
(£'85) 86

(5£5) 96

[8'ce ‘LTl 9'8C ‘58T
/9T = U ‘spuejul wiajaad ||y

(%) u ‘,sa130j0y3ed Jofew ‘wia) 3e YN
(%) U ‘pS|9A3]| AJe11a] ‘uoijeonps s Jayieq
(%) u ‘Adueudaad Sulnp Supjows

sieak
‘[xew ‘ujw] ‘uelpaw ‘ueaw ¢, ,98e S, JI9YJO|N|

(%) U ‘sp10Ja3s |ejeualuY
(%) u ‘,o3e |euolle}sad 1oy [|lews

T =u 3uissiw [xew
‘Ulw] ‘uelpaw ‘ueaw ‘,2402s-z YSIaMm yrlig

sweJs ‘[xew ‘uiw] uelpaw ‘ueaw ‘ysam yiiig
(%) U ‘. AdDAII9p UBBIESOED)
(%) u‘sleN

LT
‘[xew ‘ujw] ueipaw ‘ueaw ‘,28e [EUOI}E}SID)

"sdnoJg 8y} U2aM1aq 30UIDHIP JUEDIHIUSIS

A||B213S11E]S B SEM 243U} 41 SIIS)SE UB Y}IM paddew S| a|qelieA i 'sdnoJg ASo|o13ae y3diq 03 Suipiodde sjuejul 3ySIam Yidig-mo| AJaa/waa3ald AJSA Jo soijsiiajdeleyd [eleultad T 379VL



GRONROOS ET AL.

ACTA PEDIATRICA RYV NI

TABLE 2 Neonatal diagnoses of the surviving very preterm/very low-birth weight infants according to birth aetiology groups. A variable
is marked with an asterisk if there was a statistically significant difference between the groups.

Surviving preterm

Spontaneous preterm  Preterm premature rupture

Placental vascular

infants, n=145 birth, n=40 of membranes, n=44 pathology, n=61

Bronchopulmonary dysplasia, n (%) 20/144 (13.9) 6/39 (15.4) 8(18.2) 6(9.8)
Necrotising enterocolitis (stage 2 or 3), n (%) 8/139 (5.8) 2(5.0) 3/42 (7.1) 3/57 (5.3)
Surgical necrotising enterocolitis, n (%) 5/141 (3.5) 2(5.0) 1/42 (2.4) 2/59 (3.4)

Early sepsis (<3 vrk), n (%) 2/143 (1.4) 2(5.0) 0/43 (0) 0/60 (0)

Late sepsis (>3 vrk), n (%) 26/145 (17.9) 7 (17.5) 8(18.2) 11 (18.0)
Patent ductus arteriosus, n (%) 56/143 (39.2) 22 (55.0) 13/43 (30.2) 21/60 (35.0)
Operated patent ductus arteriosus, n (%) 16/142 (11.3) 6(15.0) 6/42 (14.3) 4/60 (6.7)

version of the Wechsler Preschool and Primary Scale of Intelligence
- Revised, Finnish translation,23 was used. The short version of the
test included three subtests from the verbal scale (Information,
Sentences and Arithmetic) and three subtests from the performance
scale (Block Design, Geometric Design and Picture Completion).
The full-scale intelligence quotient (IQ) was estimated according to
the test manual based on the Verbal Intelligence Quotient and the
Performance Intelligence Quotient. Severe cognitive impairment
at 5years was defined as a full-scale 1Q of <70 (<-2SD). At 5years,
we only have the data of those study children who were success-
fully assessed. At 1lyears, cognitive development was assessed
with the Wechsler Intelligence Scale for Children, Fourth Edition,
Finnish translation.?*?° The full-scale 1Q was estimated according to
the test manual based on Verbal Comprehension Index, Perceptual
Reasoning Index, Working Memory Index and Processing Speed
Index. Severely impaired children whose scores could not be deter-
mined were assigned scores 40, which is the minimum score of the
test. Severe cognitive impairment at 11years was defined as a full-
scale 1Q of <70 (<-2SD). In addition, full-scale IQ was also studied as
continuous variable at 11 years.

Finally, severe cognitive impairment was defined according to
the most recent cognitive assessment. There were two children who
had severe cognitive impairment according to an earlier cognitive
assessment but had full-scale IQ of >69 at 11years, and therefore

not defined as having severe cognitive impairment.

2.3 | Ethics statement

The Ethics Review Committee of the Hospital District of South-West
Finland approved the PIPARI study protocol in December 2000 and
in January 2012. Parents have given their written consent after re-
ceiving verbal and written information about the study. The children
also gave their written consent at 11 years.

2.4 | Data analysis

Continuous variables were described by means (SD) and medi-
ans [min, max]. Differences in continuous perinatal characteristics

between the three birth aetiology groups (spontaneous preterm
birth group, PPROM group, placental vascular pathology group) were
studied using ANOVA. The homogeneity of variances was tested
using Levene Statistic without any statistical significance. As for the
categorical perinatal characteristics and neonatal diagnoses, a Chi-
squared test was used. p-values were corrected with Bonferroni or
with post hoc Tukey HSD correction for multiple comparisons, when
the three aetiological groups were compared.

Regarding the surviving and the deceased infants, differences in
continuous perinatal characteristics were studied using an indepen-
dent sample t-test. The Levene's test was used to assess the equality
of variances. As for the categorical perinatal characteristics, a Chi-
squared test or Fisher's exact test was used.

Associations between birth aetiologies and categorical outcome
variables (mortality, CP, severe cognitive impairment, severe cogni-
tive impairment and CP, severe cognitive impairment without CP)
were studied using binomial logistic regression analysis adjusted for
gestational age (based on statistically significant univariate associa-
tion). Association between birth aetiologies and a continuous out-
come variable (full-scale I1Q at 11years) was studied using ANOVA
adjusted for gestational age and paternal education that has been
previously found to be associated with cognition in this cohort.
Small sample sizes in the outcome groups (mortality, CP, severe
cognitive impairment, severe cognitive impairment and CP, severe
cognitive impairment without CP) did not enable more extensive ad-
justments. Residuals were checked to justify the analyses. Possible
multicollinearity was checked; a correlation coefficient equal to or
greater than 0.8 and/or a tolerance value less than 0.1 and/or a Phi
and Cramer's V equal to or greater than 0.8 was considered a sign
of multicollinearity. Statistical analyses were performed using SPSS
v28.0 (IBM Corp.). A two-tailed p <0.05 was considered statistically

significant.

3 | RESULTS

Of a total of 167 very preterm/very low-birth weight infants, 47
(28.1%) were allocated into spontaneous preterm birth group, 56
(33.5%) into PPROM group and 64 (38.3%) into placental vascular pa-
thology group. Perinatal characteristics according to birth aetiology
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are shown in Table 1. Infants in the placental vascular pathology
group had higher gestational age (p <0.001), were more often born
small for gestational age (p<0.001) and delivered by a Caesarean
section (p<0.001) compared to infants in other birth aetiology
groups. Infants in the PPROM group were more likely to be born by
Caesarean delivery (p=0.045) and to older mothers (p=0.02) than
infants in the spontaneous preterm birth group.

The neonatal diagnoses of the surviving infants (n=145) are
shown in Table 2. There were no statistically significant differences

between the aetiological groups in neonatal diagnoses.

3.1 | Mortality

A total of 22 (13.2%) infants died; 7/47 (14.9%) infants in the spon-
taneous preterm birth group, 12/56 (21.4%) infants in the PPROM
group and 3/64 (4.7%) infants in the placental vascular pathology
group. Eleven infants died before 12h of age, an additional 10 in-
fants died before discharge and one infant after discharge. The
non-survivors had lower (p<0.001) gestational age (mean 25.1
(SD 1.6), median 25.1 [min 22.7, max 29.4] weeks versus mean 29.0
(SD 2.9), median 28.9 [min 23.4, max 35.9] weeks) and birth weight
(mean 737.6 (SD 235.3), median 672.5 [min 384, max 1400] grams
versus mean 1122.8 (SD 326.1), median 1150 [min 400, max 2025]
grams), and they were less often born small for gestational age (9.5%
vs. 32.4%, p=0.04). The mothers of the survivors had more often
received at least one dose of antenatal corticosteroids (91.7% vs.
72.7%, p=0.007). The other perinatal characteristics did not differ
between non-survivors and survivors.

In crude comparisons the mortality was higher (OR=5.5, 95%
Cl 1.5-20.8) in the PPROM group than in the placental vascular
pathology group, but the difference was not statistically signifi-
cant after adjusting for gestational age. There were no statistically

significant differences between the other aetiological groups in

mortality.

3.2 | Cerebral palsy

Of the surviving study children, 143/145 (98.6%) participated in
the clinical follow-up and 10 (7.0%) had diagnosis of CP by 2years
of corrected age. There were 3/39 (7.7%) children with CP in the
spontaneous preterm birth group, 4/43 (9.3%) in the PPROM group
and 3/61 (4.9%) in the placental vascular pathology group (Table 3).
These differences did not reach statistical significance.

3.3 | Cognitive outcome

Cognitive assessment was performed in 137/145 (94.5%) of the sur-
viving study children by the age of 11years. Of these 137 children,
14 (10.2%) had their latest assessment at 2years, 12 (8.8%) at 5years
and 111 (81.0%) at 11years. Severe cognitive impairment was found
in 15/137 (10.9%) children by 11years; in 2 children at 2years and in
13 children at 11years. The rate of severe cognitive impairment by
11years according to the aetiology of preterm birth is shown in Table 3.
The rate of severe cognitive impairment was lower (4.9% vs. 15.3%) in
the PPROM group in comparison to the placental vascular pathology
group (OR 0.2, 95% CI 0.03-0.9, adjusted for gestational age). There
were no other statistically significant differences in the rates of severe
cognitive impairment between birth aetiology groups.

A post hoc analysis was performed separately for children with
severe cognitive impairment and/without CP. Of the 15 children
with severe cognitive impairment, five (33.3%) also had CP. There
were no statistically significant differences in the rate of children

with severe cognitive impairment and CP between the aetiological

TABLE 3 The effect of birth aetiology on cerebral palsy (CP), severe cognitive impairment and severe cognitive impairment and/without
CP in surviving very preterm/very low-birth weight study children (n=145).

Spontaneous preterm birth,

Preterm premature rupture of Placental vascular

n=40
Cp 3/39(7.7)
n (%) OR 1.6,95% Cl 0.3-8.4
Missing n=2 aOR0.6,95% Cl 0.1-3.4
Severe cognitive impairment 4/37 (10.8)
n (%) OR0.7,95% Cl1 0.2-2.4
Missing n=8 aOR 0.4, 95% C1 0.1-1.6

Severe cognitive impairment without CP
n (%)

Missing n=8

Severe cognitive impairment and CP

n (%)

Missing n=8

1/37 (2.7)

OR0.2,95% Cl10.1-1.5
aOR 0.1, 95% C10.01-0.9
3/37(8.1)

OR 4.8, 95% Cl1 0.5-47.7
aOR 3.3, 95% C1 0.3-39.4

membranes, n=44

4/43 (9.3)

OR 2.0,95% Cl1 0.4-9.4
aOR 0.5, 95% Cl10.1-2.5
2/41(4.9)

ORO0.3,95% Cl 0.1-1.4
aOR 0.2, 95% CI1 0.03-0.9
1/41(2.4)

OR0.2,95% C10.02-1.3
aOR 0.1, 95% C10.01-0.8
1/41 (2.4)

OR 1.4, 95% C10.1-23.7
aOR 1.0, 95% C1 0.05-19.3

pathology, n=61

3/61 (4.9) reference group

9/59 (15.3) reference group

8/59 (13.6) reference group

1/59 (1.7) reference group

Note: Diagnosis of CP was confirmed by 2years of corrected age. The analyses were performed using logistic regression both unadjusted (OR) and

adjusted (aOR) for gestational age.
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groups. A total of 10/137 (7.3%) children had severe cognitive impair-
ment without CP. In comparison to the placental vascular pathology
group, the rate of children with severe cognitive impairment with-
out CP was lower in the spontaneous preterm birth group (13.6%
vs. 2.7%) (OR 0.1, 95% CI 0.01-0.9, adjusted for gestational age) and
in the PPROM group (13.6% vs. 2.4%) (OR 0.1, 95% CI 0.01-0.8, ad-
justed for gestational age). The effect of birth aetiology on severe
cognitive impairment and/without CP is shown in Table 3.

At 11years, the mean (SD) and median [min, max] full-scale 1Q
of children born preterm (n=111/145, 76.6%) was 87.0 (16.2) and
90.0 [40,119]. The mean (SD) and median [min, max] full-scale 1Q
was 85.3 (16.9) and 90.0 [40,107] in the spontaneous preterm birth
group, 89.9 (12.3) and 92.0 [63,112] in the PPROM group and 86.2
(17.9) and 89.0 [47,119] in the placental vascular pathology group
(Figure 2). There were no statistically significant differences in the
mean values of full-scale IQ between the aetiological groups and
these results remained the same after adjusting for gestational age
and paternal education (Table 4). A sensitivity analysis without the
children with CP did not change the results either.

4 | DISCUSSION

This study classified aetiologies of preterm birth in three catego-
ries: spontaneous preterm birth, PPROM and placental vascular pa-
thology. Severe cognitive impairments were more common in the
placental vascular pathology group in comparison to the PPROM
group. This result is in line with our previous finding on the associa-
tion between abnormal foetal blood flow pattern and poorer cogni-

t13

tive development™ and previous studies that have reported poorer

cognitive development after very preterm delivery because of pre-
eclampsia and/or placental insufficiency.” %!

Spontaneous very preterm labour and PPROM, typically related
to histologic chorioamnionitis and placental microbe recovery,26
have been suggested to predict CP.>~8 The choriodecidual bacterial
colonisation leads to a pathway, where multiple pro-inflammatory
cytokines are produced, which stimulates contractions and predis-

poses chorioamniotic membranes to rupture.?” Increased levels of

120

100

80

60

Full-scale intelligence quotient at 11 years

FIGURE 2 Mean full-scale intelligence
quotient at 11years in very preterm/very 40
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various cytokines have also been linked to neuronal death that pre-
cedes periventricular leucomalacia and intracranial haemorrhage,?’
which are common findings in CP. Since the literature has suggested
that the prenatal risk factors for cognitive impairment and CP may
be different, we decided to assess severe cognitive impairment and
CP as separate outcomes instead of one combined outcome of neu-
rodevelopmental impairment. In children with CP, the severity of
cognitive impairment is suggested to be associated with the severity

of motor impairment.28

Thus, we also decided to analyse the risk of
severe cognitive impairment separately in children with and without
CP. In the present study, placental vascular pathology was associ-
ated with an increased risk of severe cognitive impairment especially
in children without CP.

Morsing et al.??

reported the poorest cognitive function in very
preterm born children after pregnancies with placental vascular pa-
thologies if the pregnancy was complicated with pre-eclampsia as
well as abnormal umbilical artery blood flow and intrauterine growth
restriction. Another important issue regarding placental vascular
pathologies in relation to child outcome is the timing of delivery.
Deciding an optimal timing for delivery is often challenging and re-
quires balancing between possibly compromising maternal health
and foetal well-being while trying to alleviate risks of prematurity.
In preterm pre-eclampsia between 24 and 34 weeks of gestation, a
delayed delivery may be associated with decreased neonatal mor-
bidity while growth retardation is increased,° thus, potentially com-
promising brain growth and thereby later cognitive development.
So far the outcomes of the studies on the optimal timing of labour
induction in preterm pre-eclampsia have focused mainly on the neo-
natal period and further research on long-term neurodevelopmen-
tal prognosis is needed. Finally, as very preterm born children reach
early adolescence, the environmental factors become increasingly
significant in regard to cognitive development.®! In our study, we
adjusted the analyses of the association between the aetiology of
preterm birth and cognition at 11years for paternal education since
it has been previously found to be associated with cognition in this
cohort.?

It has been suggested that gestational age at birth is the strongest

risk factor predicting mortality in preterm infants whereas the cause

low-birth weight study children according
to the aetiology of preterm birth, n=111.

Spontaneous preterm labour,
8

n=2

Preterm premature rupture of

Placental vascular pathology,
membranes, n=31 n=52
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TABLE 4 The effect of birth aetiology on the mean full-scale 1Q of very preterm/very low-birth weight study children at 11 years

(n=111).

Spontaneous preterm birth,
n=28

85.3(16.9) [40, 107]
=-0.9,95% Cl -8.3 to 6.5
b,=1.0,95% Cl -6.9 to 8.9

Full-scale IQ at 11years, mean
(SD) [minimum, maximum]

Preterm premature rupture of
membranes, n=31 n=52

89.9 (12.3) [63, 112]
b=3.7,95% Cl -3.4 to 10.8 group
b,=5.0,95%Cl-2.5t0 12.4

Placental vascular pathology,

86.2(17.9) [47, 119] reference

Note: The analyses were performed using ANOVA both unadjusted (b) and adjusted (b,) for gestational age and paternal education.

of delivery seems to have no impact or a milder impact.>*® This is
in line with our results. Although we found a higher mortality rate
in the PPROM group than in the placental vascular pathology group,
the statistically significant differences disappeared after adjusting for

1.3 did not find differences in mortality

gestational age. Roberts et a
when comparing spontaneous preterm labour, PPROM and medically
indicated preterm labour. Morken et al.> found an increased risk of
death in preterm infants born at 34-36weeks if the birth was iat-
rogenic compared with spontaneous preterm birth, however, there
was no such difference in the lower gestational ages. They specu-
lated that iatrogenic preterm births near term result from more se-
vere pregnancy complications than spontaneous preterm births near
term, whereas in lower gestational weeks the lower gestational age
itself poses a major risk for mortality. However, Kurkinen-Raty et al®
found a higher neonatal mortality rate in the indicated preterm birth
group also at 24-33 gestational weeks compared with spontaneous
preterm birth. The main cause of death in the indicated preterm birth
group was respiratory distress syndrome. In these previous studies,
the iatrogenic preterm birth group has also included various other
pregnancy complications, in addition to placental vascular patholo-
gies, and therefore they are not directly comparable to the present

.15 reported that pre-eclampsia as a primary cause of

study. Gray et a
very preterm delivery did not increase neonatal mortality.

The main strength of this study is that it is part of a well-de-
signed longitudinal study with low attrition in the follow-up from
pregnancy until early adolescence; the participation rate at 11 years
of age was 76.6%. The majority of previous studies have assessed
cognition before school age. By assessing the cognition of the chil-
dren at 11years of age, we were able to obtain a reliable cogni-
tive outcome at early adolescence. In fact, the majority of severe
cognitive impairments in this study became apparent only at the
age of 11years. By including the children with severe cognitive im-
pairment at 2years or 5years, we were able to compensate for the
potential selection bias of the study cohort at 11 years. All of the as-
sessments were carried out by trained clinicians. A major strength
of the present study is that the birth aetiology was categorised pre-
cisely and multiple pregnancies were excluded. The study findings
can be generalised to level three neonatal intensive care units.

One limitation of this study was a small number of patients in
each subgroup. Therefore, the main result about the group dif-
ferences in the rate of severe cognitive impairments was close to
the border of statistical significance. The mean cognitive score at
11years was not different between the groups. As there was a large
variation in cognitive outcome especially in the vascular pathology

group, large study groups and meta-analyses are needed to show
potential group differences. It is not known whether the variation
in the cognitive outcome is related to the duration of placental vas-
cular pathology. In our hospital, the majority of the population is
Caucasian origin, which should be noticed in the generalisability of
the findings.

In conclusion, placental vascular pathology, as the aetiology of
very preterm birth/very low birth weight, associated with higher
rate of severe cognitive impairments in comparison to PPROM, al-
though there was no difference in the mean full-scale 1Q at 11years
of age. The aetiology of very preterm birth/very low birth weight

was not associated with mortality or the rate of CP.
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