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Abstract \\\
Background: The aim of this study was to summarize current evidence evaluating the association between antenatal infection and |

intraventricular hemorrhage (IVH) in preterm infants.

Materials and methods: \We searched for published articles on antenatal infection and IVH in 3 English (PubMed, the Cochrane
Library, and EBSCO) and 3 Chinese (VEIPU, CNKI, and WANFANG) databases on May 19, 2019. In addition, the references of these
articles were screened. The included studies had to meet all of the following criteria: preterm infants (<37 weeks); comparing
antenatal infection with no infection; the outcomes included IVH (all grades), mild IVH, or sereve IVH; the type of study was
randomized controlled trial or cohort study.

Results: A total of 23 cohort studies involving 13,605 preterm infants met our inclusion criteria. Antenatal infection increased the risk
of IVH (odds ratios ([OR] 2.18, 95% confidence intervals [Cl] 1.58-2.99), mild IVH (OR 1.95, 95% CI 1.09-3.49) and severe IVH (OR
2.65, 95% Cl 1.52-4.61). For type of antenatal infection, the ORs and 95% Cl were as follows: 2.21 (1.60-3.05) for chorioamnionitis,
2.26 (1.55-3.28) for histologic chorioamnionitis, 1.88 (1.22—-2.92) for clinical chorioamnionitis, and 1.88 (1.14-3.10) for ureaplasma.

Conclusions: Antenatal infection may increase the risk of developing IVH in the preterm infant. The evidence base is however of
low quality and well-designed studies are needed.

Abbreviations: Cl| = confidence intervals, GA = Gestational age, IVH = Intraventricular hemorrhage, NOS = Newcastle-Ottawa

Scale, OR = odds ratios, RCT = Randomized controlled trial.
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1. Introduction

Preterm birth is the leading cause of neonatal death and under-
five mortality worldwide.!"! Intraventricular hemorrhage (IVH),
one of most common complication of preterm birth, is a major
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risk factor for death and neurodevelopmental disabilities in
preterm infants.”?! Despite the improvement of neonatal intensive
care in the last few decades, the morbidity of IVH has not
declined, mainly because of a significant increase in survival rates
of premature neonates.>! The incidence of IVH ranges from 25%
t0 45% in preterm infants weighing <1500 g.1>~5! Mortality rates
were 4%, 10%, 18%, and 40%, respectively, for grades I, II, IIL,
and IV IVH during initial hospitalization.'! Among survivors,
both mild (grade I and II) and severe IVH (grade III and IV) are
associated with high risk of moderate—severe neurodevelopmen-
tal impairment.”>*! Average hospital cost per infants has also
increased from $201,578 to $353,554 in the past decade, which
places a tremendous burden on affected families.!®! Currently, the
risk factors for IVH are not completely clear. Established risk
factors include small gestational age (GA) and low birth weight
(LBW)."!

Antenatal infection has been reported to be an important risk
factor for preterm delivery. It is responsible for 40% of premature
deliveries.'®! Recent research indicates that exposure to intra-
uterine infection/inflammation results in more serious injury than
preterm delivery alone. It is associated with complications
including neonatal sepsis,”” bronchopulmonary dysplasia, and
patent ductus arteriosus.!'%!!!

A relationship between antenatal infection and IVH has been
widely supported by pathophysiological mechanism from
scientific research. It involves interactions between strong
immunological reactions and inflammatory cascades.'*1!
Previous studies have suggested that inflammatory factors may
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ultimately lead to the occurrence of IVH through elevation of
cerebral oxygen consumption,>~!8 breakdown of the brain
barriers,'"”! and activation of the immune response.”! Besides
the effects of inflammatory factors, the unstable blood pressure of
the brain by infection may also contribute to the development of
IVH. Premature infants lack mature autoregulation function of
cerebral blood pressure.?!! Infection and sepsis may induce
abnormal fluctuations of blood pressure, resulting in unstable
cerebral blood pressure, leading to an increase in the risk of
IVH.!??! Recently, clinical studies have reported a relationship
between antenatal infection and IVH.['®231 To date, there has
been no systematic review regarding the relationship between
antenatal infection and IVH. Thus, we systematically reviewed
the current evidence evaluating the effects of antenatal infection
on the risk of IVH in preterm infants.

2. Material and methods

2.1. Search strategy

We searched for published articles on antenatal infection and
IVH in 3 English (PubMed, the Cochrane Library, and EBSCO)
and three Chinese (VEIPU, CNKI, and WANFANG) databases
on May 19, 2019. In addition, the references of the included
studies were also screened. We used the keywords (“preterm” OR
“premature”) AND (“chorioamnionitis” OR “infection”
OR “inflammation” OR “amnionitis” OR “amnionitides” OR
“funisitis” OR “funisitides” OR “sepsis” OR “pyemia” OR
“pyohemia” OR “pyaemia” OR “septicemia” OR “poisoning,
blood” OR “blood poisoning”) AND (“cerebral intraventricular
hemorrhages” OR “hemorrhage, cerebral intraventricular” OR
“intraventricular hemorrhage, cerebral” OR “cerebral intraven-
tricular haemorrhage” OR “haemorrhage, cerebral intraventric-
ular” OR “intraventricular haemorrhage, cerebral”) to search for
and select studies including the target population.

2.2. Study selection

Two researchers (JLH and JJM) independently searched for and
screened all the citations identified by the above searches by
reviewing their titles and abstracts. Then, the full texts of the
relevant studies were retrieved. The included studies had to meet
all of the following criteria: preterm infants (<37 weeks);
comparing antenatal infection with no infection; the outcomes
included IVH (all grades), mild IVH, or severe IVH; the type of
study was randomized controlled trial (RCT) or cohort study.
We excluded case—control studies, cross-section studies, case
reports, commentary articles, editorials, and animal research.

2.3. Data extraction

Two investigators (JLH and JJM) performed separate data
extractions using a structured data extraction sheet. The following
data were extracted from each study: authors, year of publication,
country, study design, GA, birth weight, IVH grade, infection type,
and number of participants. Studies approved by both inves-
tigators were included in the meta-analysis.

2.4. Quality assessment

For RCTs, we would use the criteria outlined in the Cochrane
Handbook for Systematic Reviews of interventions.***!
However, no RCTs were identified. The quality of observational
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studies was assessed by the Newcastle-Ottawa Scale (NOS).[26:27!

NOS involves the 2 investigators rating the studies by scores for
the quality of the studies’ study group selection, study group
comparability, and ability to assess the outcome of interest.!*”!
Studies were divided into high-quality (scores of 9) and low-
quality (scores of 1-8).*°! Any discrepancies regarding study
quality were discussed and resolved by a third author.

2.5. GRADE assessment

A “Summary of finding” table was prepared to evaluate the
quality of the evidence. Observational studies were graded as
low-certainty evidence. The quality was downgraded if there
were limitations, inconsistencies, indirectness, imprecision and
other considerations, or upgraded to high and moderate if there
was large effect or a dose-response gradient.

2.6. Statistical analysis

We conducted the statistical analyses with Cochrane Collabo-
ration’s Review manager 5.3 (Cochrane Collaboration, UK) and
Stata 12.0 (StataCorp, College Station, Texas). The associations
between antenatal infection and IVH were expressed as odds
ratios (OR) with corresponding 95% confidence intervals (CI).
Between-study statistical heterogeneity was assessed using the Q
statistic (significant at P <.1) and I* values (values of 25%, 50%,
and 75% represented low, moderate, and high heterogeneity,
respectively). The random-effects model was selected when the I>
>50% or P<.1, otherwise, the fixed-effects model was used.

We conducted sensitivity analysis by: removing low-quality
studies; removing the baseline imbalance studies in GA (the P
value <.05 or without P value among groups), and re-analyzing
the remaining studies, to assess the stability of the results. And we
evaluated the subgroups to explore the possible heterogeneity
and the I* and P value were used to represent subgroup
difference. Then, we performed funnel plots and Egger test to
assess publication bias in each of the pooled study groups when
>5 included studies were available.[*8!

3. Results

3.1. Study characteristics

We identified 3688 publications published between each data-
base’s date of inception and May 19, 2019. We excluded 302
duplicate studies. A total of 3349 of the above studies were
excluded by title and abstract. We subjected the remaining 39
studies to a full-text review. Fifteen studies were excluded as there
was no relevant comparison and 1 study was excluded as it was a
review. Ultimately, we pooled data from 23 studies involving
13,605 preterm infants'®232°~*! for the meta-analysis (Fig. 1).

The majority of studies were published after 2000. The sample
size of included studies ranges from 62 to 5849. The average GA
was under 33 weeks, and average birth weight was <1900g in
included studies.

In 23 studies reporting IVH as outcome for preterm infants, 10
studies reported mild IVH (grade I and II); 14 studies reported
severe IVH (grade III and IV), 11 studies did not report
information regarding the grades of IVH. Twenty-one studies
reported data on chorioamnionitis. Two studies reported data on
ureaplasma. The characteristics of the included studies are shown
in Table 1.
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Figure 1. Flow diagram showing the results of search strategy.

3.2. Quality assessment

All the studies in the meta-analysis were cohort studies. Based on
[18,23,30,31,33,35,37-39,44,49] (o o

[28,32,34,36,40—

our assessment, 11 studies
as high-quality studies (scores of 9), and 12 studies
4345481 were rated as low-quality studies (scores of 7-8)
(Table 2).

3.3. Antenatal infection and IVH

Evaluating all 23 of the studies, the overall effect sizes for IVH
were significantly different (OR 2.18, 95% CI 1.58-2.99) (23
trials/12693 infants) between those with and without antenatal
infection, indicating that antenatal infections increase the risk of
IVH in preterm infants (Fig. 2). Additionally, antenatal infection
increased not only the risk of mild IVH (OR 1.95, 95% CI 1.09-

3.49) (11 trials/3028 infants), but also severe IVH (OR 2.65,
95% CI1.52-4.61) (14 trials/5484 infants) in premature infants
(Fig. 3A and B).

To determine whether the type of infection is associated
with IVH, we conducted subgroup analyses of different types
of antenatal infection. Seventeen of the studies assessed the
impact of histologic chorioamnionitis and found it increases the
risk of IVH (OR 2.26 95% CI 1.55-3.28) (19 trials/10754
infants). In addition, IVH (OR 1.88,95% CI 1.22-2.92) (2 trials/
2562 infants) was statistically significantly increased in the
babies whose mothers had clinical chorioamnionitis. The OR and
95% CI was 1.88 (1.14-3.10) (2 trials/484 infants) for
ureaplasma (Fig. 3C and D). The fixed-effects model was
selected for subgroup of ureaplasma because of the I*=0% and
P=.51. For the other group, the random-effects model was
selected.
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Characteristics of included studies.
Infants Significant
Author Year Country number Infection GA, wk P GA Birth weight, g Primary outcomes effect
Granger et al®® 2018 Australia 212 HCA 29.843.6 Noinfo 15054728 PVL; abnormal white matter signal No
No 322432 1686 +588
Xie et alt” 2017 China 151 HCA+funisitis 31117 <05 1685.6+386.9 RDS; BPD; NEC; ROP Yes”
HCA 31.7+18 1814.9+430.5
No 31.9+1.2 1765.2+339.5
Lt 2016 China 295 HCA 315+1.9 <05  1730.2+424 Sepsis; BPD; RDS; NEC; PDA; death No
No 31.4+17 1630.6+416
Stark et all'® 2015 Australia 83 HCA 25-29 > .05 No info PDA Yes
No 23-27 No info
Liu et al®® 2014 China 95 MR+FR  219.57+10.97 (days) >.05 1688.90+392.00 BPD; RDS; NEC; PDA Yes'
MIR 220.83+11.97 (days) 1747.11£371.52
No 223.33+11.60 (days) 1692.12 +443.37
Arayici et al®® 2014 Japan 281 HCA 28.8+2.6 >.05 1138 +350 RDS;EQS; PDA; NEC; BPD; mortality Yes
No 291425 12104299
Xu et al®”! 2012 China 88 CA 316422 >.05 1518 +441 PVL Yes
No 321+19 1559 + 385
Ahn et al®® 2012 Korea 257 HCA 30.3+2.6 Noinfo  1505+475.22 RDS;EOS; PDA; NEC; BPD; mortality Yes
No 30.8+2.34 1552.9+503.25
Kasper et al®® 2011 Austria 238  Ureaplasma  29.4 (27.3-31.3)  >.05 1235 (1030-1616) BPD; PVL; ROP Yes
No 29.9 (27.9-31.4) 1196 (939-1575)
Viscardi et al*® 2008  USA 246 Ureaplasma 273423 Noinfo 9514242 BPD; PVL Yes*
No 27625 996 +289
Sarkar et al* 2005  USA 62 HCA 259415 >.05 902 +262 PVL No
No 26.4+1.7 869 + 281
Miyazaki et al®® 2015  Japan 5849 HCA 265426 <.05 9214295  RDS; CLD; NEC; PDA; PVL; sepsis; mortality ~ No
No 28.1+28 995 +302
Ecevit et al®” 2014 Japan 1392 HCA No info No info No info RDS; PDA; BPD; mortality; EQS; NEC; LOS No
No No info No info
Soraisham et al®® 2013  Canada 384 HCA 26+15 <.05 895+ 226 RDS; PVL; BPD; ROP; PDA; NEC Yes
No 26.6+1.3 875+210
Shi et al*! 2010  China 493 HCA No info No info No info RDS; PDA; BPD; mortality; EOS; LOS Yes®
No No info No info
Been et all*® 2009 Netherlands 301 HCA+F 28.0+2.1 <05 11424353 RDS; PDA; BPD; death EOS; NEC; PVL Yes!
287+19 1249 + 365
No 296417 11124339
Zanardo et a*" 2008 ltaly 287 HCA 27425 <.05 1012 +359 RDS; PDA; BPD; death; EOS; LOS; PVL Yes
No 30423 1188 +417
Rocha et al*? 2007 Portugal 452 HCA 30 (23-33) <.05 1400 (515-2515) Sepsis; PDA; death No
No 31 (23-33) 1450 (540-2620)
Alexander et a*® 1998  USA 1367 CCA 28.2+25 <.05 1120+ 245 RDS; PVL; death; sepsis; seizures Yes
No 289428 1139+ 250
Moralest”! 1987  USA 698 HCA 29.3+1.8 >.05 1218 +256 RDS; sepsis; mortality; ROP Yes
No 29.3+1.8 1137 +£185
Pappas et a® 2014  USA 2390  HCA+CCA 241+1.39 >.05 Unclear EOS; PVL; NEC; ROP; LOS; death Yes
HCA 24.2+1.36 Unclear
No 24.6+1.29
Richardson et al*® 2006 Canada 494 CA 295427 <.05 1452 + 466 RDS; PVL; BPD; death No
Funistis 29.4+26 15124510
No 306+2.3 1703 +487
Polam et al'*®! 2005  USA 177 HCA 26.1+2.8 <.05 947 +236 CLD; PVL; ROP Yes
No 271+15 966 +219

BPD = bronchopulmonary dysplasia, CA = chorioamnionitis, CCA = clinical chorioamnionitis, CLD = chronic lung disease, EOS = early onset sepsis, F =fetal involvement, FIR =fetal inflammatory response, GA=
gestational age, HCA = histologic chorioamnionitis, IVH=intraventricular hemorrhage, LOS = late onset sepsis, MIR=maternal inflammatory response, NEC =necrotizing enterocolitis, PDA=patent ductus
arteriosus, PVL=cystic periventricular leukomalacia, RDS = respiratory distress syndrome, ROP =retinopathy of prematurity.

: Compared with HCA (—) funisitis (—), HCA (+) funisitis (+) may increase the risk of IVH, P<.05.

" Compared with other 2 groups, MIR (+) FIR (+) increases the risk of IVH (Grade II-IV), P<.05.
* Compared with control groups, ureaplasma (serum PCR) increases the risk of IVH (Grade lI-IV), P< .05.

SHCA (level II-Ill increases the risk of IVH, 95% confidence intervals were 1.33 (1.02—1.87) and 2.01 (1.54-2.73), respectively.
Y Compared with HCA (—) F (=), HCA (+) F (+) may increase the risk of IVH, P<.05.
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Newcastle-Ottawa Quality Assessment Scale results for the
included studies.

Exposure/ Total
Author Selection Gomparability outcome scores
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3.4. Sensitivity analysis

After removing all of the low-quality studies, there were still
significant changes in the risk of IVH (OR 1.92, 95% CI 1.35-
2.75) (11 trials/2008 infants), severe IVH (OR 2.33, 95% CI
1.45-3.74) (7 trials/1267 infants) and histologic chorioamnio-
nitis group (OR 2.14, 95% CI 1.24-3.70) (9 trials/1430 infants).
However, there were no longer statistically significant differences
in the mild IVH group (OR 1.13,95% CI0.75-1.70) (5 trials/729
infants). Notably, the result of ureaplasma group was not
affected because the 2 included studies were of high-quality.
There was no result for clinical chorioamnionitis because both
studies were of low quality.

When we only included articles without statistical differences
in baseline GA between infection and no infection group, there
was a significantly increased risk for severe IVH (OR 3.04, 95%
CI1.02-9.05) (7 trials/3380 infants), in clinical chorioamnionitis
(OR 1.57, 95% CI 1.18-2.09) (1 trial/1195 infants) and
ureaplasma group (OR 2.32, 95% CI 1.06-5.09) (1 trial/238
infants). However, no significant differences was obsereved for
IVH (OR 2.19, 95% CI 0.81-5.95) (8 trials/3463 infants), mild
IVH (OR 1.85,95% CI 0.40-8.48) (5 trials/1181 infants), and in
histologic chorioamnionitis group (OR 2.36, 95% CI10.91-6.17)
(9 trials/3731 infants).

3.5. Publication bias

145
Polam et 2 The publication bias was first evaluated visually by the funnel
plot (Fig. 4). Then, we performed Egger test to explore potential
infection  non infection 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Ahn et al, 2012 $ B89 1 168 16% 9.94 [1.14, 86.45)
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Figure 2. Forest plots of antenatal infection and intraventricular hemorrhage (IVH). Odds ratio >1 indicates that compared with noninfection, antenatal infection

could increase the risk of IVH in preterm infant.
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Figure 3. Forest plots of antenatal infection and intraventricular hemorrhage (IVH). (A) Forest plots of antenatal infection and mild IVH. (B) Forest plots of antenatal
infection and severe IVH. (C) Forest plots of chorioamnionitis and IVH. (D) Forest plots of ureaplasma and IVH. Odds ratio >1 indicates that compared with
noninfection, antenatal infection could increase the risk of IVH in preterm infant.
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Figure 4. (A) Funnel plot of antenatal infection and intraventricular hemorrhage (IVH). (B) Funnel plot of antenatal infection and mild IVH. (C) Funnel plot of antenatal

infection and severe IVH. (D) Funnel plot of chorioamnionitis and IVH.

publication bias. For the subgroups of clinical chorioamnionitis
and ureaplasma, Egger test could not be performed because of the
low number of studies. For the other group, the results showed
that the publication bias were not significant (P>.05).

3.6. GRADE assessment

The qualities of the evidence were low for IVH (all grade) and
severe IVH, and very low for mild IVH (Fig. 5). The quality
started as low as all studies were cohort studies and that
outcomes were downgraded because of significant heterogeneity
and upgraded by OR >2.

4. Discussion

Our meta-analysis verified the profound relationship between
antenatal infection and IVH in preterm infants from current
evidence. Our findings extend the understanding of previous
reports. The results from 23 cohort studies with 13605 infants
indicated that antenatal infection increased the incidence of IVH
in preterm infants (OR 2.18, 95% CI 1.58-2.99). The risk of
both mild (OR 1.95, 95% CI 1.09-3.49) and severe IVH (OR

2.65, 95% CI 1.52-4.61) was increased by antenatal infection,
compared with no infection.

More than 50% of preterm fetuses delivered before 30 weeks’
gestation have chorioamnionitis, rather than presentations of
sepsis/pneumonia syndromes.”®! In our review, the most
frequently reported antenatal infection was chorioamnionitis.
Antenatal infection including histologic chorioamnionitis (OR
2.26 95% CI1.55-3.28) and clinical chorioamnionitis (OR 1.88,
95% CI 1.22-2.92) contributes to the development of IVH. As
the pathogenesis of IVH is not completely known, our finding
that antenatal infection increases the risk of development of IVH
highlights a new perspective for the etiology of IVH. This may be
of benefit to the prevention of this common preterm complication
by reducing antennal infection. The reported impact of antenatal
infections on IVH among preterm infants adds up to the well-
known maternal-infant interaction.

4.1. Overall completeness and applicability of evidence

We have attempted to identify all available published and
unpublished data for the relationship of antenatal infection and
IVH in preterm birth. The included studies were performed in
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Figure 5. Quality evaluation by GRADE tool for antenatal infection versus no infection.

neonatal intensive care units in Australia, China, Japan, United
States, Canada, Netherlands, Italy, and Portugal. Data yielded
across the globe may be widely representative. Thus, the evidence
of our review is applicable to most hospital settings in mid- or
high-income countries. New evidence from low-income country
would support the overall applicability of the data. The average
GA of neonates in included studies was preterm infants <33
weeks with birth weight <1900g. Thus, these findings should be
cautiously applied to late preterm (34-36 weeks) infants. The
included studies were published from 1987 to 2018. Although
there is a large time span, the majority of studies were published
in the era of 2000s, and the diagnostic criteria for IVH have
remained constant, which makes the results applicable for current
practice.

4.2. Advantages and limitations

Our meta-analysis has several advantages. First, this is the first
systematic review to summarize the current evidence regarding
the relationship between antenatal infection and risk of IVH. The
severity of IVH (all grades IVH, mild IVH, and severe IVH) and
the type of antenatal infection (histologic chorioamnionitis,
clinical chorioamnionitis, and ureaplasma) were carefully
assessed. The relationship between antenatal infection and
IVH was generally supported by the statistically significantly
effects from results of our meta-analysis. This indicates that
antenatal infection may lead to increased risk of IVH in preterm
infants. Second, meta-analyses of observational studies are prone

to biases and confounding factors owing to intrinsic nature of the
original studies. We minimized the bias by restricting our
analyses to cohort studies, and excluding traditional case—control
studies, which are prone to recall and interviewer bias. Third,
sensitivity analysis provides robust evidence for the association in
this review. Results were generally consistent when we applied
sensitivity analysis. Most of the sensitivity analysis results have
not changed significantly after discarding low-quality studies.
Fouth, the results of funnel plot and Egger test showed no
significant publication bias, which means the results have low risk
of selection bias. Finally, our meta-analysis included studies from
different countries and the preterm infants included in the studies
ranged from extremely low borth weight to LBW, indicating that
our findings are broadly representative.

Our study has some limitations. First of all, all of the included
studies were observational studies, which may be influenced by
selection bias. The quality of the evidence was graded as “low or
very low,” because of entirely of observational studies design and
high heterogeneity. However, the relationship between antenatal
infection and IVH cannot be investigated in RCTs for ethical or
methodological reasons. Observational research is useful for
assessing etiology and is the only choice for this topic to provide
evidence for clinical decision. In addition, we restricted our search
to English and Chinese databases. Research published in other
language was not included. This may lead to selection bias from
language.

One important issue is the complicated relationship among
infection, prematurity, and IVH. It is well known that a lower GA
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is associated with a higher frequency of IVH. Besides,
chorioamnionitis is much more frequent in low GA. In this
review, some included studies had a significant GA difference
between the infection and noninfection group. To assess possible
impact of antenatal infection on IVH through GA, we performed
sensitivity analysis by eliminating studies with significant GA
difference. We found there was a significant increased risk for
severe IVH, in the clinical chorioamnionitis and ureaplasma
group. Increased trends were obsereved for IVH, mild IVH, and
in the histologic chorioamnionitis group, although there were no
statistically significant differences. These outcomes may indicate
that antenatal infection leads to IVH not only based on lower GA.

4.3. Implications for practice and research

It has been reported that routine use of an antenatal infection
screen and treat program could decrease the risk of preterm
birth.! Given the evidence between antenatal infection and IVH,
researchers should carefully consider the need of antenatal
infection screen and treat program for IVH in the future
researches, which may prevent the preterm infant from avoidable
IVH.

5. Conclusion

In conclusion, we found that antenatal infection may play an
important role in predisposing preterm newborns to IVH and we
stress the importance of antenatal infection prevention. Our
meta-analysis was limited by the low or very low quality of
evidence of GRADE assessment, indicating that additional well-
designed studies should be performed to explore the role of
antenatal infections in IVH.

Author contributions

Data curation: Jinglan Huang, Junjie Meng, tao xiong.

Formal analysis: Jinglan Huang, Junjie Meng.

Funding acquisition: tao xiong, Yi Qu, Dezhi Mu.

Investigation: Jinglan Huang, Junjie Meng, tao xiong, Yibin
Wang, Huiqing Wang.

Methodology: Jinglan Huang, Junjie Meng.

Project administration: Yi Qu.

Resources: tao xiong.

Software: Jinglan Huang, Junjie Meng, tao xiong.

Supervision: Imti Choonara, tao xiong, Yibin Wang, Huiging
Wang, Yi Qu, Dezhi Mu.

Validation: Imti Choonara, Yibin Wang, Huiging Wang, Dezhi
Mu.

Visualization: Imti Choonara, tao xiong, Yibin Wang, Huiqing
Wang, Yi Qu, Dezhi Mu.

Writing — original draft: Jinglan Huang, Junjie Meng, Yibin
Wang, Huiqing Wang, Yi Qu.

Writing — review & editing: Imti Choonara, tao xiong, Dezhi Mu.

References

[1] Rubens CE, Muglia L, Gravett MG, et al. Prevention of preterm birth:
harnessing science to address the global epidemic. Sci Transl Med
2014;6:262srS.

[2] Payne AH, Hintz SR, Hibbs AM, et al. Neurodevelopmental outcomes of
extremely low-gestational-age neonates with low-grade periventricular-
intraventricular hemorrhage. JAMA Pediatr 2013;167:451-9.

www.md-journal.com

[3] Mukerji A, Shah V, Shah PS. Periventricular/intraventricular hemor-
rhage and neurodevelopmental outcomes: a meta-analysis. Pediatrics
2015;136:1132-43.

[4] Stoll BJ, Hansen NI, Bell EF, et al. Neonatal outcomes of extremely
preterm infants from the NICHD Neonatal Research Network.
Pediatrics 2010;126:443-56.

[5] Jain NJ, Kruse LK, Demissie K, et al. Impact of mode of delivery on
neonatal complications: trends between 1997 and 2005. ] Matern Fetal
Neonatal Med 2009;22:491-500.

[6] Christian EA, Jin DL, Attenello F, et al. Trends in hospitalization of

preterm infants with intraventricular hemorrhage and hydrocephalus in

the United States, 2000-2010. J Neurosurg Pediatr 2016;17:260-9.

Liebowitz M, Clyman RI. Antenatal betamethasone: a prolonged time

interval from administration to delivery is associated with an increased

incidence of severe intraventricular hemorrhage in infants born before 28

weeks gestation. ] Pediatr 2016;177:114-20. el.

Farr A, Hagmann KH, Marschalek M, et al. Routine use of an antenatal

infection screen-and-treat program to prevent preterm birth: long-term

experience at a tertiary referral center. Birth (Berkeley, Calif)
2015;42:173-80.
[9] Shane AL, Sanchez PJ, Stoll BJ. Neonatal sepsis. Lancet 2017;390:
1770-80.

[10] Inatomi T, Oue S, Ogihara T, et al. Antenatal exposure to Ureaplasma
species exacerbates bronchopulmonary dysplasia synergistically with
subsequent prolonged mechanical ventilation in preterm infants. Pediatr
Res 2012;71:267-73.

[11] Park HW, Choi YS, Kim KS, et al. Chorioamnionitis and patent ductus
arteriosus: a systematic review and meta-analysis. PLoS One 2015;10:
e0138114.

[12] Lawrence SM, Wynn JL. Chorioamnionitis, IL-17A, and fetal origins of
neurologic disease. Am J Reprod Immunol 2018;79:¢12803.

[13] Edwards AD, Tan S. Perinatal infections, prematurity and brain injury.
Curr Opin Pediatr 2006;18:119-24.

[14] Gomez R, Romero R, Ghezzi F, et al. The fetal inflammatory response
syndrome. Am J Obstet Gynecol 1998;179:194-202.

[15] Andersen CC, Pillow JJ, Gill AW, et al. The cerebral critical oxygen
threshold of ventilated preterm lambs and the influence of antenatal
inflammation, Journal of applied physiology (Bethesda. Md: 1985)
2011;111:775-81.

[16] Balegar KK, Stark M]J, Briggs N, et al. Early cerebral oxygen extraction
and the risk of death or sonographic brain injury in very preterm infants.
J Pediatr 2014;164:475-80. el.

[17] Noori S, Stavroudis TA, Seri I. Systemic and cerebral hemodynamics
during the transitional period after premature birth. Clin Perinatol
2009;36:723-36. v.

[18] Stark MJ, Hodyl NA, Belegar VK, et al. Intrauterine inflammation,
cerebral oxygen consumption and susceptibility to early brain injury in
very preterm newborns. Arch Dis Child Fetal Neonatal Ed 2015;101:
F137-142.

[19] Stolp HB, Ek CJ, Johansson PA, et al. Factors involved in inflammation-
induced developmental white matter damage. Neurosci Lett 2009;
451:232-6.

[20] Elovitz MA, Brown AG, Breen K, et al. Intrauterine inflammation,
insufficient to induce parturition, still evokes fetal and neonatal brain
injury. Int ] Dev Neurosci 2011;29:663-71.

[21] Batton B, Zhu X, Fanaroff J, et al. Blood pressure, anti-hypotensive
therapy, and neurodevelopment in extremely preterm infants. J Pediatr
2009;154:351-7. 7.el.

[22] Polglase GR, Nitsos I, Baburamani AA, et al. Inflammation in utero
exacerbates ventilation-induced brain injury in preterm lambs. ] Appl
Physiol (1985) 2012;112:481-9.

[23] Granger C, Spittle AJ, Walsh J, et al. Histologic chorioamnionitis in
preterm infants: correlation with brain magnetic resonance imaging at
term equivalent age. BMC Pediatr 2018;18:63.

[24] From Oxford Centre for Evidence-Based Medicine. Available at: https://
www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-
evidence-march-2009/.

[25] Higgins JP, Altman DG, Getzsche PC, et al. The Cochrane Collabo-
ration’s tool for assessing risk of bias in randomised trials. Bmj 2011;343:
d5928.

[26] Huang J, Zhang L, Tang J, et al. Human milk as a protective factor for
bronchopulmonary dysplasia: a systematic review and meta-analysis.
Arch Dis Child Fetal Neonatal Ed 2019;104:F128-36.

[27] Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale

(NOS) for assessing the quality if nonrandomized studies in meta-

[7

=


https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.md-journal.com

Huang et al. Medicine (2019) 98:31

analyses. Available from: http://www.ohri.ca/programs/clinical_epidemi

ology/oxford.htm Accessed October 19, 2009.

Kapadia MZ, Park CK, Beyene J, et al. Weight loss instead of weight gain

within the guidelines in obese women during pregnancy: a systematic

review and meta-analyses of maternal and infant outcomes. PLoS One
2015;10:e0132650.

Pappas A, Kendrick DE, Shankaran S, et al. Chorioamnionitis and early

childhood outcomes among extremely low-gestational-age neonates.

JAMA Pediatr 2014;168:137-47.

[30] Xie YL, Chen Q, Wang B, et al. Study on the correlation between
exposure to chorioamnionitis or funisitis and common diseases in
premature infants. CJCHC NOV(Chinese) 2017;25:1141-5.

[31] Li TT. Histologic chorioamnionitis and related maternal and neonatal
complications. Southern Medical University (Chinese) 2017;2:1-69.

[32] Miyazaki K, Furuhashi M, Ishikawa K, et al. Impact of chorioamnionitis
on short- and long-term outcomes in very low birth weight preterm
infants: the Neonatal Research Network Japan. ] Matern Fetal Neonatal
Med 2015;29:331-7.

[33] Liu Z, Tang Z, Li ], et al. Effects of placental inflammation on neonatal
outcome in preterm infants. Pediatr Neonatol 2014;55:35-40.

[34] Ecevit A, Anuk-Ince D, Yapaket E, et al. Association of respiratory
distress syndrome and perinatal hypoxia with histologic chorioamnio-
nitis in preterm infants. Turk J Pediatr 2014;56:56-61.

[35] Arayici S, Kadioglu Simsek G, Oncel MY, et al. The effect of histological
chorioamnionitis on the short-term outcome of preterm infants
</=32 weeks: a single-center study. ] Matern Fetal Neonatal Med
2014;27:1129-33.

[36] Soraisham AS, Trevenen C, Wood S, et al. Histological chorioamnionitis
and neurodevelopmental outcome in preterm infants. | Perinatol 2013;
33:70-5.

[37] Xu LP, Ren RN, Zhu SB, et al. Effect of chorioamnionitis on brain injury
in preterm infants. Zhongguo Dang Dai Er Ke Za Zhi 2012;14:661-3.

[38] Ahn HM, Park EA, Cho SJ, et al. The association of histological
chorioamnionitis and antenatal steroids on neonatal outcome in preterm
infants born at less than thirty-four weeks’ gestation. Neonatology
2012;102:259-64.

[28]

(29]

10

Medicine

[39] Kasper DC, Mechtler TP, Bohm ], et al. In utero exposure to Ureaplasma
spp. is associated with increased rate of bronchopulmonary dysplasia
and intraventricular hemorrhage in preterm infants. ] Perinat Med
2011;39:331-6.

[40] Shi XK, Nong SH, Gao PM, et al. Risk assessment of placental
inflammatory response on the intraventricular hemorrhage of premature
infant. Chinese ] Neonatol(Chinese) 2010;25:139-42.

[41] Zanardo V, Vedovato S, Suppiej A, et al. Histological inflammatory
responses in the placenta and early neonatal brain injury. Pediatr Dev
Pathol 2008;11:350-4.

[42] Rocha G, Proenca E, Quintas C, et al. Chorioamnionitis and brain
damage in the preterm newborn. ] Matern Fetal Neonatal Med
2007;20:745-9.

[43] Richardson BS, Wakim E, daSilva O, et al. Preterm histologic
chorioamnionitis: impact on cord gas and pH values and neonatal
outcome. Am ] Obstet Gynecol 2006;195:1357-65.

[44] Sarkar S, Kaplan C, Wiswell TE, et al. Histological chorioamnionitis and
the risk of early intraventricular hemorrhage in infants born < or =28
weeks gestation. ] Perinatol 2005;25:749-52.

[45] Polam S, Koons A, Anwar M, et al. Effect of chorioamnionitis on
neurodevelopmental outcome in preterm infants. Arch Pediatr Adolesc
Med 2005;159:1032-5.

[46] Alexander JM, Gilstrap LC, Cox SM, et al. Clinical chorioamnionitis and
the prognosis for very low birth weight infants. Obstet Gynecol 1998;91
(5 pt 1):725-9.

[47] Morales W]. The effect of chorioamnionitis on the developmental
outcome of preterm infants at one year. Obstet Gynecol 1987;70:
183-6.

[48] Been JV, Rours IG, Kornelisse RF, et al. Histologic chorioamnionitis,
fetal involvement, and antenatal steroids: effects on neonatal outcome in
preterm infants. Am J Obstet Gynecol 2009;201:587¢1-€8.

[49] Viscardi RM, Hashmi N, Gross GW, et al. Incidence of invasive
ureaplasma in VLBW infants: relationship to severe intraventricular
hemorrhage. ] Perinatol 2008;28:759-65.

[50] Jobe AH, Ikegami M. Antenatal infection/inflammation and postnatal
lung maturation and injury. Respir Res 2001;2:27.


http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm

	Antenatal infection and intraventricular hemorrhage in preterm infants
	1 Introduction
	2 Material and methods
	2.1 Search strategy
	2.2 Study selection
	2.3 Data extraction
	2.4 Quality assessment
	2.5 GRADE assessment
	2.6 Statistical analysis

	3 Results
	3.1 Study characteristics
	3.2 Quality assessment
	3.3 Antenatal infection and IVH
	3.4 Sensitivity analysis
	3.5 Publication bias
	3.6 GRADE assessment

	4 Discussion
	4.1 Overall completeness and applicability of evidence
	4.2 Advantages and limitations
	4.3 Implications for practice and research

	5 Conclusion
	Author contributions
	References


