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Risk factors for periventricular-intraventricular
haemorrhage severity in preterm infants:
a propensity score-matched analysis
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Abstract

Background Most previous studies comparing etiological studies in infants with and without periventricular-
intraventricular haemorrhage (PV-IVH) concluded that younger gestational age (GA) was associated with a higher
prevalence rate of PV-IVH. However, only a few studies have examined the risk factors associated with the severity of
PV-IVH after removing the influence of GA. Therefore, we investigated the risk factors apart from GA for PV-IVH severity
in preterm infants less than 28 weeks.

Methods This was a retrospective case-control study of preterm infants born in West China Second Hospital with
PV-IVH between 2009 and 2020. PV-IVH was defined using cranial ultrasound screening. Preterm infants were divided
into no PV-IVH and PV-IVH groups, and preterm infants with PV-IVH were divided into mild and severe PV-IVH groups.
Groups were matched in a 1:1 ratio using propensity score calculated from GA. Variables were collected from infant-
mother pairs. A stepwise forward multivariate logistic regression model was adopted to select factors that affected
PV-IVH in preterm infants.

Results A total of 429 preterm infants were included. The total incidence of PV-IVH in preterm infants was 55.6%, and
the incidence of mild and severe PV-IVH was 28.7% and 26.9%, respectively. We matched 162 infants with no PV-IVH
with 162 infants with PV-IVH. The results suggested that electrolyte disorder (OR 2.79, 95% Cl: 1.34-5.77), early-onset
sepsis (OR 1.76,95% Cl: 1.01-3.08), thrombocytopenia (OR 2.87, 95% Cl: 1.10-7.48), invasive mechanical ventilation (OR
4.21,95% Cl: 1.86-9.55), and male sex (OR 2.16, 95% Cl: 1.29-3.60) were independently associated with PV-IVH. Then,
we matched 87 infants with mild PV-IVH with 87 infants with severe PV-IVH. The results suggested that electrolyte
disorder (OR 2.88, 95% Cl: 1.29-6.45), thrombocytopenia (OR 5.73, 95% Cl: 1.91-17.14), and invasive mechanical
ventilation (OR 10.54, 95% Cl: 1.16-95.85) were independently associated with severity of PV-IVH.

Conclusions Regardless of GA, electrolyte disorder, early-onset sepsis, thrombocytopenia, invasive mechanical
ventilation, and male sex contributed to PV-IVH in preterm infants, and electrolyte disorder, thrombocytopenia, and
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invasive mechanical ventilation contributed to severe PV-IVH. These risk factors may combine to predict the incidence

of PV-IVH in preterm infants.

Keywords Preterm infants, Periventricular-intraventricular haemorrhage, Gestational age, Propensity score, Risk factor

Background

Premature births and their consequences pose significant
clinical and social problems. Periventricular-intraven-
tricular haemorrhage (PV-IVH) is a typical intracranial
lesion in preterm infants [1], and the prognosis is mainly
dependent on its severity [2]. A previous study suggests
that preterm infants with mild PV-IVH are at a higher
risk of cerebral palsy compared to preterm infants with-
out PV-IVH [2]. As the grade of PV-IVH increases, the
degree of neurological damage also increases; conse-
quently severe PV-IVH (grades III and IV) is an indepen-
dent risk factor for death and neurological sequelae [2, 3].
Survivors of severe PV-IVH often experience cognitive,
language, and motor deficits, requiring extensive and
early rehabilitation interventions to improve neurological
outcomes [4]. Severe PV-IVH results in a heavy burden
on the affected infants, their families, and society. There-
fore, identifying the risk factors for different degrees of
PV-IVH is essential and may facilitate a better under-
standing of the PV-IVH aetiology.

PV-IVH occurrence, particularly severe PV-IVH, is
inversely related to gestational age (GA) [5-7]. The rea-
sons include poor coagulation, fragile microvasculature
in the germinal matrix, lack of autoregulatory mecha-
nisms in the cerebral blood flow, and increased compli-
cations and treatments associated with the small size of
preterm infants [8]. GA, the most influential and immu-
table factor, has been considered routinely in previous
PV-IVH studies, which may have eliminated the effects
of other factors. Therefore, exploring the other adjustable
factors for PV-IVH is essential. Furthermore, current
studies have only compared infants with and without PV-
IVH in aetiology research [9, 10], only a few studies have
examined the different risk factors between severe and
mild PV-IVH after removing the influence of GA [11, 12].
Therefore, using propensity score matching for GA, this
study was performed to explore the different risk factors
for PV-IVH and the severity of PV-IVH.

Materials and methods

Study population

West China Second Hospital is a crucial tertiary hospital
in Southwest China, where numerous critically ill new-
borns are treated in the neonatal intensive care unit. Our
medical centre has 200 beds, including 100 cots in the
neonatal intensive care unit and 100 cots in the general
ward. Approximately 4,000 preterm infants are admit-
ted to our centre each year. Per the American Academy
of Neurology practice parameters and Chinese practice

guidelines [13, 14], a cranial ultrasound is performed
on all preterm infants admitted to our neonatal inten-
sive care unit. In this study, we selected inborn preterm
infants at less than 28 weeks of gestation between 2009
and 2020 to investigate the aetiologic of PV-IVH and the
differences between severe and mild cases. Infants were
excluded in the study if they were outborn with a severe
deformity, genetic or metabolic disease, chromosome
abnormality, or incomplete information.

Diagnosis of PV-IVH

PV-IVH grading and grouping

We referred to the Papile grading system as follows [15]:
grade I: haemorrhage restricted to the subependymal;
grade II: intraventricular haemorrhage without ventricu-
lar dilatation; grade III: extended haemorrhage with ven-
tricular dilatation; and grade IV: haemorrhage within
the ventricular system and parenchymal. Grades I and
II were regarded as mild PV-IVH, and grades III and IV
were regarded as severe PV-IVH. If the highest PV-IVH
grade detected on the serial cranial ultrasound was grade
III or IV, the infants were included in the severe PV-
IVH group. Otherwise, infants with grades I or II were
included in the control group.

Cranial ultrasound screening

Serial cranial ultrasound was performed by paediatric
sonographers as described in our previous study [8]. The
initial screening was completed within 72 h after birth. If
no bleeding was detected, the screening was repeated at
7, 14, and 42 days. If bleeding was observed, then a repeat
ultrasound was performed weekly until at least two con-
secutive scans demonstrated stabilisation or resolution of
bleeding. The paediatric sonographers received uniform
PV-IVH screening training and were blinded to the neo-
nates’ clinical information to ensure consistent and reli-
able reporting.

Data collection

This study was a retrospective case-control study, and
data were obtained from the patient database of our
medical centre. We selected the possible risk factors for
this study after reviewing numerous relevant studies on
the risk factors of PV-IVH. All methods in this study
adhered to the applicable guidelines and regulations.

The data on variables collected in this study were
consistent with those in our previous study [8] and
are described as follows: (1) infant baseline character-
istics including GA, birth weight (BW), sex, multiple
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gestations, primigravidity, vaginal delivery, in vitro fer-
tilisation, and asphyxia (umbilical artery pH<7.0); (2)
complications including pneumonia, respiratory distress
syndrome, apnea (i.e., respiratory arrest for more than
20 s), patent ductus arteriosus, sclerederma, anaemia
(i.e., venous haemoglobin<130 g/L or peripheral blood
haemoglobin<145 g/L), and early-onset sepsis (onset
at <3 days of age); (3) laboratory test results including
electrolyte disorder (any abnormalities in electrolytes
such as sodium ions, potassium ions, calcium ions, phos-
phate ions, chloride ions, and magnesium ions detected
through laboratory tests), thrombocytopenia (plate-
let count<100x10%/L), and abnormal coagulation (i.e.,
activated partial thromboplastin time>70 s); (4) treat-
ments received including invasive mechanical ventila-
tion (a history of receiving conventional ventilation or
high-frequency oscillatory ventilation after endotracheal
intubation), and administration of pulmonary surfac-
tant, dopamine, or antibiotics; and (5) maternal charac-
teristics including a history of foetal abnormalities (e.g.,
premature birth, teras, or hydatidiform mole), gestational
hypertension, and histological chorioamnionitis. The
history also included placental abnormality (e.g., pla-
centa previa or placental abruption), anaemia (i.e., blood
haemoglobin<100 g/L), and intrahepatic cholestasis of
pregnancy (ICP). Abnormal foetal position, lower genital
tract infection (i.e., culture-positive vaginal and cervical
secretions), foetal intrauterine distress, and use of anti-
biotics and dexamethasone (complete and incomplete
course) were considered as part of the maternal history.
Cases with incomplete data were not included in the final
analysis.

Statistical analysis

We used SPSS software (version 26, IBM Corp., Armonk,
NY, USA) to perform the statistical analyses. First,
infants were matched in a 1:1 ratio using the propensity
score calculated from the GA. The propensity score was
calculated by fitting a logistic regression model. Nearest-
neighbor matching within a specified calliper width (a
calliper of 0.2 standard deviations of the logit function
of the propensity scores) was used. The first randomly
selected infant in the PV-IVH group was matched to the
patient in the no PV-IVH group with the closest propen-
sity score. If multiple infants in the no PV-IVH group
were equally close to this infant in the PV-IVH group,
then one of the infants in the no PV-IVH group was
randomly selected for matching with this infant treated
in the PV-IVH group. This process was repeated until
all possible matches were formed. If for a given infant
in the PV-IVH group, no available patient in the no PV-
IVH group was within the specified calliper width, then
that infant in the PV-IVH group was excluded from the
matched sample. Similarly, unmatched infants in the no
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PV-IVH group were excluded from the matched sample.
The same method was used to match the mild and severe
PV-IVH groups. Then, the risk factors for PV-IVH were
evaluated between the mild and severe PV-IVH groups.
The continuous variables are presented as the
meantstandard deviation for normally distributed data,
and independent sample t-tests were performed. The
Wilcoxon test was used for continuous variables with a
skewed distribution, which are presented as medians
with interquartile ranges. Chi-square or Fisher’s exact
tests were used to compare categorical variables.
Correlation matrix analysis and Chi-square test were
performed to determine the correlation between two
variables. For variables with correlation coefficients
greater than 0.4, or Chi-square test with statistical dif-
ferences, variables were selectively excluded. Finally, the
variables that differed significantly between groups and
without significant correlations were included in the
multivariate analysis. Potential variables were used in a
backward stepwise logistic regression analysis to calcu-
late the adjusted odds ratios (ORs) and corresponding
95% confidence intervals (CIs). All hypothesis tests were
two-tailed. Statistical significance was set at P <0.05.

Results

A total of 429 inborn premature infants (in West China
Second Hospital) were included between 2009 and 2020.
The total incidence of PV-IVH in preterm infants was
55.6%, and the incidence of mild and severe PV-IVH was
28.7% and 26.9%, respectively. Ultimately, 376 neonates
at less than 28 weeks of gestation were included in this
study. After propensity score-matching, 324 premature
infants were used for analysis: 162 with no PV-IVH and
162 with PV-IVH (Fig. 1). Almost all of the PV-IVH pre-
term infants were diagnosed within 7 days of birth, and
all the variables in our study were collected before PV-
IVH onset. GA and BW presented a skewed distribution,
with a median GA of 26.2 (23-27) weeks and median BW
of 925 (440-1440) g and 940 (490-1400) g for the two
groups, respectively. The groups comprised 176 boys and
148 girls.

Subsequently, after propensity score-matching, 174
premature infants with PV-IVH were used for analysis:
87 with mild PV-IVH and 87 with severe PV-IVH (Fig. 2).

General information regarding preterm infants with
PV-IVH is presented in Table 1. We found no significant
differences in GA, BW, primigravidity, multiple gestation,
in vitro fertilisation, placental abruption, and asphyxia
between the groups. Patients in the PV-IVH group were
more likely to be male and by a vaginal delivery.

Table 2 shows the complications and laboratory tests of
preterm infants. The preterm infants with sclerederma,
early-onset sepsis, electrolyte disorder, and thrombo-
cytopenia were more likely to have PV-IVH. There were
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All preterm infants
(n=429)

Excluded

Born in other hospitals (n = 52)
Severe deformity or
» | Genetic metabolic disease (n = 1)

Included: Preterm infants < 28 weeks to
undergo propensity score-matching (n =376)

Matched for GA at 1:1 ratio

Preterm infants < 28 weeks
(n=324)

No PV-IVH group
(n=162)

PV-IVH group
(n=162)

Fig. 1 Flow Chart of the selection of preterm infants. PV~/VH periventricular-intraventricular haemorrhage

no significant differences between the no PV-IVH and
PV-IVH groups in terms of the incidence of pneumonia,
respiratory distress syndrome, apnea, patent ductus arte-
riosus, anemia, and abnormal coagulation.

Treatments administered to preterm infants are shown
in Table 3. Our results showed that infants with PV-IVH
required more invasive mechanical ventilation. The use
of dopamine, pulmonary surfactant, and antibiotics did
not differ between groups.

Table 4 shows the maternal characteristics of preterm
infants. We found that PV-IVH was associated with a
maternal history of cesarean section, gestational hyper-
tension, intrahepatic cholestasis of pregnancy, and lower
genital tract infection. There were no significant differ-
ences between the no PV-IVH and PV-IVH groups in
terms of the history of fetal abnormalities and abortion,
pre-eclampsia, gestational diabetes, pregnancy anemia,
chorioamnionitis, pregnancy with thrombocytopenia,
and use of antibiotics and dexamethasone.

In the univariate analysis, 10 significant variables
were obtained and included in the multivariate analysis

after stepwise elimination, correlation coefficients, and
clinical screening. The results (Table 5) suggested that
early-onset sepsis (OR 1.76, 95% CI: 1.01-3.08), throm-
bocytopenia (OR 2.87, 95% CI: 1.10-7.48), electrolyte
disorder (OR 2.79, 95% CI: 1.34—5.77), invasive mechani-
cal ventilation (OR 4.21, 95% CI: 1.86-9.55), and male sex
(OR 2.16, 95% CI: 1.29-3.60) were independently associ-
ated with PV-IVH.

Table 6 shows the univariate analysis of preterm infants
with PV-IVH. The preterm infants with early-onset sep-
sis, electrolyte disorder, thrombocytopenia, and invasive
mechanical ventilation were more likely to have severe
PV-IVH than mild PV-IVH. There were no significant
differences in male sex between the mild and severe PV-
IVH groups.

The results (Table 7) suggested that electrolyte dis-
order (OR 2.88, 95% CI: 1.29-6.45), thrombocytopenia
(OR 5.73, 95% CI: 1.91-17.14), and invasive mechanical
ventilation (OR 10.54, 95% CI: 1.16—95.85) were indepen-
dently associated with severity of PV-IVH.
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All preterm infants < 28 weeks
(n=429)

Born in other hospitals (n = 52)
Severe deformity or

Genetic metabolic disease (n = 1)
Excluded with No PV-IVH (n=167)

Included: Preterm infants <28 weeks with

PV-IVH to undergo propensity score-
matching (n =209)

Matched for GA at 1:1 ratio

\4

Preterm infants <28 weeks with initially
diagnosed as PV-IVH

(n=174)
Mild PV-IVH group Severe PV-IVH group
(Grade I or II) (Grade Il or IV)
(n=287) (n=287)

Fig. 2 Flow Chart of the selection of preterm infants with PV-IVH. PV~I/VH periventricular-intraventricular haemorrhage

Table 1 Univariate analysis of the basic information of preterm Table 2 Univariate analysis of preterm infant complications
infants after propensity score-matched pairs Variables NoPV-IVH PV-IVH P
Variables No PV-IVH PV-IVH P group group

group group (n=162) (n=162)

(n=162) (n=162) Pneumonia n, (%) 120 (74.1) 126 (77.8) 0436
Gestational age median (IQR) —wk 262 (23-27) 262 (23-27) 1.000 Respiratory distress syndrome n, (%) 147 (90.7) 146 (90.1)  0.850
Birth weight median (IOR) — g 925(440- 940 0614 Apnea n, (%) 43 (26.5) 52(32.1) 0.272

1440) (490-1400) Patent ductus arteriosus n, (%) 99(61.1) 104 (642) 0566
Male n, (%) 79(488)  97(399) 0045 Scleredema n, (%) 4(25) 22(136) <0001
Primigravidity n, (%) (40 7) (46 9) 0.263 Anemia n, (%) 95 (58.6) 95 (586) 1.000
Multiple gestations n, (%) 9488  84(519 0579 Early-onset sepsis n, (%) 394.1)  61(377) 0008
Vaginal delivery n, (%) (23 5) 8(35.8) 0015 Electrolyte disorder n, (%) 16(9.9) 39(24.1)  0.001
In vitro fertilization n, (%) 168) 503) 0413 Thrombocytopenia n, (%) 9(56) 27(167) 0001
Placental abruption n, (%) 10129 21(129) 1.000 Abnormal coagulation n, (%) 15(9.3) 22(136) 0221
Asphyxia n, (%) 151(93.2) 146 (90.1) 0315 PV-IVH periventricular-intraventricular haemorrhage. aBaseline values were

IQR interquartile range; PV-IVH periventricular-intraventricular hemorrhage. tested before or within PV-IVH diagnosis.
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Table 3 Univariate analysis of the treatment of preterm infants

Variables No PV-IVH PV-IVH P
group group
(n=162) (n=162)
Invasive mechanical ventilation 125 (77.2) 151 (93.2) <0.001
n, (%)
Pulmonary surfactant use n, (%) 136 (84.0) 146 (90.1) 0.098
Dopamine n, (%) 18(11.1) 25(154) 0.252
Antibiotics n, (%) 120 (74.7) 127 (78.4) 0.361

PV-IVH periventricular-intraventricular hemorrhage.

Table 4 Univariate analysis of maternal characteristics of
premature infants

Variables No PV-IVH P

PV-IVH group

group (n=162)

(n=162)
History of fetal abnormalities n, (%) 8 (4.9) 10(6.2) 0.566
History of abortion n, (%) 55(34.0)  64(39.5) 0.162
History of cesarean section n, (%) 18(11.1) 342100 0013
Pre-eclampsia n, (%) 6(3.7) 6(3.7) 0.991
Gestational hypertension n, (%) 3(1.9) 14 (8.6) 0.006
Gestational diabetes n, (%) 36(22.2) 34(21.0) 0.833
ICP n, (%) 1(0.6) 8(4.9) 0.017
Pregnancy anemia n, (%) 26(16.0) 32(19.8) 0382
Chorioamnionitis n, (%) 90(55.6) 91(56.2) 0.806
Lower genital tract infections n, (%) 35(216) 62(383) 0.001
Antibiotics n, (%) 94(58.0) 77(47.5) 0.262
Thrombocytopenia n, (%) 1(0.6) 2(1.2) 0.562
Dexamethasone n, (%) 137(846) 111(685) 0.112

PV-IVH  periventricular-intraventricular
cholestasis of pregnancy.

hemorrhage, ICP intrahepatic

Table 5 Factors associated with PV-IVH in preterm infants

Variables aOR 95% Cl

Early-onset sepsis 1.76 1.01-3.08
Thrombocytopenia 287 1.10-7.48
Electrolyte disorder* 2.79 1.34-5.77
Invasive mechanical ventilation 4.21 1.86-9.55
Male 2.16 1.29-3.60

PV-IVH periventricular-intraventricular haemorrhage, aOR adjusted odds ratio,
95% C195% confidence interval. * refers to any abnormalities in electrolytes such
as sodium ions, potassium ions, calcium ions, phosphate ions, chloride ions, and
magnesium ions detected through laboratory tests

Table 6 Univariate analysis of premature infants with PV-IVH.

Variables Mild Severe P

PV-IVH PV-IVH

group group

(n=87) (n=87)
Male n, (%) 50 (57.5) 44 (50.6) 0.361
Early-onset sepsis n, (%) 24(276)  41(47.)  0.008
Electrolyte disorder n, (%) 12(13.8) 29(33.3)  0.002
Thrombocytopenia n, (%) 5(5.7) 26(29.9) <0.001
Invasive mechanical ventilation n, (%) 78 (89.7)  86(98.9)  0.009

PV-IVH periventricular-intraventricular hemorrhage.
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Table 7 Factors associated with severity of PV-IVH in preterm

infants

Variables aOR  95%Cl
Thrombocytopenia 5.73 191-17.14
Electrolyte disorder 2.88 1.29-6.45
Invasive mechanical ventilation 10.54  1.16-95.85

PV-IVH periventricular-intraventricular haemorrhage, aOR adjusted odds ratio,
95% C195% confidence interval.

Discussion

The most influential risk factor for PV-IVH, GA is
inversely correlated with the occurrence of PV-IVH
[6, 8]. In this study, we conducted a propensity score-
matched analysis to eliminate the influence of GA. Our
study helps clarify the aetioly of PV-IVH, and the differ-
ences between the degrees of PV-IVH severity, which
may be helpful for future clinical interventions.

In all premature infants included in this study, PV-IVH
was diagnosed within 7 days of birth, and all risk factors
occurred before the diagnosis of PV-IVH. Therefore, it
is reasonable to believe that the risk factors we obtained
may lead to PV-IVH, given that these risk factors have
also been discussed in previous studies.

Our research shows that early-onset sepsis is a signifi-
cant cause of PV-IVH, consistent with previous studies
[5, 8, 11, 16]. Sepsis is known to be accompanied by a
storm of inflammatory cytokines. Inflammatory factors
detected in the blood of infants with PV-IVH were signif-
icantly higher than those in healthy neonates, correlating
with PV-IVH severity [5, 8, 11, 16]. The increased level
of inflammatory factors damage the blood-brain barrier
and the cerebral blood vessels, contributing to the cere-
bral blood vessels’ rupture [17]. Inflammatory factors can
also disrupt the blood pressure regulation function of the
brain, resulting in severe fluctuations in cerebral perfu-
sion pressure in premature infants and subsequent PV-
IVH [10, 18].

A systematic review suggested that thrombocytopenia
is a risk factor for PV-IVH in preterm infants [19], which
is consistent with our findings. Since thrombocyte counts
regulate haemostatic function, thrombocytopenia is
associated with bleeding tendencies, including PV-IVH.
In addition, thrombocytopenia may be caused by infec-
tion and other abnormal coagulation events [20, 21],
which may be risk factors for PV-IVH.

Our study suggests that invasive mechanical ventilation
is an independent risk factor for PV-IVH (Table 5). Previ-
ous studies have shown that invasive mechanical ventila-
tion may disrupt cerebral blood flow and induces a local
inflammatory response [17, 22]. Another study found that
invasive mechanical ventilation aggravated brain damage
by increasing dopamine release [23]. This provides a pos-
sible explanation for why premature infants are prone to
PV-IVH after invasive mechanical ventilation.
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We found that electrolyte disorder was an indepen-
dent risk factor for PV-IVH and is related to its severity.
Previous studies have suggested that a preterm infant’s
immature brain is vulnerable to injury from an electro-
lyte disorder, such as hypernatremia, leading to changes
in the osmolarity of intracranial blood vessels, which
increases the risk of PV-IVH [9, 24, 25].

We found that male sex was an independent risk fac-
tor of PV-IVH, as supported by a previous study [26, 27].
The study suggests that male newborns are more suscep-
tible to catecholamines and have a higher cerebral blood
flow than female infants. In addition, sex differences in
inflammatory factor gene polymorphisms and differences
in hormone levels may explain why males are more prone
to PV-IVH than females [26].

Our study had some limitations. First, we included
preterm infants with a GA of less than 28 weeks. Hence,
caution should be exercised when applying these find-
ings to preterm infants with other GAs. Second, cau-
tion should be exercised when generalising our results
to other settings, as this was a single-centre study con-
ducted in China. In addition, there may be uncontrollable
recall bias because this was a retrospective clinical study.
Lastly, although the paediatric sonographers in this study
received uniform PV-IVH screening training and were
blinded to the clinical information, detection bias might
have existed between paediatric sonographers.

Conclusions

Our findings suggest that electrolyte disorder, early-onset
sepsis, thrombocytopenia, invasive mechanical venti-
lation, and male sex contribute to PV-IVH in preterm
infants. Also, electrolyte disorder, thrombocytopenia,
and invasive mechanical ventilation contributed to severe
PV-IVH.
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