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being highest among extreme premature infants with
extreme low birth weights [1]. It is estimated that the
incidence of PVH-IVH reach up to 30% in infants born

Abstract

Improvement of neonatal intensive care in the modern era
has greatly changed the demographic image with evolving

new generation of extreme preterm survivors. And indeed, between the 23 and 26" week of gestation [2]. Bleed-
evolving new co-morbidities that influence the short and ing in brain ventricles occurs because blood vessels in
long-term outcomes of these infants. the germinal matrix are quite fragile and susceptible to

Periventricular-Intraventricular hemorrhage (PVH-IVH) is a different noxious stimuli that eventually lead to rupture
significant health problem affecting the brain structures in and bleeding [3]. Cranial ultrasonography remains the
a cr'.t'c‘?'l SEYR O develppmeqt n preterm, TMETLES, A EUEn main diagnostic tool of IVH despite the limited ability
the incidence has declined since the 80’s of the last cen- ] . . A
tury, PVH-IVH continued to be a costly co-morbidity in this ~ t© f:leﬁne ‘_’Vh'te matter Injuries and cerebellar lesions
subset of infants. Life-long neurological sequelae especially which are important determinants of the future neuro-
cerebral palsy, seizures, _coordination disorders, and_ de- cognitive performance among IVH survivors. The patho-
velopmental delay are major concern to health care givers physiology, classifications, common risk factors and
and represent significant economic and social burden to L. . . . .
. , : clinical presentation of PVH-IVH in preterm infants will
the family. This review offers an update on the pathogene- . . : . .
sis, diagnostic neuroimaging modalities, and the long-term be reviewed. Furthermore, this review aims to directly
neurodevelopmental outcomes of mild grades PVH-IVH in assess the current neuroimaging techniques and how
preterm survivors. the lower grades IVH impact the future neurocognitive

Keywords outcomes of IVH survivors.
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PVH-IVH typically originates at the germinal matrix
which is a highly cellular structure consisting of neu-
PVH-IVH:  Periventricular Hemorrhage_-lntraventrigular ronal and glial precursor cells. It has extremely fragile
Hem_orrhage; clz Cereb_ral Pa_lsy; WMI.: Bl it [V blood vessels and a free communication between the
cUS: Cranial Ultrasound; MRI: Magnetic Resonance Image ) .

capillary network and the venous system located main-
ly between thalamus and caudate nucleus at the level
of foramen of Monro. Impaired cerebral autoregulation

Intraventricular hemorrhage is considered as the in preterm infants represents the second major deter-
most common central nervous system bleeding in mining factor in PVH-IVH pathogenesis. Fluctuation in
preterm infants particularly very low birth weight neo-  systemic blood pressure is associated with significant
nates (VLBW) weighing less than 1500 g with gestational  similar swings in cerebral blood flow velocities leading
age less than 28 weeks. The incidence of PVH-IVH is in-  to damage of the vulnerable fragile capillary network
versely related to the gestational age of preterm infants  and bleeding in the germinal matrix when cerebral
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Table 1: Comparison between Papile and Volpe Grading classification of PVH-IVH.

Papile criteria Description Volpe criteria Description
Grade | Hemorrhage limited to Grade | Blood in the germinal matrix with
germinal matrix or without IVH less than 10% of
ventricular space
Grade Il Blood noted within the Grade I IVH occupying 10-50% of
ventricular system but not ventricular space on parasagittal
distending it view
Grade lll Blood in the ventricles with Grade Il IVH occupying greater than 50% of
distension of the ventricles ventricle with or without ventricular
echo-densities
Grade IV Intraventricular hemorrhage | Separate notation of other Periventricular hemorrhagic
with parenchymal extension  findings infarction

Table 2: Schematic diagram of the common risk factors of PVH-IVH.

Antenatal factors

Delivery and labour

Neonatal factors

1-Infection

2-Pre-eclampsia

3-Drugs: Lack of corticosteroids
4-Perinatal asphyxia

5-Genetic factors

1-Maternal demography, transport, and
health care.

2-Vaginal delivery
3-Early cord clamping
4-Intrapartum asphyxia

1-Prematurity

2-Neonatal transport.

3-RDS, mechanical ventilation.
4-Resuscitation

5-Hypotension and Hypovolemia

6-Anemia
7-PDA
8-Pneumothorax
9-Coagulopathy
10-Sepsis
11-Acidosis
12-Hypoxia
13-Hypothermia
14-Male sex

PDA: Patent Ductus Arteriosus; RDS: Respiratory Distress Syndrome.

autoregulation is impaired. A comparison of the ana-
tomical classification systems of PVH-IVH by Papile and
Volpe is given in Table 1. Grades I-ll IVH are considered
as mild grades while grades IlI-IV are labelled as severe
IVH [4,5].

Pathogenesis

The pathogenesis of PVH-IVH is multifactorial and
complex. The Table 2 summaries the different risk fac-
tors for intraventricular hemorrhage in preterm infants.
The large capillary network in the geminal matrix is
very delicate and thin walled and lacks adequate ana-
tomical support. It is highly sensitive to hypoxic insults
and increased venous pressure, with increased perme-
ability and easy bleeding in the sub-ependymal region
that can progressively extend to the ventricular system
[6]. The fragility of the matrix microvasculature comes
from: 1) Insufficiency of pericytes, which are the mural
cells or the vascular endothelial smooth muscle cells; 2)
Fibronectin deficiency in the basal lamina: Fibronectin
molecules beside collagen, heparan and laminin are im-
portant components of basal lamina which is an essen-
tial structure of the blood brain barrier (BBB); 3) Glial
fibrillary acidic protein (GFAP) deficiency in astrocytes:
GFAP is a nanofilament protein in the astrocytes pro-

cesses (end-feet) that extend around blood vessels to
provide structural and haemostatic support to the BBB.

Clinical Presentation and Diagnostic Neuroim-
aging

Most cases of PVH-IVH in preterm infants take place
in the first postnatal week although the occurrence
maybe much later. The presentation of hemorrhage can
be either a catastrophic event with collapse and neu-
rologic deterioration that progresses within hours to
respiratory depression and coma [7]. The second pre-
sentation often follows a subtler course with nonspe-
cific easily overlooked signs such as hypotonia, pallor,
respiratory distress and often diagnosed on routine cra-
nial ultrasound examinations [8].

Neuroimaging
Real time cranial ultrasound (CUS)

It is the most commonly used diagnostic tool with
high sensitivity (96%) and specificity (94%). It is cheap,
non-invasive and allows several bed side brain scans
with comfort [9,10]. It is the method of choice to screen
for and follow up the progression of PVH-IVH in preterm
infants especially extremely low birth weight infants
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Figure 1: A) Grade | sub-ependymal hemorrhage in a 5- day old premature infant, Coronal view ultrasound; B) Grade Il PVH-

IVH in sagittal view.

Figure 2: Brain MR, Periventricular leukomalacia.

less than 1000 g (Figure 1). Cranial ultrasonography lim-
itations include operator dependency, scanning difficul-
ty of the posterior cranial fossa and subtle diffuse white
matter abnormalities, and the limited prediction of the
outcome in the high-risk preterm infants [11].

Conventional brain Magnetic resonance imaging
(MRI)

It is a powerful non-ionising tool that can effectively
diagnose subtle brain lesions in preterm infants partic-
ularly diffuse non-cystic PVL, infarctions, and posterior
fossa abnormalities (Figure 2). However, the need for
transport to MRI scan, the long-time of examination,
and the other logistic issues has limited its utilisation in
neonatal units [12]. Unfortunately, the current neuro-
imaging tools including cUS and even the conventional
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MRI, cannot correlate accurately with the microscopic
subtle neuropathological diagnoses like gliosis and neu-
ronal-axonal injury which need micron and not millime-
tre working MRI resolution [13].

Quantitative brain MRI

Through computational analysis of brain structure,
connectivity, and function; quantitative brain MRI can
analyse metabolic changes associating subtle perinatal
brain injuries. Thus, with clinical correlation, it may es-
tablish cognitive and neurodevelopmental prognosis in
preterm infants with PVH-IVH at earlier ages [14,15].
The reduction in cerebral, cerebellar, and basal ganglia
volumes in preterm infants with white matter injury is
well documented in previous studies and can be detect-
ed by the volumetric brain MRI imaging at term equiva-
lent age [16,17].

Diffusion tensor imaging (DTI)

It is an advanced computational MRI technique as-
sessing changes in water molecule diffusion param-
eters in the brain tissues which are early indicators of
neonatal brain damage (Figure 3). With assessing and
quantifying the early WM microstructures integrity, it
can predict future cognitive and motor outcomes of IVH
survivors [18,19].

Complications and Outcome

It is estimated that 35-40% of infants with IVH will
suffer from periventricular leukomalacia (PVL), hydro-
cephalus, neurocognitive delay, cerebral palsy (CP), or
seizures [20]. A spectrum of WMI has expanded greatly
after brain MRI’s widespread use and included unrec-
ognised lesions commonly missed by cUS screening. PVL
with diffuse necrosis and gliosis is commonly associat-
ed with PVH-IVH. IVH could be the pathogenetic mech-
anism for the development of PVL and other mixed
patterns of encephalopathy of prematurity [21]. These
complications worsen with increased severity of PVH-
IVH and decreased gestational age. Mortality rate is di-
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A Patient 1
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Patient 4 Patient 5

Figure 3: Diffusion tensor imaging (DTI). Preterm infants with WMI and CP. A) Axial images on T2 flair; B) DTI showing the
trajectory of motor fibres normally in patients 1,2 and absent in patient 5 on left side.

Table 3: Details of search strategy.

Search terms/Key words

Database used

Exclusion criteria

Preterm, premature

Intracranial bleeding
Neurodevelopment
Neurodevelopmental impairment
Cognitive function

Intellectual function

TRIP

Cerebral palsy

Cochrane review

Infant, Child Pub med
Intraventricular hemorrhage Ovid
Periventricular hemorrhage Up to date
PVH-IVH EBSCO

Google Scholar
Web of Science

EMBASE

Other brain lesions as PVL, PHVD
IVH in term infants

Expert opinion, case reports,
dissertations, letters

PVL: Periventricular Leukomalacia; PHVD: Post Hemorrhagic Ventricular Dilatation; IVH: Intraventricular Hemorrhage.

rectly proportional to the severity of IVH. Mortality rate
reaches 4-10 percent in lower grades PVH-IVH, and up
to 30%-40% for grades Ill and IV [22].

Neurodevelopmental Outcomes

The prediction of neurodevelopmental outcome in
preterm infants with PVH-IVH is dependent on three
main criteria: 1) Clinical assessment; 2) Neuroimaging
evaluation; 3) Neuropathological findings. Neurode-
velopmental outcome is a composite term, and assess-
ment typically includes neurologic, sensory, and cogni-
tive evaluation preferably by an experienced researcher
at 18-24 months corrected age. Bayley Scales for Infant
and Toddler Development is a reliable tool for develop-
mental assessment comparing results to a standardized
norm [23]. In this scale, fine and gross motor develop-
ment, cognitive development, and receptive and ex-
pressive language are assessed and scaled to a mean of

Alshafei. Int J Pediatr Res 2020, 6:060

100 with a standard deviation (SD) of 15. A score less
than 85 is classified as “at risk” of developmental delay
and a score of less than 70 on any of the subscales is
considered “delayed” [24]. Other tools involving par-
ents as an active role player in neurodevelopmental as-
sessment team are gaining popularity such as The Ages
and Stages Questionnaire (ASQ). Grades IlI-IV PVH-IVH
are associated with definite moderate to severe neu-
rodevelopmental impairment in all domains compared
with neonates who have no IVH as shown in many pre-
vious reports. However, there is a growing body of evi-
dence that the long-term prognosis of preterm infants
with severe PVH-IVH is more favourable than previously
thought [25-27].

Literature Review

The details of search strategy to collect the required
evidence of neurodevelopmental outcomes in preterm
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survivors with mild grades of IVH are illustrated in Ta-
ble 3. The inclusion criteria included: 1) Studies which
explored the relationship between PVH-IVH, and neu-
rodevelopmental outcome reported at 18 months of
corrected gestational age or later; 2) Studies in preterm
infants less than 37 weeks of gestational age; 3) Articles
in English language and human based studies; 4) And
publication date after January 2000 reflecting relatively
recent NICU practices.

Data Collection and Analysis

Based on the predetermined criteria of article se-
lection, the electronic searches of the manuscript of
the selected studies were investigated and reviewed
for suitability of inclusion. The following data were ex-
tracted from each study: The authors, publication year,
study design, methods, study population, risk of bias,
follow up timing, the developmental outcome defini-
tions, completeness of data at follow up, and applica-
bility. For this review, we designed a modified Cochrane
data collection form (Appendix 1) that was used for data
extraction and management.

Study quality assessment

The selected articles were examined for the rele-
vance to the posted purpose and were evaluated by
means of a quality assessment tool, The Modified New-
castle-Ottawa Scale for cohort studies (NOS) [28]. NOS

was developed by the University of Newcastle (Austra-
lia) and the University of Ottawa (Canada) for the as-
sessment of the non-randomised trials included in sys-
tematic reviews. The scale consists of eight questions
about the cohort selection, the comparability, and the
assessment of the outcome. The initial database search
identified 1650 articles using the mentioned keywords.
After removal of duplicates and analysis of the title and
abstracts, 29 potentially relevant citations were found
to match the inclusion criteria. Twenty articles were ex-
cluded after revision of the full-text articles, and 9 arti-
cles were selected for inclusion (Figure 4). Variables of
the selected studies including authors, population char-
acteristics, control characteristics, age of assessment
and follow up rates, primary objectives, and neurode-
velopmental outcomes are illustrated in Table 4.

Impact of Lower Grades IVH on Neurodevel-
opmental Outcome

The impact of mild PVH-IVH on the neurodevelop-
mental outcomes remains elusive. As illustrated in Ta-
ble 4, Some studies showed significant neurodevelop-
mental disabilities, CP and cognitive/language impair-
ments in preterm infants with mild PVH-IVH compared
to infants without IVH [29-33]. Other studies refuted
any significant long-term neurodevelopmental disabili-
ties with mild grades PVH-IVH particularly those utilised
MRI as an adjuvant neuroimaging modality [34-37]. The

Web of
Science

PubMed
2000-2018

402 2000-2018
Citation(s) 447

Citation(s)

TRIP
2000-2018
124
Citation(s)

1650 Citations Screened

29 Potentially relevant citations
identified for further review

9 Articles included in the
analysis

Figure 4: Flow diagram of study selection process.

Cochrane Ovid Medline

2000-2018 2000-2018
362 315

Citation(s) Citation(s)

1621 articles excluded
After Title/Abstracts screening

20 articles excluded
- Data about infants born before 1990
- Articles involved other neuro-morbidities
like PVL PHVD
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Table 4: Summary of the selected trials on neurodevelopmental outcome following IVH grades I-11.

Authors Study Controls with Age of Primary Neurodevelopmental
population Normal cUS assessment objective outcomes
and follow up
rate
Sherlock, et al. PT <28 w. PT <28 w. -8y. -CP -CP in controls: 6.7% Vs.
2005 [34] and or ELBW. ' and or ELBW. . s 6.4% in Gl and 24% in GlI.
n=72 n =180 -Follow up: -Neurosensory disability N .
90.6% _Cognitive and educational -Cognitive functions of
outcome infants with grade |, Il were
like those with no IVH.
Patra, et al. 2006 ELBW. ELBW. -20 m. -CP, -CP in GI-Il IVH: 8%. No
. 0,
[31] n =104 n =258 -Follow up: neurodevelopmental IVH: 3%.
91% impairment, -MDl in GI-Il IVH: 45%. No
. . IVH: 25%
-unilateral or bilateral
blindness and deafness at -Major neurogenic
20months. abnormality: 13% vs. 5% in
no IVH.
Futagi, et al. 2006 Mean GA No control -1.5, 3, and -Mortality -CPin GI: 7.2%, Gill:
[33] 28.1w 6y. 17.3%
Neurodevelopmental
n =381 -Follow-up: outcome (Normal, CP, MR)  -Epilepsy in Gl: 4.8% and
58.2% . . in GlI: 5.3%.
-Neurosensory impairment
and epilepsy. -No significant difference
in subtypes and severity
of CP among different IVH
grades.
Klebermass- PT < 32w. PT <32 w. -1,2,3, and 5y. Neurodevelopmental -CP in controls 14.3% Vs.
Schrehof, et al. n=121 n =287 -Follow up: outcome at 1,2, 3, and 5 38.4% in GI, and 55% in
2012 [29] 61% ’ years. Gll.
-CP, visual and acoustic -Significant NDI in PT < 28
impairment. w with all grades of IVH
compared to PT > 28 W.
Payne et, al. 2013 PT <27 w. PT <27 w. -18-22-m. -CP -No significant differences
[36] n=270 n=1021 -Foollow up: -.Gr_os§ motor functional :uttzgnqzu;;%i\;eg'?n?;:?ls
87% limitation. with GI-1I IVH and those
-Composite NDI (moderate | without IVH at 18-22
to severe CP, severe visual | months CA. (CP in GI-lI:
impairment, deafness, or 9% Vs. 8% in no IVH).
cognitive score < 70.)
Bolisetty, et al. PT < 28w. PT < 28w. -2-3y. -moderate to severe -G I-II IVH had increased
2014 [30] _ _ . neurosensory impairment at | rates of neurosensory
n= 336 n=1043 ;IZOEISI;W up- 2 to 3 years’ corrected age | impairment (22% vs
e (NDI, CP, Deafness 12.1%), developmental
Blind’ness’) ’ delay (7.8% vs 3.4%),
CP (10.4% vs 6.5%), and
deafness (6.0% vs 2.3%)
compared with the no IVH
group.
Vohr, et al. 2014 | PT with BW: | PT with BW: | -16 years -CPin GI: 13.7%, Gll:
[32] 600-1250 600-1250 g. n  Adults -Neurocognitive,languageand | 15.1%. Vs. 6.7% in no IVH
9 =251 . intellectual abilities PT controls and none in
n=75 -Follow up: term controls
77% -CP and neurosensory ’

impairment.

-Preterm adolescents
with isolated GII IVH have
greater impairments of
cognitive and executive
functions compared to
preterm adolescents with
G lorno IVH.
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Ann Wy, et al. LBW.n=99. LBW.n=291 -3-18 -Cognitive functioning at -No significant adverse
2015 [35] y. -Follow 3,8,18 years. neurobehavioral sequalae
up:71.3% ) . were observed at 3, 8, and
-Behaviour and academic
achievements at 8,18 years 18 years of age among
’ survivors with G1-1l IVH.
Reubsaet, etal. |PT:24-32w. |PT:24-32w. | -18-30-m. -CP -Similar early
2017 [37] n = 136 n = 255 “Follow up: “Epilepsy, neurodevelopmental
87% _ . _outcome; between preterm
Neurosensory impairment infants with low grade IVH
and matched controls with
no IVH. (CP in GI-II: 9%
Vs. 9% in no IVH)

MDI: Mental Developmental Index; ELBW: Extreme Low Birth Weight; CP: Cerebral Palsy; PT: Preterm; CA: Corrected Age; NDI:

neurodevelopmental Impairment.

conflicting results of these studies should be interpret-
ed cautiously in view of different methodological lim-
itations, cohort definition, evaluation methods, and
the understanding of the developmental outcomes in
each study. Furthermore, This may be explained by the
bias in recruitment of preterm infants with low grade
IVH who were evaluated solely with cranial ultrasound
(cUS). Diffuse white matter injury (WMI) is commonly
associated with PVH-IVH, even with the milder grades,
hence, it potentially impairs cognitive, sensory and mo-
tor function development in premature infants [38,39].
Behaviour and cognitive deficits may only manifest late
and present beyond school age [40]. In ELBW infants,
Grade I-ll PVH-IVH with no documented white matter
injury is not innocent and is associated with moderate
to severe neurosensory impairments, cerebral palsy,
and deafness at 2-3 years corrected age [20,30,41]. A
meta-analysis by Mukeriji A, et al. [42] concluded that
mild PVH-IVH was associated with higher odds of long-
term moderate to severe neurodevelopmental impair-
ment (NDI) but not cerebral palsy or cognitive delay at
18-24 months corrected age. It is obvious that studies
assessed the neurodevelopmental outcomes at the age
of 2-3 years by Klebermass, et al. [29], Bolisetty, et al.
[30], and Patra, et al. [31] showed adverse neurodevel-
opmental outcomes compared to studies assessing the
developmental outcomes at later age groups of 8, and
18 years by Sherlock, et al. [34] and Ann Wye, et al. [35]
respectively that denied measurable effects of mild IVH
on neurocognitive outcomes. This can be explained by
the fact that postnatal period from 16 months to 2.5
years is associated with characteristic differentiation
and maturation of CNS. A rapid synaptogenesis, myelin-
ation, and dendritic growth spurts occur in a high rate
followed by a process of selective refinement giving a
chance to the environmental factors to influence CNS
structures [43]. The initial overproduction of synapses
in this period provides a room for potential neuronal
recovery after initial early brain insult [44]. The neuro-
developmental milestones acquisition is a dynamic pro-
cess and not merely dependent on the perinatal period,
despite its major impact, but represents complicated
multifactorial processes. Other interacting factors such
as environmental, social, and demographic characteris-
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tics of the families would greatly influence the eventual
developmental outcome of preterm infants [45]. Mater-
nal parity, education, age, Ethnity, medical insurance,
and marital status are among the sociodemographic
variables that correlate with cognitive outcomes of
preterm infants. It seems that parental sociodemo-
graphic factors are not only important determinants of
the occurrence of PVH-IVH, but also play a significant
role in the long-term neurodevelopmental outcome
among IVH survivors. Sociodemographic factors should
be considered as a ‘continuum’ with an extended influ-
ence starting at the prenatal period of critical neuronal
proliferation, migration and synaptogenesis, and then
progressing into the postnatal period, adolescence, and
early adulthood.

Neuroplasticity and Age of Neurodevelopmen-
tal Assessment

The issue of neurologic plasticity versus vulnerabili-
ty and the possible recovery of neurologic insults even
in later age should be considered when it comes to the
long-term neurodevelopmental dynamic outcomes.
Plasticity is the flexible and dynamic capacity of the cen-
tral nervous system in early life to adapt in response to
environmental stimuli through establishment of new
neural connections [46,47]. This maybe a useful proper-
ty in view of minimal functional specificity of the imma-
ture brain and the possible transfer of a function form
a damaged area to another unaffected area [48]. This
school is opposed by the immature brain vulnerability
in face of different environmental, constitutional, and
brain injury related factors. Hence, assessing the devel-
opmental outcome at a specific age and then generalis-
ing the outcome of certain grade of IVH is not fair. This
observation is obvious in this review and may explain
the conflicting developmental outcomes among survi-
vors of mild PVH-IVH. Furthermore, the general intelli-
gence notion is disputed by the theory of fluid and crys-
tallised intelligence (Gf-Gc theory), where the fluid part
Gf represents the influence of biological factors such as
IVH on intellectual outcomes where the crystallised part
Gc represents the influence of education and other de-
mographic factors [49]. The peak capacity of fluid and
crystallised knowledge is reached by early adulthood,
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hence highlighting the importance of extended follow up
of cognitive developmental assessment beyond the pre-
viously thought the critical ages of development [50].

Role of Neuroimaging and Prognostication Di-
lemma

No doubt that even mild PVH-IVH can potentially in-
terfere with the immature delicate physiological archi-
tecture of the germinal matrix and cerebral white mat-
ter. White matter injury (WMI) may result from hypoxic
events that precede or concur with IVH or from the re-
lease of iron, a significant free radical, that impair the
normal proliferation and migration of oligodendrocyte
precursors. Uncomplicated cases of mild PVH-IVH are
associated with significant impairment of cortical grey
matter development when examined by brain MRI at
term equivalent age (TEA) [51]. WMI maybe more im-
portant than IVH regarding the later neurodevelopmen-
tal outcome and maybe easily overlooked if only cUS is
used without additional brain MRI for the evaluation of
preterm infants with IVH. Tortora, et al. [19] used Ad-
vanced computational methods; the diffusion tensor
imaging (DTI) modality to assess the early WM micro-
structures changes occurring in isolated mild PVH-IVH.
They found distinct patterns of WMI that can be missed
on conventional brain MRI and correlates with poor
neurocognitive outcomes at 2-3 years corrected age.
Accordingly, it is feasible from the pathological point of
view- at least- to presume a spectrum of negative neu-
rodevelopmental outcomes secondary to even subtle
degrees of PVH-IVH.

Conclusion

Infants with moderate to severe IVH have a higher
prevalence of neurodevelopmental handicaps than in-
fants with low grade or no IVH. However, the neuro-
developmental outcomes among infants with lower
grade PVH-IVH remain uncertain. The inconsistencies in
neurodevelopmental outcomes among preterm infants
with low grade IVH gives a clue to a wider spectrum of
microstructural cerebral injuries that may be overlooked
by cUS. Concomitant diffuse white matter injury of the
brain is a major determinant of the neurodevelopmen-
tal outcome and can be detected by the newer brain
MRI technology which is highly predictive for future
neurocognitive disabilities. PVH-IVH may represent just
the tip of iceberg of underlying cortical and subcortical
microstructural pathologies that delineate the future
neurocognitive outcomes. Further efforts to adopt ad-
vanced neuroimaging techniques and new classification
system of brain injuries accompanying PVH-IVH based
on the actual neuronal damage and not merely on the
size or extent of the bleed are paramount, thus enhanc-
ing the prognostication process and family counselling.
It is crucial to establish robust databases relating the
new neuroimaging classification and the unified neu-
rodevelopmental assessment scores to the long-term
functional outcomes as well as mortality prediction.
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Appendix 1:

Data extraction Tool

1. General Information

Review title or ID

Study ID

Reference details

Report author contact details

Study funding source

Possible conflicts of interest

2. EligibilityEligibility criteria met?

Study Characteristics

Review Inclusion Criteria

(Insert inclusion criteria for each
characteristic as defined in the Protocol)

yes

no

unclear

Participants

Types of outcome measures

Primary outcome:

Secondary outcomes:

Reason for exclusion

3. Population

DO NOT PROCEED IF STUDY EXCLUDED FROM REVIEW

Population description

(from which study participants are drawn)

Setting

(including location and social context)

Inclusion criteria

Exclusion criteria

Method/s of recruitment of participants

4. Methods

Aim of study

Start date

End date

Duration of follow up

5. Risk of Bias assessment

Blinding of participants and personnel

Blinding of outcome assessment

Incomplete outcome data

6. Participants

Total no. infants enrolled

Age

Sex

Race/Ethnity

Co-morbidities

7. Outcomes/Results

Outcome name/definition

Scales: upper and lower limits

Statistical methods used and
appropriateness of these methods

notes

8. Applicability

Does the study directly address the
review question?

yes no

unclear

9. Other information

Key conclusions of study authors

References to other relevant studies
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