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to Predict Neurodevelopmental Impairment in Extreme
Preterm Infants after Severe Germinal Matrix Hemorrhage—
Intraventricular Hemorrhage: A Retrospective Comparative
Observational Study
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ABSTRACT

BACKGROUND AND PURPOSE: The traditional Papile classification system for severe germinal matrix hemorrhage—intraventricular
hemorrhage is limited in objectivity and interrater variability for accurate prediction of neurodevelopmental impairment in
extremely preterm infants. Many extremely preterm infants with severe germinal matrix hemorrhage—intraventricular hemorrhage
are still offered “redirection of care” in spite of the recent evidence suggesting that many of these infants can have normal out-
comes. Therefore, it is important to consider the laterality and extent of brain hemisphere involvement while classifying severe
germinal matrix hemorrhage—intraventricular hemorrhage to predict neurodevelopmental impairment. The aim of the present study
was to compare the Al-Abdi system with the Papile system for their accuracy in predicting neurodevelopmental impairment in
extremely preterm infants with severe germinal matrix hemorrhage—intraventricular hemorrhage.

MATERIALS AND METHODS: This is a retrospective study of extremely preterm infants with severe germinal matrix hemorrhage-intraventricu-
lar hemorrhage admitted to a tertiary neonatal intensive care unit (2006-2016). Cranial sonograms were independently re-reviewed by 2 radiolog-
ists as per the Al-Abdi system. The prognostic statistical indices for both systems to predict neurodevelopmental impairment were calculated.

RESULTS: A total of 91 infants with severe germinal matrix hemorrhage—intraventricular hemorrhage survived, and 83 (median gesta-
tional age, 26.3 weeks; and median birth weight, 890 g) completed developmental assessment. The receiver operating characteristic
areas under the curve to predict neurodevelopmental impairment by the Papile versus Al-Abdi systems were 0.702 versus 0.723,
respectively (P = .474). Corresponding Al-Abdi cutoff scores of 19, 20, 21, and 22 demonstrated increased specificity (76.36%—
85.45%) and correct classification (69.88%—72.29%) to predict moderate-to-severe neurodevelopmental impairment.

CONCLUSIONS: The Al-Abdi system is comparable with the Papile system for predicting neurodevelopmental impairment for
extremely preterm infants with severe germinal matrix hemorrhage—-intraventricular hemorrhage, with higher Al-Abdi scores being
more specific. This finding may prove useful for neonatal health care providers and parents in their decision regarding “continuation
of care.” Future multicentric studies are warranted to ascertain the validity of individual Al-Abdi scores.

ABBREVIATIONS: AUC = area under the curve; BSID = Bayley Scales of Infant and Toddler Development; BW = birth weight; CP = cerebral palsy; EP =
extremely preterm; GA = gestational age; GMDS = Griffiths Mental Developmental Scale; GMFCS = Gross Motor Functional Classification System;
GMH-IVH = germinal matrix hemorrhage—intraventricular hemorrhage; NDI = neurodevelopmental impairment; NICU = neonatal intensive care unit; PVHI =
periventricular hemorrhagic infarction; ROC = receiver operating characteristic

mproved survival of extremely preterm (EP) infants, conse-

quent to recent advances in obstetric and neonatal care, has
shifted the focus on morbidities associated with neurodevelop-
mental impairment (NDI).'®
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Germinal matrix hemorrhage-intraventricular hemorrhage
(GMH-IVH) is one such morbidity, which has largely remained
unchanged across time, with an estimated prevalence rate of
20%-30% in this high-risk group.*” Papile et al® had classified
grades of GMH-IVH from 1 to 4. Grade 1 includes hemorrhage
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confined to the subependymal germinal matrix; grade 2 includes
hemorrhage into the lateral ventricles without ventricular dila-
tion; grade 3 involves GMH-IVH with ventricular dilation; and
grade 4 includes GMH-IVH with parenchymal involvement.®
Traditionally, severe (grades 3 and 4) GMH-IVH is considered a
major determinant of poor neurodevelopmental outcome.
Currently, the Papile system remains the most commonly used
method for classification of GMH-IVH and prognostication
based on the grade. However, there are a few concerns about
using this traditional method of classifying GMH-IVH because of
a lack of objectivity in reporting higher grades of GMH-IVH and
a high interrater variability. Furthermore, recent literature indi-
cates that preterm infants with grade 4 GMH-IVH or parenchy-
mal bleed have a relatively better long-term prognosis than
previously thought.” Hence it becomes important to take into
consideration the laterality and extent of brain hemisphere
involvement with GMH-IVH to predict long-term neurodevelop-
ment and to support any clinical decision regarding redirection
or escalation of care of these EP infants.'*""?

The novel reporting system of GMH-IVH based on laterality
(unilateral versus bilateral) was developed by Al-Abdi'® to try to
overcome the shortcomings of the older Papile classification sys-
tem. This objective system can reclassify the broader grades 3 and
4 GMH-IVH of the existing Papile system into different scores.
The neurodevelopmental outcomes can then be predicted for
each individual score, helping in better outcome-prediction mod-
els and possibly proving immensely helpful in the decision
regarding the “redirection” or “continuation of care” for these EP
infants with severe GMH-IVH. However, there is a dearth of data
to establish the usefulness of this new classification system. A
recent study of 183 preterm infants by Al-Mouqdad et al'* found
that the newer classification system by Al-Abdi had more
enhanced specificity to predict NDI than the traditional Papile
classification system.

The objective of our study was to compare the ability of the
newer GMH-IVH Al-Abdi classification system to predict the NDI
compared with the older classification system by Papile et al.*

MATERIALS AND METHODS

Design and Setting

This was a retrospective study in the sole tertiary referral neonatal
intensive care unit (NICU) in Western Australia.

Ethics Approval

Approval from the institutional Governance Evidence Knowledge
Outcomes committee (project approval number: 33531) was
obtained before commencing the study.

Eligibility

All preterm infants born before 28 weeks’ gestation (EP infants)
and admitted to the NICU between January 2006 and December
2016 were eligible. Serial screening cranial ultrasounds are per-
formed on days 1, 7, and 28 for all preterm infants of <33 weeks’
gestational age (GA) as routine practice in our NICU. For the
purpose of our study, we included only those infants with GMH-
IVH classified as severe (grade 3 or 4) as per the classification sys-
tem of Papile et al.®

Exclusion

EP infants with congenital or chromosomal anomalies and out-
born infants were excluded from the study. We also excluded EP
infants who died during the hospital stay or were lost to follow-up
because their neurodevelopmental outcomes were not available.

Data Collection

Neonatal demographic and clinical data until the time of death or
discharge from NICU were extracted from the neonatal electronic
data base. Maternal demographic and risk factors (eg, pre-eclamp-
sia, prolonged rupture of membranes, chorioamnionitis, and ante-
natal glucocorticoids) were recorded. Neurodevelopmental scores
up to 36 months’ corrected age were collected from our institutional
Neonatal Follow-Up Program data base. The final outcome of NDI
was considered the criterion standard in assessing the performance
of the Al-Abdi versus Papile systems for their diagnostic utility.

Cranial Sonography Details

Cranial sonography was performed by an experienced sonographer
using an Acuson S2000 sonography system (Siemens) equipped
with a multifrequency sector transducer (4-10 MHz). Sonography
was performed in the coronal and sagittal/parasagittal planes
through an anterior fontanelle, obtaining sequential images. The
images were stored digitally on the IMPAX electronic data base
(https://www.impaxcorp.com/) and subsequently reported by
experienced senior radiologists. A repeat assessment of the cranial
sonography images was independently performed by 2 expert radi-
ologists (S.M. and W.T.) for scoring per the Al-Abdi system.

Al-Abdi Scoring System

The Al-Abdi system involves squaring of the highest traditional
GMH-IVH grade (GMH-IVH grades 1, 2, 3, 4 as per the Papile
classification with corresponding Al-Abdi scores of 1, 4, 9, or 16,
respectively), plus the GMH-IVH grade on the contralateral side,
plus 5 for each hemisphere when >2 of its territories are involved,
and plus 5 when there is a midline shift of the brain. “Territories”
refer to the brain regions from the system of Bassan et al.'’ The
scores can have a maximum value of 35 (4> plus 4 plus 5 plus 5 plus
5) for a bilateral grade 4 GMH-IVH with a midline shift and involv-
ing >2 territories in either of the hemispheres (Fig 1)." The 2 radi-
ologists involved in the study were completely blinded to the final
neurodevelopmental outcomes of the included preterm infants.

Neurodevelopmental Assessments

The neonatal follow-up program at King Edward Memorial
Hospital for Women and Newborn (Subiaco, Western Australia)
institution is offered to all infants born at <28 weeks’ GA or
<1000-g birth weight (BW) for standardized developmental,
growth, and medical assessment at 12, 24, and 36 months and 5
years of age.

Measures

The Griffiths Mental Developmental Scale (GMDS 0-2 years and
the GMDS-Extended Revised/ER 2-8 yealrs)15 were offered at 12
and 36 months’ corrected age, and the Bayley Scales of Infant and
Toddler Development (BSID, 2nd and 3rd editions),w’17 at
24 months’ corrected age. Each measure comprises standard psy-
chometric properties based on published norms, with a mean of
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100 and an SD of 15, with the exception of the GMDS, which has a
mean of 100 and an SD of 12. Cognitive scores from the BSID and
the developmental quotient from the Griffiths assessments were
used in this analysis. The GMDS and GMDS-Extended Revised
were administered by accredited neonatal pediatricians, and the
BSID was administered by registered psychologists. The most
recent quotient score was analyzed for each child because this has
been shown to correlate well with long-term outcomes.'®

Definitions

Cerebral palsy (CP) was defined clinically as a nonprogressive
disorder of movement and posture in the presence of tone abnor-
malities, and when possible, it was classified under the Gross
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FIG 1. Al-Abdi score image. LOGIQ E9 indicates ultrasound machine
that was used to capture the image.

151 extremely preterm infants with severe IVH (grade 3 and 4)

Motor Functional Classification System (GMFCS). CP status was
verified against the West Australian Register of Developmental
Anomalies—Cerebral Palsy register.

Mild impairment was defined as a cognitive score >1-2 SDs
below the test mean, ambulant CP (GMFCS level I/II), and uni-
lateral deafness. Moderate impairment was defined as cognitive
scores >2-3 SDs below the mean, GMFCS level III CP (ambulant
with aids), and bilateral deafness needing amplification. Severe
impairment was defined as cognitive scores of >3 SDs below the
mean, GMFCS level IV/V CP, and blindness (vision, <6/60).
Autism was not specifically assessed but was classified as a severe
outcome if known to be present and diagnosed by standard mul-
tidisciplinary team assessment.'” The maternal socioeconomic
status was measured using the Socio-Economic Indexes for Areas
of relative advantage-disadvantage statewide decile data based on
postcodes at birth (Australian Bureau of Statistics).

Data Analysis

Continuous data were summarized using median, interquartile
range, and range and categoric data, using frequency distributions.
The statistical indices, sensitivity, specificity, receiver operating char-
acteristic curve (ROC), and area under the curve (AUC) for the
Papile and the Al-Abdi scores to predict NDI were calculated using
STATA, Version 16 statistical software (StataCorp). Furthermore,
the diagnostic utility of the Papile grading and Al-Abdi scores for
the prediction of moderate-to-severe NDI was assessed using pre-
dicted probabilities from separate logistic regression models, includ-
ing GA, BW z score, oxygen at 36 weeks, and socioeconomic status
(lowest 2 quintiles) in the ROC analysis; and the AUC was com-
pared between systems. P values < .05 were considered statistically
significant.

RESULTS

A total of 151 EP infants admitted from January 2006 to December
2016 with a severe (grades 3 and 4)
GMH-IVH on the Papile system were
included in the study. Of these, 60
infants were excluded from analysis
because they died during their NICU

60 infants excluded as died during the
neonatal period

admission. Of the 91 surviving infants,

83 underwent their 24-month and/or

91 extreme preterm infants survived and eligible for
study

36-month developmental assessment
using standardized tests (BSID-II or
Griffiths). The remaining were lost to

8 infants excluded as lost to follow up for
the developmental assessment

follow-up despite adequate attempts to

contact and engage the families. The

83 extreme preterm infants with severe IVH who completed
neurodevelopmental assessment included for final analysis

flow diagram of the study population is
depicted in Fig 2. The demographic
characteristics of the study population
are depicted in Table 1.

Developmental assessments showed
that 36 (43.37%) children had scores

40 infants with grade 3 IVH who had
completed developmental assessment
included for final analysis

included for final analysis

43 infants with grade 4 IVH who had
completed developmental assessment

within 1 SD from the test mean, 19
(22.89%) had scores 1-2 SDs below
mean, 13 (15.66%) scored 2-3 SDs

FIG 2. Study flow diagram.
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below mean, and 15 (18.07%) child-
ren scored >3 SD below mean. Thirty-



Table 1: Demographic characteristics of the study population (n=83) followed up for neurodevelopmental assessments compared

with those who died (n=60) or were lost to follow-up (n=8)

Characteristic Followed Up (n = 83) Not Followed Up (n = 68) P Value

GA (median) (IQR) (wk) 26.3 (24.5-28.4; 231-31.5) 243 (233-26.6; 22.3-315) <001
BW (median) (IQR) (g) 890 (680-1200; 481-1985) 730 (606-1016; 420-2020) 015
Male sex 46 (55.4%) 37 (54.4%) 901
IUGR 4 (4.8%) 7 (10.3%) 223
Multiple birth 16 (19.5%) 11 (16.4%) 626
Inborn 72 (86.7%) 63 (92.6%) 241
Maternal antenatal steroids

None 1 (13.3%) 12 (17.6%) 720

Incomplete 34 (41.0%) 28 (41.2%)

Complete 38 (45.8%) 28 (41.2%)
MgSO, 22 (26.5%) 15 (22.1%) 527
Maternal chorioamnionitis 22 (26.5%) 10 (14.7%) .078
Pneumothorax 13 (15.7%) 16 (23.5%) 222
Inotropic agent 13 (15.7%) 15 (22.1%) 314
EOS 11 (13.3%) 7 (10.3%) 577
PDA treated 49 (59.0%) 28 (412%) 029
NEC 3 (3.6%) 1(15%) 414
Postnatal steroids 41(49.4%) 27 (39.7%) 234
ROP treated 4 (4.8%) 1(1.5%) 379

Note:—IQR indicates interquartile range; IUGR, intrauterine growth restriction; MgSO,, magnesium sulfate; PDA, patent ductus arteriosus; NEC, necrotising enterocollitis;

EOS, early onset sepsis; ROP, retinopathy of prematurity.

Table 2: Distribution of infants with IVH 3 or 4 Papile grading, with their corresponding Al-Abdi score and impairment showing sub-

totals and percentages for each Papile grade

Scoring System (No.)

Impairment

Papile Abdi None

Mild Moderate Severe

Grade 3: 40 9:2 1
10: 2 1
n:5 4
12: 31 16

22 (611%)
16:3 2
17: 4
18:7
19: 4
20: 5
21:1
22:1
24: 4
25:2
26:3
28:1
29: 4
30:3
35:1

Grade 4: 43

OO OONO OO0 o wh

14 (38.9%)
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4
4 (26.7%)
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(63.2%) (15.4%)
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1
1
2
0
1
1
0
2
1
0
0
1
1
0
1

7 (36.8%) 11 (84.6%) 1 (733%)

four (40.96%) infants were diagnosed with CP, of whom 8 had
moderate-to-severe CP (GMFCS > 1II). The distribution of infants
with Papile grade 3 or 4 GMH-IVH, with their corresponding Al-
Abdi score and disability-related outcomes are depicted in Table 2.
A total of 22 infants (55%) of 40 with grade 3 GMH-IVH had the
outcome of “no impairment.” Of the remaining 18 infants with
grade 3 GMH-IVH, a majority of 12 infants (66.67%) had mild
impairment. Furthermore, there were 43 infants with grade 4
GMH-IVH. Of these infants with grade 4 GMH-IVH, 14 infants
(32.5%) had the outcome of no impairment on long-term neurode-
velopmental assessment. Among the remaining 29 infants with
grade 4 GMH-IVH, 7 infants (24.13%) had “mild impairment.”

The ROC AUC for the Papile system was 0.702 (95% CI,
0.601-0.802) and 0.723 (95% CI, 0.609-0.835) for the Al-Abdi
system (Fig 3). The AUC values between systems were not statis-
tically different in their predictive ability for moderate-to-severe
NDI (P =.474). A subsequent comparison of Papile and Al-Abdi
models including GA, BW z score, oxygen requirement at
36 weeks, and socioeconomic status (lowest 2 quintiles) also indi-
cated that the 2 systems were comparable in predicting NDI
(AUC = 0.749 and 0.751, respectively; P = .943) (Fig 4).

Furthermore, the sensitivity, specificity, and correct classification
in the prediction of moderate-to-severe NDI of Papile grade 4 were
78.57%, 61.82%, and 67.47%, respectively (Table 3). Corresponding
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Al-Abdi cutoff scores of 19, 20, 21, and 22 demonstrated increased
specificity (range, 76.36%-85.45%) and accurate classification
(range, 69.88%-72.29%) to predict moderate-to-severe NDI, albeit
with lower sensitivity.

The Al-Abdi scores and Papile grades were significantly lower
in the infants that were followed up versus those who were lost to
follow-up or died (Al-Abdi: 16 [12-20, 9-35] versus 28 [20-29,
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FIG 3. ROC AUC for the Al-Abdi versus the Papile systems.
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FIG 4. ROC AUC comparing Papile and Al-Abdi models including GA,
BW z score, oxygen at 36 weeks, and socioeconomic status.

Table 3: AUC, sensitivity, specificity, and correct classification comparisons of Papile
grade 4 and corresponding Al-Abdi scores in the prediction of moderate-to-severe

9-35], P <.001; Papile: 43/83 [51.8%)] versus 55/68 [80.9%], P
< .001).

DISCUSSION

Serial screening cranial ultrasound remains the criterion standard
for diagnosing GMH-IVH in preterm infants.***' Papile et al®
introduced the very first classification of GMH-IVH in 1978. The
older Papile classification system is a descriptive scale involving
subjective variation in reporting. It is well-known that all grade 3
and 4 GMH-IVHs are not of the same size, and certainly those
resulting in posthemorrhagic ventricular dilation and impact on
surrounding brain parenchyma are an important predictor of
long-term neurodevelopmental outcomes. Especially, grade 4
GMH-IVH as per the Papile system includes parenchymal exten-
sion of the hemorrhage, which is associated with a higher degree of
interrater variability in its diagnosis and a higher risk of developing
posthemorrhagic ventricular dilation.* These GMH-IVHs could
be small or large, unilateral or bilateral, and can have variable out-
comes. This feature reiterates the inaccuracy of labeling them
under the same grade as per Papile et al. Recent studies do suggest
that the infants with higher grades of GMH-IVH have relatively
better long-term prognosis than previously thought.”**"**

Almost 86% of infants with grade 3 GMH-IVH and 55% with
grade 4 GMH-IVH in the present study also had either no or
mild impairment. However, the overall attitude of clinicians to-
ward these severe grades of GMH-IVH continues to be pessimis-
tic with “redirection of care” being frequently offered to parents
with unsure long-term outcomes.” This status quo highlights the
need for an objective assessment-based classification system to
overcome the limitations of the Papile system. There is an urgent
need to reclassify the “umbrella” terminologies of grades 3 and 4
GMH-IVH with subtypes among them. An objective scoring sys-
tem with associated prognostic outcomes for each score under
each grade would be very useful while counseling parents about
their decision regarding redirection or continuation of care of
these EP infants. The Al-Abdi scoring system based on the previ-
ously validated Bassan zones for periventricular hemorrhagic in-
farction provides a feasible alternative. Our results showed that
the Al-Abdi and Papile scoring systems were comparable for pre-
dicting NDI in EP infants with severe grades of GMH-IVH (Figs
3 and 4 and Table 3).

In a previous study published by Al-Mouqdad et al,"* it was
concluded that the newer Al-Abdi
classification system was superior to
the Papile grading system in predict-
ing NDI at 3 years’ corrected age.

disability . .
AUC 95% CI Grade/Score Cutoff Sensitivity Specificity Correctly Classified Thelr stL‘1dy included 183 preterm
EERE infants with any grade of GMH-IVH.
0702 0.601-0.802 4 7857%  6182% 67.47% Of these, 79 infants had grade 3 or 4
Abdi GMH-IVH. The authors also con-
0.723 0.609-0.835 16 78.57% 61.82% 67.47% cluded that an Al-Abdi score of 11
17 75.0% 65.45% 68.67% had the best balance between sensitiv-
18 64.29% 67.27% 66.27% (OO e 000
19 57.14% 76.36% 69.88% ity (~90%) and specificity (~90%) to
20 53.57% 81.82% 72.29% predict NDIL'® The present study
21 42.86% 85.45% 71.08% found that an Al-Abdi score of 16 had
22 39.29% 85.45% 69.88% the best balance between sensitivity
24 35.71% 85.45% 68.67% (~80%) and specificity (~60%). This
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could probably be explained by the inclusion of lower grades of
GMH-IVH in the study by Al-Mouqdad. Additionally, the Al-
Abdi system had higher specificity for scores above 20, with an
increased accuracy of classification to predict moderate-to-severe
NDI in the present study. Thus, it may be useful in prognosticat-
ing these infants with objective assessment criteria. It can also aid
the health care providers and parents alike with their decisions
regarding redirection of care for these infants.

Merhar et al'? assessed the laterality of GMH-IVH in deter-
mining neurodevelopmental outcomes at 18-22months’ cor-
rected age in 166 infants with extremely low birth weights. They
used multivariable linear and logistic regression models to deter-
mine the impact of laterality and grade of GMH-IVH and other
clinical variables to predict scores on standardized developmental
assessments. They concluded that bilateral (compared with uni-
lateral) GMH-IVH significantly impacted neurodevelopmental
outcome only in infants with grade 4 hemorrhage. Infants with
bilateral grades 1-3 GMH-IVH have similar rates of NDI and
similar mean Bayley mental and physical development index
scores as infants with unilateral grades 1-3 GMH-IVH."?

Similarly, an attempt was made to provide an objective grad-
ing system for periventricular hemorrhagic infarction (PVHI) by
Bassan et al.'"’ They classified PVHI into 4 grades (0-3), depend-
ing on whether it was bilateral or unilateral, its extent on the
worst side, and whether there was a midline shift involved. This
retrospective study included 30 preterm infants with median GAs
and BWs of 27 weeks (range, 24.9-30.9 weeks) and 937.5 g (range,
653-1335 g), respectively; neurodevelopmental outcomes at a
median age of 30 months’ corrected GA were assessed to validate
the scoring system. The authors concluded that their PVHI sever-
ity scoring system using cranial sonography “could improve the
clinician’s ability to counsel parents regarding life support deci-
sions and target early intervention strategies.”m

The strengths and limitations of our study need to be dis-
cussed. Complete blinding of the radiologists to clinical and neu-
rodevelopmental data for the included EP infants, comprehensive
neurodevelopmental data across a decade with minimal loss to
follow-up (5.29%) for infants with severe GMH-IVH, and the use
of robust statistical methods to control for confounders with an
impact on NDI such as GA, BW z score, oxygen at 36 weeks, and
socioeconomic status were strengths of our study. The retrospec-
tive design, data from a single tertiary level neonatal unit, and
small sample size with inclusion of only EP infants with severe
grades (3 and 4) of GMH-IVH are few of the limitations of the
present study. The small sample may have limited the ability of
our study to contribute to more meaningful interpretation of
individual Al-Abdi scores in terms of specificity and sensitivity
for the higher grades of GMH-IVH. However, this is a very com-
prehensive data collection of the long-term outcomes of
extremely preterm infants with severe GMH-IVH.

Another limitation was that infants assessed at different ages
(24 and 36 months) and with different methods (BSID-II and
Griffiths) were analyzed together. The exclusion of those infants
who died during the neonatal period could be an additional limi-
tation. This was deemed appropriate because many of these
infants were offered redirection of care toward a palliative
approach, especially those with bilateral, higher grades of GMH-

IVH (grades 3 and 4). Hence, they could not be assessed for their
long-term developmental assessments with different combina-
tions of higher grades of GMH-IVH. This issue would not have
allowed an appropriate comparison of the 2 grading systems in
predicting neurodevelopmental impairment. Finally, the possibil-
ity of interreporter variability between the radiologists, specifi-
cally when differentiating between grades 2 and 3, cannot be
excluded.

CONCLUSIONS

The Al-Abdi classification system is comparable with the existing
Papile classification system to predict the neurodevelopmental
impairment for extremely preterm infants with grade 3 and 4
GMH-IVH. In fact, the higher Al-Abdi scores are even more spe-
cific and accurate at predicting NDI, a feature that could prove
useful for the neonatal teams and the parents in their decision
regarding the continuation of care or redirection to palliative
care. However, multicentric prospective larger studies including
all grades of GMH-IVH are recommended to ascertain the valid-
ity of the individual Al-Abdi scores in predicting NDI and/or
death before they could be approved for regular usage.

ACKNOWLEDGMENTS

The authors wish to thank Professor Abhay Lodha (Department
of Pediatrics and Community Health Sciences, Cumming School
of Medicine, University of Calgary, Canada) and Dr Sameer Al-
Abdi (Neonatologist, King Abdulaziz Hospital, Al-Ahsa, Saudi
Arabia) for their kind help in providing Fig 1 to better explain
the Al-Abdi score.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.

REFERENCES

1. Fanaroff AA, Stoll BJ, Wright LL, et al; NICHD Neonatal Research
Network. Trends in neonatal morbidity and mortality for very low
birthweight infants. Am ] Obstet Gynecol 2007;196:147.e1-78
CrossRef Medline

2. Lundqvist P, Killén K, Hallstrom I, et al. Trends in outcomes for
very preterm infants in the southern region of Sweden over a 10-
year period. Acta Paediatr 2009;98:648-53 CrossRef Medline

3. Schmidt B, Asztalos EV, Roberts RS, et al; Trial of Indomethacin
Prophylaxis in Preterms (TIPP) Investigators. Impact of broncho-
pulmonary dysplasia, brain injury, and severe retinopathy on the
outcome of extremely low-birth-weight infants at 18 months:
results from the trial of indomethacin prophylaxis in preterms.
JAMA 2003;289:1124-29 CrossRef Medline

4. Bassler D, Stoll BJ, Schmidt B, et al; Trial of Indomethacin
Prophylaxis in Preterms Investigators. Using a count of neonatal
morbidities to predict poor outcome in extremely low birth weight
infants: added role of neonatal infection. Pediatrics 2009;123:313-
18 CrossRef Medline

5. Gargus RA, Vohr BR, Tyson JE, et al. Unimpaired outcomes for
extremely low birth weight infants at 18 to 22 months. Pediatrics
2009;124:112-21 CrossRef Medline

6. Larroque B, Marret S, Ancel PY, et al; EPIPAGE Study Group. White
matter damage and intraventricular hemorrhage in very preterm
infants: the EPIPAGE study. ] Pediatr 2003;143:477-83 CrossRef
Medline

AINR Am J Neuroradiol 43:486-92 Mar 2022 www.ajnr.org 491


http://www.ajnr.org/sites/default/files/additional-assets/Disclosures/March%202022/0915.pdf
http://www.ajnr.org
http://dx.doi.org/10.1016/j.ajog.2006.09.014
https://www.ncbi.nlm.nih.gov/pubmed/17306659
http://dx.doi.org/10.1111/j.1651-2227.2008.01155.x
https://www.ncbi.nlm.nih.gov/pubmed/19133870
http://dx.doi.org/10.1001/jama.289.9.1124
https://www.ncbi.nlm.nih.gov/pubmed/12622582
http://dx.doi.org/10.1542/peds.2008-0377
https://www.ncbi.nlm.nih.gov/pubmed/19117897
http://dx.doi.org/10.1542/peds.2008-2742
https://www.ncbi.nlm.nih.gov/pubmed/19564290
http://dx.doi.org/10.1067/S0022-3476(03)00417-7
https://www.ncbi.nlm.nih.gov/pubmed/14571224

11.

13.

14.

492

. Heuchan AM, Evans N, Henderson Smart DJ, et al. Perinatal risk

factors for major intraventricular haemorrhage in the Australian
and New Zealand Neonatal Network, 1995-97. Arch Dis Child Fetal
Neonatal Ed 2002;86:F86-90 CrossRef Medline

. Papile LA, Burstein J, Burstein R, et al. Incidence and evolution of

subependymal and intraventricular hemorrhage: a study of infants
with birth weights less than 1,500 gm. J Pediatr 1978;92:529-34
CrossRef Medline

. Sheehan JW, Pritchard M, Heyne R], et al. Severe intraventricular

hemorrhage and withdrawal of support in preterm infants. ]
Perinatol 2017;37:441-47 CrossRef Medline

. Bassan H, Limperopoulos C, Visconti K, et al. Neurodevelopmental

outcome in survivors of periventricular hemorrhagic infarction.
Pediatrics 2007;120:785-92 CrossRef Medline

Jary S, Kmita G, Wroblewska J, et al. Quantitative cranial ultrasound
prediction of severity of disability in premature infants with post-
haemorrhagic ventricular dilatation. Arch Dis Child 2012;97:955-59
CrossRef Medline

. Merhar SL, Tabangin ME, Meinzen-Derr J, et al. Grade and laterality

of intraventricular haemorrhage to predict 18-22 month neurode-
velopmental outcomes in extremely low birthweight infants. Acta
Paediatr 2012;101:414-18 CrossRef Medline

Al-Abdi SY. A severity score for intraventricular hemorrhage in
preterm neonates. Saudi Med ] 2011;32:1313-14 Medline
Al-Mouqgdad M, Al-Abdi S, Scott JN, et al. A new GMH-IVH scoring
system based on laterality enhances prediction of neurodevelop-
mental outcomes at 3 years age in premature infants. Am ]
Perinatol 2017;34:44-50 CrossRef Medline

. Griffiths MH. The Griffiths Mental Development Scales from Birth to

Two Years: Manual. Perth: WA Department of Health; 1996.

Desai Mar 2022 www.ajnr.org

16.

17.

19.

20.

21.

22.

23.

24.

25.

Bayley N. Bayley Scales of Infant and Toddler Development. 3rd ed.
Harcourt Assessment; 2006

Gotdon B. The Wechsler Preschool and Primary Scale of Intelligence.
3rd (Australian) ed. Psychological Corporation; 2002

. Doyle LW, Anderson PJ, Battin M, et al. Long-term follow up of

high risk children: who, why and how? BMC Pediatr 2014;14:279
CrossRef Medline

Sharp M, French N, McMichael ], et al. Survival and neurodevelop-
mental outcomes in extremely preterm infants 22-24 weeks of gesta-
tion born in Western Australia. J Paediatr Child Health 2018;54:188—
93 CrossRef Medline

De Vries LS, Van Haastert IL, Rademaker KJ, et al. Ultrasound
abnormalities preceding cerebral palsy in high-risk preterm
infants. ] Pediatr 2004;144:815-20 CrossRef Medline

Maalouf EF, Duggan PJ, Counsell SJ, et al. Comparison of findings
on cranial ultrasound and magnetic resonance imaging in preterm
infants. Pediatrics 2001;107:719- 27 CrossRef Medline

Gilard V, Chadie A, Ferracci FX, et al. Post hemorrhagic hydroceph-
alus and neurodevelopmental outcomes in a context of neonatal
intraventricular hemorrhage: an institutional experience in 122
preterm children. BMC Pediatr 2018;18:288 CrossRef Medline
Maitre NL, Marshall DD, Price WA, et al. Neurodevelopmental out-
come of infants with unilateral or bilateral periventricular hemor-
rhagic infarction. Pediatrics 2009;124:e1153-60 CrossRef Medline
van Buuren LM, van der Aa NE, Dekker HC, et al. Cognitive out-
come in childhood after unilateral perinatal brain injury. Dev Med
Child Neurol 2013;55:934-40 CrossRef Medline

Brouwer A, Groenendaal F, van Haastert IL, et al
Neurodevelopmental outcome of preterm infants with severe in-
traventricular hemorrhage and therapy for post-hemorrhagic
ventricular dilatation. J Pediatr 2008;152:648-54 CrossRef Medline


http://dx.doi.org/10.1136/fn.86.2.F86
https://www.ncbi.nlm.nih.gov/pubmed/11882549
http://dx.doi.org/10.1016/S0022-3476(78)80282-0
https://www.ncbi.nlm.nih.gov/pubmed/305471
http://dx.doi.org/10.1038/jp.2016.233
https://www.ncbi.nlm.nih.gov/pubmed/27977011
http://dx.doi.org/10.1542/peds.2007-0211
https://www.ncbi.nlm.nih.gov/pubmed/17908766
http://dx.doi.org/10.1136/archdischild-2012-301778
https://www.ncbi.nlm.nih.gov/pubmed/22941857
http://dx.doi.org/10.1111/j.1651-2227.2011.02584.x
https://www.ncbi.nlm.nih.gov/pubmed/22220735
https://www.ncbi.nlm.nih.gov/pubmed/22159391
http://dx.doi.org/10.1055/s-0036-1584138
https://www.ncbi.nlm.nih.gov/pubmed/27182991
http://dx.doi.org/10.1186/1471-2431-14-279
https://www.ncbi.nlm.nih.gov/pubmed/25399544
http://dx.doi.org/10.1111/jpc.13678
https://www.ncbi.nlm.nih.gov/pubmed/28836705
http://dx.doi.org/10.1016/j.jpeds.2004.03.034
https://www.ncbi.nlm.nih.gov/pubmed/15192633
http://dx.doi.org/10.1542/peds.107.4.719
https://www.ncbi.nlm.nih.gov/pubmed/11335750
http://dx.doi.org/10.1186/s12887-018-1249-x
https://www.ncbi.nlm.nih.gov/pubmed/30170570
http://dx.doi.org/10.1542/peds.2009-0953
https://www.ncbi.nlm.nih.gov/pubmed/19948617
http://dx.doi.org/10.1111/dmcn.12187
https://www.ncbi.nlm.nih.gov/pubmed/23758403
http://dx.doi.org/10.1016/j.jpeds.2007.10.005
https://www.ncbi.nlm.nih.gov/pubmed/18410767

	Comparison of Papile versus Laterality-Based Al-Abdi System to Predict Neurodevelopmental Impairment in Extreme Preterm Infants after Severe Germinal Matrix Hemorrhage–Int ...
	MATERIALS AND METHODS
	DESIGN AND SETTING
	ETHICS APPROVAL
	ELIGIBILITY
	EXCLUSION
	DATA COLLECTION
	CRANIAL SONOGRAPHY DETAILS
	AL-ABDI SCORING SYSTEM
	NEURODEVELOPMENTAL ASSESSMENTS
	MEASURES
	DEFINITIONS
	DATA ANALYSIS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


