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Abstract

Background: The preterm infants are at risk of cerebellar injury and the risk factors for
necrotizing enterocolitis (NEC) associated cerebellar injury are not fully understood.

AIM: Determine the risk factors of cerebellar injury in infants with surgical necrotizing
enterocolitis (NEC).

Methods: Retrospective study compared clinical/pathological information between surgical NEC
infants with and those without cerebellar injury detected on brain MRI obtained at term equivalent
age. Cerebellar Injury patterns that we identified on MRI brain were cerebellar hemorrhage,
siderosis and/or cerebellar volume loss.

Results: Cerebellar injury (21/65, 32.3%) in preterm infants with NEC was associated with
patent ductus arteriosus (PDA) (18/21(85.7%) vs. 25/44(56.8%); p=0.021), blood culture positive
sepsis (13/21 (61.9%) vs. 11/44 (25%); p=0.004) following NEC, predominantly grew gram
positive bacteria (9/21(42.9%) vs.4/44(9.1%);p=0.001), greater red cell transfusion, higher rates
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of cholestasis following NEC and differences in intestinal histopathology (more hemorrhagic and
reparative lesions) on univariate analysis. Those with cerebellar injury had higher grade white
matter injury (14/21 (66.7%) vs. 4/44(9.1%) p=0.0005) and higher-grade ROP (70.6% vs. 38.5%;
p=0.027) than those without cerebellar injury.

On multilogistic regression, the positive blood culture sepsis (OR 3.9, Cl 1.1-13.7, p=0.03), PDA
(OR 4.5, Cl 1.0-19.9, p=0.04) and severe intestinal pathological hemorrhage (grade 3-4) (OR
16.9, Cl 2.1-135.5, p=0.007) were independently associated with higher risk of cerebellar injury.

Conclusion: Preterm infants with surgical NEC with positive blood culture sepsis, PDA, and
severe intestinal hemorrhagic lesions (grade 3-4) appear at greater risk for cerebellar injury.
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Introduction:

Methods

Necrotizing enterocolitis (NEC) is a systemic inflammatory disease of very low birth weight
infants and is associated with high neurological morbidity, death, and increased health care
cost (1-7). Surgical NEC and the associated inflammation mediate severe white matter
injury on neuroimaging with its associated adverse neurodevelopmental outcomes at two
years of age (8-13). The cerebellum is also known to be vulnerable with preterm birth

to both injury and dysmaturation (14) (15). The preterm birth may alter global, regional,

and local development of the cerebellum and brainstem even in the absence of structural
brain injury evident on conventional MRI (16). A recent meta-analysis (17) has reported
NEC being a risk factor for cerebellar hemorrhage and subsequent neurodevelopmental
consequences.

In our recent study, we reported clinical and histopathological determinants of white matter
injury on neuroimaging in infants with surgical necrotizing enterocolitis (NEC). Magnetic
resonance imaging (MRI) revealed brain injury in our preterm cohort with surgical NEC

in the white matter in 52% of infants, grey matter in 10%, and the cerebellum in 30%

(18). White matter injury was associated with earlier NEC onset, higher RBC transfusions,
and less necrosis and greater hemorrhage lesions on intestinal pathology in preterm infants
with surgical NEC(18). However, to our knowledge, the risk factors for NEC-associated
cerebellar injury are not fully understood and there is no study combining clinical and
postoperative course findings in identifying the subgroup of infants with surgical NEC at
higher risk of cerebellar injury.

In this single-center, retrospective cohort study, we sought to determine the demographics,
clinical parameters, and interventions that were associated with cerebellar injury on MRI
brain at term equivalent age in preterm infants with surgical NEC.

This retrospective study was conducted at the level 4 neonatal intensive care unit (NICU)
at the University of Mississippi Medical Center, a regional referral center, after approval
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by the Institutional Review Board (2017-0127). A detailed review of the electronic medical
records identified 243 patients with birth gestational age less than 37 weeks with medical
and surgical NEC (NEC Bell stage 11 and above)(19) who underwent NEC management in
the period between January 2013 and December 2018. We identified 65 infants with surgical
NEC qualifying for the study (see figure 1).

Clinical information:

We recorded demographic characteristics including birth weight, gestational age, sex, race
(African American, Caucasian, or Latino), and mode of delivery (C-section / Vaginal
delivery), APGAR scores at 5 minutes, out born status, and small for gestational age

status. We collected information regarding maternal factors, including pregnancy-induced
hypertension, chorioamnionitis, and antenatal steroids. We also gathered the clinical data
on any patent ductus arteriosus (PDA) before NEC and receiving treatment with ibuprofen /
indomethacin or surgical ligation, duration of mechanical ventilation and the inotrope
(dopamine) use 24 hours following the NEC onset.

NEC information:

We noted the NEC features such as the age of onset and clinical presentation (abdominal
distension, feeding intolerance, and bloody stools). The NEC diagnosis was made on
abdominal X-ray findings such as pneumatosis, pneumoperitoneum, and portal venous gas.
We recorded information on Penrose drain, time to laparotomy, length and region of bowel
resected, types of stoma creation following NEC surgery.

Histopathological Evaluation:

Hematoxylin & eosin-stained surgical resected intestinal tissue sections were evaluated for
necrosis, inflammation, hemorrhage, and reparative changes by a pediatric pathologist.

A score of 0 was assigned when the exam appeared normal, 1 for 1-25% necrosis/
inflammation, 2 when 25-50% area involved, 3 when 50-75% area was affected, and 4
when >75% changes were seen (20).

Postoperative Morbidity:

To assess postoperative morbidity, we recorded the duration of postoperative ileus, days

of parenteral nutrition (PN) days, intestinal failure (PN >90days), and time to achieve

full feeds. Short bowel syndrome was defined as infants who were still requiring TPN at
discharge or more than 90 days after NEC onset. Days of parenteral nutrition were defined
as the interval between postoperative day 1 until full enteral feedings were achieved (defined
as 120 ml/kg/day). Surgical morbidity was classified as surgical site infections (including
dehiscence and abscesses), strictures, fistulas, adhesions, and perforations.

We recorded information on the length of stay and mortality. The length of stay was defined
as the total hospitalization duration from the day of admission until discharge or death.
Mortality was defined as death due to any cause prior to hospital discharge.

We also collected data on bronchopulmonary dysplasia status at 36 weeks based on the
oxygen requirement at the time of assessment(21).
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Hematology information:

We recorded complete blood cell count results from the electronic chart before the NEC
onset (last available CBC inpatient record before NEC onset), on the day of NEC onset, 24
hours, 48 hours and up to 1 week after onset. We collected data on relative (presented as
percentages) as well as on the absolute values. If we had multiple CBC on the same day,
we recorded data from what we judged to be the most abnormal. We also collected data on
platelet and RBC transfusion before and after the NEC onset.

Renal function data:

We captured all serum creatinine (SCr) measurements and daily urine output (UOP) before
and five days after NEC onset. After NEC onset, the incidence of AKI was determined
using the modified neonatal staging criteria as previously described in the kidney disease:
Improving Global Outcomes (KDIGO) Clinical Practice Guideline for AKI (22-26).

Neonatal MRI data:

All MRI brain scans (without contrast) were scored independently by two pediatric
neuroradiologists unaware of the infants’ clinical course. Our NICU standard of care is

to obtain a brain MRI at 36 weeks corrected age or before discharge whenever clinically
feasible in neonates with birthweight less than 1500 grams. We used a standardized scoring
system as used by Woodward et al. and consisting of eight 3-point scales (9) to evaluate
brain injury.

Cerebellar Injury:

We also assessed cerebellar lesions on brain MRI. We scored the scans on a binary scale
with 0 being no injury and 1 indicating the presence of cerebellar injury. Cerebellar Injury
patterns that we identified on MRI brain were cerebellar hemorrhage, siderosis and/or
cerebellar volume loss. A cerebellar hemorrhage grading scheme was proposed: grade 1
consisted of unilateral small ( <3 mm) punctate lesions; grade 2 consisted of bilateral small
punctate lesions; grade 3 consisted of extensive (>3 mm) unilateral lesions; and grade 4
consisted of extensive bilateral lesions (27). Cerebellar volume loss was classified as mild
(<25% volume loss), moderate (25-75% volume loss), and severe (>75% volume loss).

Hemorrhage (superficial siderosis and parenchymal hemorrhage) detection varied between
susceptibility weighted imaging (SWI1) and gradient recalled echo (GRE) techniques,
performed on a 1.5T or 3T strength MR, utilizing between 1.5-2mm slices for SWI and
4-5mm slices for GRE sequences. No slice gap was used for most scans, but a more remote
exam utilized a 1.5mm slice gap. Volume loss was assessed with coronal and axial T2
weighted sequences on either 1.5T or 3T strength MRI, utilizing 4-5mm slices, and no slice
gap, except for two scans, which utilized fast shunt protocol technique with 2.5mm slice
gap and an older MRI utilizing a 1.5mm slice gap. Two of the scans were unable to be
assessed for hemorrhage due to motion or utilization of T2-only shunt protocol technique.
Most brain MRIs were performed using the GRE sequence, which is less sensitive for

the detection of hemorrhage, and a minority were performed with the more sensitive SWI
technique. Asymmetric volume loss in the cerebellum was contralateral to the germinal
matrix hemorrhage in all cases, a known phenomenon associated with damage to crossing
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white matter tracts/transsynaptic degeneration. Hemorrhages varied between location in the
vermis and cerebellar hemispheres. Superficial siderosis along the cerebellum and brainstem
were also noted.

Cranial Ultrasound: A trained pediatric neuro-radiologist recorded data on cranial
ultrasound (CUS) findings on the presence and extent of white-matter echolucency or cystic
periventricular leukomalacia, ventriculomegaly, and the highest grade of intraventricular
hemorrhage before and after the NEC onset. In this cohort, the data was available only for
30 infants. Seventeen infants (17/30) had belonged to no cerebellar injury group and 13
infants (13/21) were in the cerebellar injury group. In the group with cerebellar injury, out
of 13, eight infants (8/13, 61%) had intraventricular hemorrhage (Grade 1= 1/13, grade 2

= 2/13, grade 3=2/13, and grade 4 = 3/13) before NEC onset on the cranial ultrasound.

On the other hand, in the group with no cerebellar injury, out of 17 cases, 10/17 had no
intraventricular hemorrhage and 7/17 infants (grade 1=2/7, grade 2 =4/7, grade 3= 1/17) had
any intraventricular hemorrhage on the cranial ultrasound before the NEC onset.

Neurodevelopment assessment at two years of age:

At our center, infants underwent a neurodevelopmental comprehensive evaluation conducted
by child development specialists using Bayley Scales of Infant Development (BSID-

I11) during the study period who were aware of the MRI findings and the clinical

course. We recorded cognitive and psychomotor development assessment scores. The
Mental Development Index (MDI) assesses environmental responsiveness and sensory and
perceptual abilities, memory, learning, and early language and communication abilities; the
Psychomotor Development Index (PDI) assesses gross and fine motor skills.

Statistical Methods:

Normally distributed continuous variables are summarized as means and standard deviations
(= SD). Comparisons between normally distributed continuous measures for those with and
without cerebellar injury were performed using Student’s t-test for equal variance cases

and Welch’s unequal variances t-test for unequal variances. For continuous data exhibiting
non-normal distributions medians with interquartile range (IQR) [15¢ quartile; 3" quartile]
are presented, and differences were tested using the Kruskal-Walli’s test. Categorical data
were summarized as counts with relative frequencies as percentages, and differences in the
groups were analyzed using the Chi-squared test (X2 test) or Fisher’s exact test.

Univariate logistic regression analyses examined the unadjusted association between

each of the risk factors and cerebellar injury. Logistic regression analyses compared
clinical and pathological findings among neonates with cerebellar injury to those without
cerebellar injury. Multivariate logistic regression models were used to evaluate the adjusted
associations between cerebellar injury and clinical-histological factors, using absence of
cerebellar injury as the reference All tests were two-sided and a p-value < 0.05 was
considered statistically significant. The statistical analyses were performed in SAS 9.4
statistical software.
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Sixty-five Infants were included in the study. 21/65 (32.3%) infants had cerebellar injury.
Out of 21 infants, 2/21(9.5%) infants had grade 1/ mild cerebellar volume loss, 5/21(23.8%)
had grade2/moderate cerebellar loss and 6/21(28.5%) had severe cerebellar loss. Eight
infants (8/21, 38%) had normal cerebellar volume on brain MRI. On the other hand, 9/20
(45%) had grade 4 hemorrhage on brain MRI and 2/20 (10%) had grade 3 and 2/20 (10%)
infants had grade2 and 4/20(20%) infants had grade 1 cerebellar hemorrhage on the brain
MRI. One infant was not included in the hemorrhage group analysis.

Out of 21 infants, 8/65 (12.3%) had cerebellar/superficial siderosis, 5/65 (7.6%) had
cerebellar volume loss (4/5 unilateral volume loss & 1/5 bilateral volume loss) and
8/65(12.3%) had both cerebellar hemorrhages and the cerebellar volume loss. The lesions
are depicted in Figure 2.

In this cohort, the cranial data for intraventricular hemorrhage was available only for 30
infants. Seventeen infants (17/30) had belonged to no cerebellar injury group and 13 infants
(13/21) were in the cerebellar injury group. In the group with cerebellar injury, out of 13,
eight infants (8/13, 61%) had intraventricular hemorrhage (Grade 1= 1/13, grade 2 = 2/13,
grade 3=2/13, and grade 4 = 3/13) before NEC onset on the cranial ultrasound. On the
other hand, in the group with no cerebellar injury, out of 17 cases, 10/17 (58.8%) had no
intraventricular hemorrhage and 7/17 (41%) infants (grade 1=2/7, grade 2 =4/7, grade 3=
1/17) had any intraventricular hemorrhage on the cranial ultrasound before the NEC onset.

Those with cerebellar injury had pregnancy induced hypertension less often (9.5%

vs. 37.6%; p=0.024), greater presence of a patent ductus arteriosus (18/21(85.7%) vs.
25/44( 56.8%);p=0.021) received red blood cell transfusion more often (76% vs. 0%;
p=0.0001), more blood culture positive sepsis ( 13/21 ( 61.9%) vs. 11/44 ( 25%);p=0.004)
with gram positive organisms ( 9/21(42.9%) vs.4/44(9.1%);p=0.001), had less pneumatosis
on the abdominal Xray (50% vs.14.3%; p=0.006) and more hemorrhagic lesions and the
reparative changes (p<0.05) on the intestinal histopathology. They also had more cholestasis
following NEC (18/21(85.7%) vs. 25/44 (59.5%); p=0.035) compared to those without
cerebellar injury. Preterm infants with cerebellar infants had higher mean white blood cell
count (31.4+ SD 22.9 vs. 20.9 + SD 14.9; p=0.080) at day 4 following NEC, higher absolute
neutrophil counts at day 4 (21.5 (x SD 18.6) vs. 11.4(x SD 9.2); p=0.023) and higher
monocyte counts day 7 following NEC (14.9+ SD6.9 vs. 21+ SD 8.9; p=0.022) than those
without cerebellar injury on brain MRI at term equivalent age. The data are summarized in
Table 1-3 and Supplemental Table 1.

Those with cerebellar injury had more white matter injury (19/21 (90.5%) vs. 15/44(34.1%);
p=0.0001) and higher grade 3-4 WMI (14/21 (66.7%) vs. 4/44(9.1%) p=0.0005) and higher-
grade ROP (70.6% vs. 38.5%; p=0.027) than those without cerebellar injury.
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Two-year Neurodevelopmental Outcomes:

There were no significant differences in the cognitive, language, motor and the socio-
emotional scores assessed by BSID Il at 2 years of corrected age in surgical NEC infants
with and without cerebellar injury. The data are summarized in the Table 3.

Multiregression Analysis:

On multi logistic regression analysis the positive blood culture sepsis (OR 3.9, Cl 1.1-

13.7, p=0.0368), patent ductus arteriosus (OR 4.5 ( Cl 1.0-19.9, p=0.047) and the severe
hemorrhage on the intestinal pathology (grade 3—-4) (OR 16.9, Cl 2.1-135.5, p=0.0079) were
independently associated with higher risk of cerebellar injury on the brain MRI at term
equivalent age. Table 4.

Discussion

Our study has demonstrated cerebellar injury on MRI in 32 % of preterm infants with
surgical NEC. Infants with cerebellar injury were less likely associated with pregnancy
induced hypertension, received more red blood cell transfusion, had blood culture positive
sepsis more frequently with gram positive organisms, had greater risk for patent ductus
arteriosus, displayed less pneumatosis and had more hemorrhagic lesions and reparative
changes on the intestinal histopathology. Positive blood culture sepsis, patent ductus
arteriosus and the severe intestinal hemorrhage (grade 3—4) remained independently
associated with higher risk of cerebellar injury on the brain MRI at term equivalent age
after multi-logistic regression analysis.

Our study noted a higher gram-positive infection frequency in the infants with cerebellar
injury. S. epidermidis sepsis was associated with higher odds for neurodevelopmental
impairment (OR 1.31, 95% CI: 1.09-1.57) compared to control infants in a recent meta-
analysis (28). Neonatal host response to S. epidermidis sepsis are not fully understood. In
the preterm infant, this may be related to the immature innate immunity with a distinctive
regulation pattern of the inflammatory response (29). A prospective study of 192 neonates
(gestational age <30 weeks) noted that infants with gram-positive infection had significantly
more white matter injury on the brain MRI than those with no sepsis-associated NEC (13).
Bacteremia-induced brain injury may be explained by the release of lipopolysaccharide

or peptidoglycan and modulating pro-inflammatory genes in the brain such as Toll-like
receptors, nuclear factor-xB, antioxidants, oxidants, and cytokines (30).

Geier et al has shown that patients with cholestasis (direct bilirubin >2 mg/dl) had a

higher incidence of bloodstream infections following surgical NEC; in sepsis-associated
liver injury, bacterial toxins may have induced pro-inflammatory cytokines and caused
ischemic liver injury (31). In our cohort infants with cerebellar injury had higher evidence of
pneumatosis on the abdominal x-rays. Pneumatosis in NEC infants is due to establishment
of the gas-producing bacteria by 3—-4 weeks of life and translocation of gas-producing
bacteria to the subserosa layer. La Rosa et al. have shown that the gut microbiota of
premature infants residing in a tightly controlled microbial environment progresses through
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a choreographed succession of bacterial classes from Bacilli to Gammaproteobacteria to
Clostridia and slow progression in infants with the lower gestational age (32).

In this cohort, infants with cerebellar injury had more hemorrhagic lesions on the intestinal
pathology and received more packed red cell transfusion. In our study, infants with WMI
also received more red blood transfusions before NEC onset than the group without

WMBI [n=14 (41.2%) vs. n=2(9.1%); p=0.009]. A recent study reported the impact of
blood transfusions on neurodevelopmental outcomes in the Preterm Erythropoietin (Epo)
Neuroprotection (PENUT) Trial population. Each transfusion was associated with a decrease
in mean cognitive score of 0.96 (95% ClI [1.34, 0.57]), a decrease in mean motor score

of 1.51 [-1.91, -1.12], and a decrease in mean language score of 1.10 [-1.54, —0.66](33).
The exact mechanism of brain injury remains unclear, but possible mechanisms include
pro-inflammatory injury, suppression of endogenous erythropoietin, and oxidative stress
mediating injury to the pre-oligodendroglia following blood transfusion (34). It is also
plausible that the blood transfusions may have been a marker for cerebral hypoxic-ischemic
risk.

Animal studies have reported systemic inflammation secondary to NEC leading to neuronal
injury via microglial activation, inflammatory pathway activation, and blood-brain barrier
disruption (35-38). A study done in a primate baboon model has shown that preterm birth
followed by neonatal intensive care experience for 2 weeks impeded the Purkinje cells
including action potential waveforms, synaptic input, and dendritic extension compared
with age matched controls (39). Cha et al. has shown altered white matter microstructure

in preterm infants with NEC with increased mean diffusivity in the splenium of corpus
callosum (p = 0.001) and the left corticospinal tract (p = 0.001) (40). Jiang et al reported
that neonatal NEC adversely affects myelination of the more rostral or central regions of
the immature brainstem as evidenced by the maximum length sequence brainstem auditory
evoked response components, resulting in delayed or impaired neural conduction, but spares
the more peripheral regions (41).

This study’s strengths include that it is one of the few studies to identify clinical

and pathological risk factors for the cerebellar injury in preterm infants with surgical
necrotizing enterocolitis. Identification of risk factors associated with cerebellar injury
may improve early recognition of at-risk preterm infants and provide useful bedside
prognostic information. Limitations of our study include that it is single-center experience
and retrospective. The relatively small sample size may reduce the study’s generalizability
and the statistical power to detect additional important associations between clinical
determinants and cerebellar injury in a neonate with surgical necrotizing enterocolitis.
Secondly, we agree that the number of comparisons given our cohort size generates a high
probability of type I errors. Thirdly, we did not see any significant neurodevelopmental
outcomes at 2 years of corrected age most likely due to poor patient follow up rate.

Our study also did not account for the pre- NEC variables such as hypotension or the
intraventricular hemorrhage or the cerebellar injury and it is very difficult to establish the
timing of cerebellar hemorrhage in preterm infants with surgical NEC which needs a large
multicenter prospective study.
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In conclusion, this study demonstrates that cerebellar injury was common being seen in
32% of infants with surgical NEC. Those with cerebellar injury received more red blood
cell transfusions, had greater risk for blood culture positive sepsis at the time of NEC onset
with more gram-positive organisms and had severe hemorrhagic lesions on the intestinal
histopathology compared to those without cerebellar injury.

In the future, prospective multi-center studies, which allow the inclusion of additional
clinical details (e.g., gut perfusion, gut microbiome) and laboratory predictors such as
inflammatory biomarkers, may support earlier recognition of risk factors and pathways
that lead to cerebellar following surgical NEC. Studies that evaluate neuroprotective
strategies to prevent cerebellar injury, and consequences are greatly needed to improve
neurodevelopmental outcomes in high-risk preterm infants with NEC. Our findings
may provide further guidance in targeting experimental neuroprotective or mitigating
interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact

1 In preterm infants with surgical NEC, brain magnetic resonance injury (MRI)
showed cerebellar injury in 30%.

2. Preterm infants with cerebellar injury had greater hemorrhagic lesions on
histopathology of the bowel.

3. Preterm infants with cerebellar injury had positive blood culture sepsis and
most likely associated with gram positive bacteremia.

4. Neuroprotective strategies to prevent cerebellar injury in preterm infants with
surgical NEC are needed with the goal of improving the neurodevelopmental
outcomes.
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Total Number of Medical and
Surgical NEC between 2013 - 2018
(n = 240)

Records excluded due to:
- Data inconsistent with NEC diagnosis
(n=14)
- Maedical NEC (n = 108)
- Non-availability of MRI (n = 53)

Total Number of Surgical NEC
included in study (n = 65)

Infants without 2 year follow up due to:
- Death(n=7)
- Lost to follow up (n = 44)

Infants with cerebellar injury
21/65

Infants with 2 year follow up (n =
14)

Figure 1:

Patient flow algorithm for included, excluded, and enrolled infants with surgical necrotizing

enterocolitis.
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Figure 2: Cerebellar injury on MRI.
A. Coronal T2 weighted MRI shows mild right cerebellar volume loss (arrow) contralateral

to a large porencephalic cyst (star) in this patient with prior grade 4 germinal matrix
hemorrhage. B. Coronal T2 MRI shows severe bilateral cerebellar volume loss (arrows) in
this patient who also had a severe brain injury in the supratentorial brain. C. Axial SWI

MRI shows few small hemorrhages in the left cerebellar hemisphere (white arrowheads) and
superficial siderosis coating the surface of the brainstem and cerebellum (black arrowheads).
D. Axial GRE shows multiple bilateral hemorrhages in the cerebellum.

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



Page 15

Garg et al.

vT°0 ve (%) v pasn proua)s Jo adAL
950 (T'69) 92 (2'99) ¥T (5'19) O% 9 (%) u "asn ploJals [eeulsod
1200 (cza)9 (e89) L (eee) et 6¢ (%) u *asn 2O swioH
GE0 (o) L2 (zv8) 9T (8'92) ev 9§ (%) v 'add a19nes
100 ((geg) ee (0001) LT (228) 05 LS (%) ‘adg
1200 (8'99) 52 (2'g8) 8T (z'99) ev G9 (%)v 'vad
0000 (00)o (z92) ot (982) 91 9 (%) u ‘D3N al0gaq uoisnysues) Dgdd
60 (z'89) 0g (w12 ST (z'69) s¥ G9 (%) ¥ "03N alojaq uoisnysuel) 39|93e|d
1T°0 (Te) v (8€2) g (8€1) 6 9 (%) v *asn urdeyrewopu|
010 (Te) e (5'06) 6T (T'82) 05 ¥9 (%) v *03N Ja)e Y ¥z 1oddns Jossaid
€€'0 (9°08) 62 (L'v6) 8T (5'98) L G (%) v *(peyeqmur) uome|UBA PaJSISSY
610 (5'v9) vz (w12 ST (0°09) 6¢ 59 (%) ¢ 'u10qINO
680 (e et (0s2) g (992) L1 9 (%) u *abe [euonesseb Joy |jews

(€2)e 8y 1 (Te)e Buyo

(sve (000 (Te)e oure]

(0's2) eg (z92) o1 (7'52) 6 ueiseanen

(z81) 8 (06T ¥ (g8m) et UBDLIBWY UBDLIPY
VL0 9 (%) u ‘Aoz
50 (9¢9) 82 (1) st (z'99) e 9 (%) u ‘arew
960 (5219) L'126 (¥'L5V) ¥'826 (e'g6v) 6'€26 | S9 (@s ¥ ueaw ‘6) wbiem yuig
880 (L9592 (L9 e (L vz 9 (@s ¥ ueaw ‘syzam) abe [euonesen
uolrew ojul eolul|D
G20 (Te) v (06T) ¥ (ezr) 8 9 (%) u ‘smuoruweorioyd
%200 (7'9g) 9T (s6)2 (L12) 8T 59 (%) v ‘uoisuapadAH paonpul-Aoueubaid
950 (v2) ee (018) LT (9'92) 6 9 (%) U '3sn pl10IBIS [EFRUBIUY
€100 (9'g2) o1 (00)0 (6'97) 0T 65 (%) v ‘uoisuapadAH d1uolyD
uolrew.lioju| rereusid

aneAd | (v =N)Ainluj rejpgeed oN | (Te =N) Aunfuj rejpgeed | (G9=N) 0L | N

Author Manuscript

Ainlu] Jejagalad 1noylIM pue yaIm SJuBjul Ul UOITeWIOJUI [B2IUIID 3Y) pue salydeiBowaq

‘T algeL

Author Manuscript

Author Manuscript

Author Manuscript

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



Page 16

Garg et al.

‘00 > d panubis sanjea o1jel pue pjog Jo souasald ay L 1581 X sy Buisn palsal aam sainsesw
[eo1i0Ba1eD Ul Saouaalq 1581 S, 1|[BM-1eXSnIM J0 “‘YAONY ‘1591 1 & Buisn palsa) alam sainseal SNONUIUO0D Ul $aoualayid “(UoIeIASp plepue)s) ueaw se pajuasald aJe SajgelieA snonunuod pue (sbejuadiad)
1UN09 se pajuasald ale sajqelieA [earobisre) Aunful Asupry| 81Ndy = |3V "eise|dsAp Areuowndoyauolg adg abe jeuonelssh oy [lews voOS

"snsoliale smonp Juated Ad "Sij090431us BuIZiolosu DIN

LT0 (sv) e (evT) € (2s 9 ureaQ
50 (2°8L) 6'9ST (002) £'69T (2s2) 88091 | 59 (as ¥ ueaw ‘skep) Aeis Jo yibua
ab reyosig
950 (r81) 2 (052) § (Log)er 85 | (96) v ueseid suiueald wnias pue ndino aun Ag |V
€10 (7Lv) 8T (e'92) s (rov) €2 LS (%) v ‘indino aunin Aq 1MV
600 (Lyp) LT (7'89) €1 (929) og 1S (%) u *sulunealo wniss Aq IMY
010 (z€9) vz (zv8) 9T (z'02) ov LS (%) ¢ *03N Buimojjoy Jussaid MY Auy

(AR (0c0)o (81T) ¥ auoseljaWexsd

(928) 6T (0001) TT (z'88) 0g 3U0S111000IpAH

anfeAd | (v =N)Ainfuj rejpgeed oN | (T2 =N) Aunfuj rejpgeed | (G9=N) e1OL | N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



Page 17

Garg et al.

(roe) et (oom) ¢ (7'92) v1 %Se>

(9€9) T2 (0'08) 0T (5'89) 1€ %0

T000 €5 (%) U *abueyd anneeday

(621 (0°09) 2T (Tve) et %S.<

(81T ¥ (osT) € (oer) 2 %G.—0S

(6728) 8T (osT) € (6'8¢) T2 %0562

(se2) 8 (oom) ¢ (g81) 01 %G5>

(88) € (00)o (99) ¢ %0

0000 v (%) v ‘aBeyliowsH

oDy (00)o oDy %SL<

(LaT (000 (81T %G.—0S

(6'sv) LT (002) vT (rvs) 1€ %0562

(Tge) et (0s2) g (978) 81 %G5>

(ra)e (09t (e9) ¢ %0

vE0 1S (%) v ‘uonewwepu

(sen) s (00)o (88) s %S.<

(L62) 1T (osm) € (9v2) v1 %G.—0S

(912) 8 (00g) 9 (9v2) v1 %0562

(Te)e (008) 9 (8s1) 6 %G5>

(0z2) ot (0s2) s (e'92) ST %0

600 1S (%) U 's1s0103N
L0°0 (L) 1e (r'12) ST (¥°56) 9¢ wnauo}Ladowinaud
220 (89 ¢ (000 (o) ¢ seb snouan [eliod
9000 (0'09) ¢z (evT) € (5'8¢) ¢ sisojewnaud

9 (%) v 'sBuiput4 a160jo1pey

600 (7'91) L'6T (geT) 9zt (8ST) ¥'LT 59 (@s ¥ ueaw ‘sAep) 19suo Jo abe D3N

S9.njea asessid D3N

anfeAd | (= N) Ainfuj rejpge@0 oN | (Tz = N) Ainfuj rejpgeed | (G9=N) oL | N

Author Manuscript

Ainlu] Jej|agalad 1noyIIMm pue Ylim Sjuejul ul 8s1n09 aAlleIado-1sod ayl pue uonewsojul D3N

‘¢ dlgeL

Author Manuscript

Author Manuscript

Author Manuscript

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



Page 18

Garg et al.

S9°0 (7'L1) §°81 (§2) Lot (6'vT) 6'LT 29 (@s ¥ uesw ‘sAep) spaay Buness Jo skeq
910 (see) €19 (019 T22L (eor) v99 | 85 (@s ¥ uesw ‘sAep) spaay |ny yoras 0} S L
S9.INJea- [eulISaIU | 9AITe Jodo-1s0d
800 (8'7€) 895 (708) 0'9L (eTr)zes | €9 (@s ¥ ueaw ‘sAep) skep aul| jenuad
180 Tv)ov (re)ge (8€)6°¢ 8y | (As ¥ ueaw Ip/Bu) DIN Jaye $HH3M Z dHD
180 (08) 82 (9en) g8 (s6) 08 Sy | (@S ¥ uesw “Ip/Bu) DIN Jale 398M T didO
980 (0 ve (821) 6'6 (€6) 96 oy | (as ¥ ueaw “Ip/Bu) D3N Jaye sinoy 96 dHO
960 (rer)ger (cen)ver oty zer | vy | (@S ¥ uesw Ip/Bu) OIN Joye SINOY 8 dHD
160 (et gzt (zen) vet (zen)ger 6v | (as ¥ ueaw “Ip/Bu) D3N Jaye sinoy ¥z 44O
€L0 (ce)LL (c8) 89 (68) 'L 95 | (as ¥ ueaw p/Buw) D3N Jo Aep 8yl uo 9O
vL'0 11) 8 (evT) € (ez1) 8 G9 (%) v *sisdas anneBau-welo
7000 (Te) v (62v) 6 (00e) €1 9 (%) v *sisdas annisod-weso
SE0'0 (5'69) S¢ (2'g8) 8T (€'89) £ €9 (%) v 'siseisajoyd
000 (0ge) 1t (619) €T (6'9¢) vz 9 (%) v ‘s1sdas a1nynd poojq aANISOd
s9|gelep sisdes

(sze) et (00e) 9 (L18) 6T [amog |[ewsS pue afie paulquiod

(CraRs (000 (VAR Jamoq abue

(0°59) 9z (0o vt (299) ov [amog |[ews
G0 09 (%) v "parossas [amog o uolfiay
Al (89)¢ (000 (CRK> G9 (%) v *Awoisoj0)
L0°0 (L) e (r'12) ST (¥'98) 9¢ G9 (%) v *Awoysody
99°0 (Tve) 5T (982) 9 (eze) 12 G9 (%) u ‘Awosounfap
€20 (0ge) vT (002) ¥ (00g) 8T 09 (%)  ‘sinoy gt < Je Awojosede]
70 (299) 9z (zos) ot (00 zv 09 (%) u ‘sinoy gy > e Awojo.ede
S9°0 (L'91) €€ (r'12) ST (0's2) 8v 9 (%)  *anjeA [299203)]1 J0 30UBS3Id
80 (0sw) 81 (e€e) L (0Tv) Sz 19 (%) v *uretp asoiudd
¥9'0 (7'22) v'61 (z'ot) Lo1 (7'02) 581 1S (@S ¥ uesw ‘wo) pa3odsal [amog o YibusT]
(000 (oo ¢ (8e)e %G.—-0S
(00) 0 (00g) 9 (eT1) 9 %05-52

aneAd | (7 =N) Ainlu] rejpgeed oN | (T2 =N) Aunfuj sejpged | (G9=N) PeIOL | N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



Page 19

Garg et al.

'G0'0 > d payubis sanfea

o1[e)l pue pjog Jo aoussald ay L "1sa) zX ay) Buisn pajse)} a1am sainseaw [ea110Baled Ul saousIapId 158} SIITEA-TEXSNIM 10 “'WAONY ‘1583 1 & BuIsn palsa) a1am Saunseall SNONUIUOI Ul Sadualayiq “(uonelnsp
paepuels) ueaw se pajuasald aue sa|geLIeA snonunuod pue (sbejusalad) 1Unod se pajussald ale ss|qelieA [ea10Ba1e) "UoNLINU [es8lusled = Nd UI81oid 8AI0E8I-D =d¥D "SIN|000481Us BUIZI0Jd8U =DIN

Author Manuscript

G800 (5°69) 5¢ (Lg8) 8T (e89) e €9 (%) v 'siseIsajoyd

160 (o'sp) 8T (rvv) 8 (8'vv) 92 85 (%) u "aunyred Jeunsau|

€80 (60v) 8T (Tge) 8 (0ov) 9z 59 (%) v *uoneoy|dwod [ealbing

76'0 (Tv1) L'GT (o9t (reT) 8'Gt €9 (@s ¥ uesw ‘sAep) sna|1 aAnesado-isod

20 (T29) €66 (0z9) 81T (6'89) 5'G0T | 99 (as ¥ uesw ‘skep) Nd Jo skeq

a4} (7'16) 2€ (zv8) 9T (6'88) 8 vS (%) U 'spasy [IN§ O JUBWAASIYDY
anfeAd | (v =N)Ainluj rejpgeed oN | (T2 =N) Aunfuj sejpgeled | (G9=N) e1OL | N

Author Manuscript

Author Manuscript

Author Manuscript

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



Page 20

'G0'0 > d payiubis sanjea

21ex pue pjog 4o aouasald ay L ‘153 X ayy Buisn paisal aJam saInseaw [2a1106a1ed Ul S30UsIBYIQ IS8l S, 1| [EM-[BYSNIM 10 “WAONY ‘1531 1 B BuIsn paisa) 819Mm SaINseall SNONUIUO0D Ul $9oualala “(Uoneinsp
pJepuels) ueaw se pajuasaid aJe sajqerieA snonunuod pue (sbejusdlad) Junod se pajussald ale sajgelieA [eauobisre) “Aunyewsid Jo Ayredounal 4Oy Aunful Jaiew alym [ “SBIj090J81Us Buiziioldsu DIN

Garg et al.

€280 w1T) 8 (s6)¢ (gom) L 59 (%) v 'sso] BurreaH
1200 (58¢g) 5T (902) et (z8y) L2 9§ (%) v 'doy
260 (LL1)9%8 (z02) €8 (L1) €98 ¥T | (QS F ueaw) sa102s [BUOIIOWS/[EI0S
L0°0 (rv1) %L (T'T1) 565 (0sn) 1L 148 (as ¥ ueauw) s21005 JOJON
910 (0TT) 0°SL (T'v1) 059 (Ten) LeL 14} (@s ¥ uesw) s8100s aARIUB0D
870 (z6) L9 (281) 029 (z11) 799 148 (as ¥ ueauw) sa100s abenfue
SaW00INO [eIusWdoPABPO INBN

T000'0 (Te) v (2'99) ¥T (L'12) st G9 (%) U ‘(€ 21008) IINM 813A3S
T000'0 (Tve) T (5'06) 6T (e729) ve 59 (9%) v ‘Wssald [INMW Auy
suoisa| Aunful ureuq 1w aly M

anfeAd | (= N) Ainfuj rejpge@0 oN | (Tz = N) Ainfuj rejpgeed | (G9=N) oL | N

Ainluj Jej[agalad INOYIIM pue YIIM SJUBJUI Ul S3WO0IIN0 [eluswdojanspolnaN

‘€ 9|geL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 October 19.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Garg et al.

Associations between Cerebellar Injury on brain injury and candidate covariates

Table 4.

N=59 Odds Ratio 95% ClI P value
Cholestasis 2.2 0.5-10.0 0.30
Patent Ductus Arteriosus 45 1.0-19.9 0.04
Positive Blood Culture Sepsis 3.9 11-137 0.03
Blood Transfusion low sample size due to one group with zero value.
Hemorrhagic lesions on histology 16.9 2.1-1355 0.007
Reparative Change 3.8 0.5-30.9 0.21
Pneumatosis 0.1 0.01-1.13 0.06
PIH 0.28 0.02 -3.64 0.32
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