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Often seen as a transient renal problem, not as a multisystemic insult
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Objectives of the Study

o To evaluate the association between birth weight and the risk of neonatal acute kidney injury (AKI).

e To compare head circumference (HC) growth trajectories between neonates with and without AKI as

an early neurodevelopmental marker.

e To assess neurodevelopmental and structural outcomes using Bayley Scales of Infant and Toddler

development and brain MRI findings in infants with AKI.

0 To determine the incidence of hard clinical endpoints, including cerebral palsy (CP) and

neurodevelopmental impairment (NDI), among survivors of neonatal AKI.



Method

Keywords dan MeSH Terms

Neonate* OR Neonatal OR Newborn* OR

Neonates Infant*
AND
AKI OR ARF OR "Acute Kidney Injury*” OR
“Acute Renal Injury*” OR “Acute Kidney
Acute Failure*” OR “ “Acute Renal Failure” OR “Acute
Kidney Renal Insufficiency*” OR “Acute Kidney
i Insufficiency*” OR “Kidney Injury*” OR “Renal
Il ¢ Injury*” OR “Renal Dysfunction” OR “Kidney

disfunction” OR “Acute Kidney Disease*” OR
“Acute Renal Disease*”

Meta-analysis was performed using a bivariate random-

effects model (REML) in R Studio and heterogeneity was

assessed using I°.

Inclusion Criterias

Clinical studies involving neonates or infants with
acute kidney injury (AKI).

Studies reporting head circumference (HC), Bayley
Scales of Infant Development, neurodevelopmental
impairment (NDI), cerebral palsy, or brain MRI
outcomes in neonates with AKI.

Exclusion Criterias

0 Comorbid patients
Studies with insufficient data,
(including lack of: quantitative outcome

measurements & follow-up data)

e Review articles or non-clinical studies.
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No.

10

1

12

Title_Year

Gupta_2024

Chen_2023

Chowdhary_2017

Turner_2024

Yen_2024

Pande_2024

Pande_2022

Gallo_2021

Sarkar_2014
Cavallin_2020

Mouqdad_2022

Maqgsood_2017

Country

India

Taiwan

USA

USA

Taiwan

USA

USA

Belanda

USA

India

Saudi Arabia

USA

Characteristic of Included Studies

Study Design

cross-sectional

longitudinal follow-up cohort
retrospective

retrospective cohort

multicenter prospective cohort

retrospective case control

observational retrospective cohort

single-center
retrospective cohort
retrospective cohort

observational retrospective cohort
observational prospective cohort

retrospective cohort

retrospective case control

74

154

223

12

51

62

62

42

34

10

36

110

n patient
Non-AKI

348

578

178

45

103

141

141

54

91

80

113

Total

422

732

401

97

154

203

203

42

88

101

116

222

AKI
Diagnosis
Modified KDIGO

Modified KDIGO
Modified KDIGO

Modified KDIGO

Modified KDIGO

Modified KDIGO

Modified KDIGO

NIDDK

Modified KDIGO
Modified KDIGO

Modified KDIGO

Modified KDIGO

AKI Etiology

metabolic imbalance (dyselectrolytemia,
hypoglycemia), hypoxic-ischemic
changes (birth asphyxia), hemorrhage,
meningitis, and hyperbilirubinemia
hypotension, sepsis

kidney immaturity, critical illness,
olyguria

hypoxic-ischemic encephalopathy (HIE)

perinatal asphyia, brain insult, non-
congenital urologic anomalies,
bronchopulmonary dysplasia
congenital heart disease surgery

congenital heart disease surgery

perinatal asphyxia, CAKUT, congenital
heart diseae, sepsis, PDA, CAKUT,
perinatal asphyxia, hypothermia,
nefrotoxic drugs

perinatal asphyxia

hypoxic-ischemic encephalopathy (HIE)

Prematurity, sepsis, IVH, NEC,
hemodinamic problem
Sepsis, asphyxia

Follow Up
Duration

at admission

6, 12, 24 months

9 months

at admission

6, 12, 24 months

20 months

20 months

24 months

7-10 days

12, 24 months

at admission




Study AKI n AKI Mean non-AKI n non-AKI Mean Mean Difference MD 95%-Cl Weight P

Gupta_2024 74 2288 348 2639 —l— -351.40 [-482.69; -220.11] 10.0%
Chen_2023 154 850 578 1023 —— -173.00 [-261.87; -84.13] 12.2%
Chowdhary_2017 223 744 178 744 : 0.00 [-30.73; 30.73] 14.7% H
Turner_2024 57 3305 45 3410 -105.00 [-340.04; 130.04] 5.7%
Yen_2024 51 1880 103 1910 -30.00 [-336.65; 276.65] 4.0%
Pande_2024 62 3100 141 3100 0.00 [-179.20; 179.20] 7.7%
Pande_2022 62 3100 141 3100 0.00 [-179.20; 179.20] 7.7%
Cavallin_2020 10 3290 91 3290 0.00 [-123.08; 123.08] 10.4%
Mouqdad_2022 36 990 80 1055 -65.00 [-134.98; 4.98] 13.2%
Magsood_2017 110 763 113 813 -50.00 [-86.10; -13.90] 14.5%
Random effects model 839 1818 -79.13 [-150.34; -7.93] 100.0%

Heterogeneity: I? = 76.7%, ©° = 8755.4538, p <0.0001 ! ! ! ! !
-400 -200 O 200 400

Mean Difference in Birth Weight (grams)

AKI had a significantly lower mean birth weight compared to those without AKI
Mean different: =79.13 grams (—-150.34 to —7.93; p < 0.05)



Experimental

2 Forrest Plot: Mean Differences in Head Circumference (HC)

Control

Study N AKI Mean AKI SD AKI N Non-AKI Mean Non-AKI SD Non-AKI Mean Difference MD 95%-Cl Weight
Follow Up
followup = 0 day
Chen_2023 154 2140 2.4050 578 24.02 1.9600 -2.62 [-3.03;-2.21] 8.8%
Baseline Chowdhary 2017 223 22,23 2.4700 173 23.60 1.8000 -1.37 [-1.79;-0.95] 8.8%
Yen_2024 51 29.60 4.1000 103 29.30 4.3000 0.30 [-1.10; 1.70] 6.4%
Magsood_2017 110 22.70 1.9100 113 23.70 1.5000 -1.00 [-1.45;-0.55] 8.8%
Random effects model 538 967 . -1.32 [-2.26; -0.37] 32.8%
Heterogeneity: [ = 92.2%, % = 0.7953, p < 0.0001
followup = 6 months
Chen_2023 154 23.08 2.1650 578 25.14 1.6800 : -2.06 [-2.43;-169] 8.9%
6 months Yen_2024 51 40.50 2.2000 103 42.00 1.6000 -1.50 [-2.18;-0.82] 8.3%
Random effects model 205 681 5 -1.86 [-2.38; -1.33] 17.2%
Heterogeneity: I° = 50.5%, t* = 0.0793, p = 0.1550 ;
followup = 9 months
9 months Chowdhary_2017 223 33.33 3.3300 178 32.00 3.0000 1.33 [0.71; 1.95] 85%
followup = 12 months
Chen_2023 154 22,66 2.3150 578 24.86 1.6800 -2.20 [-2.59;-1.81] 8.9%
Yen_2024 51 43,50 2.2000 103 4470 4.6000 - -1.20 [-2.27,-0.13] 7.3%
12 months Magsood_2017 110 33.35 3.2400 113 32.30 2.5000 ; 1.05 [0.29; 1.81] 8.1%
Random effects model 315 794 —_— -0.79 [-2.95; 1.36] 24.3%
Heterogeneity: 17 = 96.4%, v° = 3.4616, p < 0.0001 ;
followup = 24 months
Chen_2023 154 22.59 2.3100 578 24.86 1.6800 8.9%
24 months Yen_2024 51 4580 2.2000 103 47.30 1.8000 8.3%
Random effects model 205 681 17.2%
Heterogeneity: 12=72%,+*=0.2135, p = 0.0587
Random effects model 1486 3301 -1.14 [-1.78; -0.50] 100.0%
Heterogeneity: I = 94.4%, v* = 1.1710, p < 0.0001 ' o I |
Test for subgroup differences: %* = 70.38, df = 4 (p < 0.0001) 3 -2 -1 0 1 2 3

Mean Difference in Head Circumference (cm)

Neonates with AKI consistently exhibited smaller head circumferences compared to non-AKil,
beginning from birth (MD = -1.32 cm) up to 24 months of age (MD = -1.94 cm, p < 0.0001).



Forrest Plot: Bayley Scales Infant Development

Experimental Control Weight Weight
. Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
3 Domains

domain = Cognitive ::
e Pande_2022 27 62 48 141 T 1.28 [0.89; 1.84] 10.9% 11.3%
Cognltlve Chen_2023 19 90 44 483 :§ ——8%—— 2.32 [1.42;3.78] 6.1% 8.6%
Yen_2024 29 59 56 103 —-'——:~ 0.90 [0.66; 1.24] 14.7% 12.6%
Common effect model 211 727 <> 1.22 [0.99; 1.51] 31.7% .
Random effects model <|i> 1.35 [0.82; 2.22] . 32.6%

Heterogeneity: 1% = 80.4%, t* = 0.1550, p = 0.0061 :;

4

Motor domain = Motor 4
Pande_2024 28 62 43 141 —|L+— 1.48 [1.02; 2.15] 10.6% 11.2%
Pande_2022 17 62 29 141 ——:-0-— 1.33 [0.79; 2.24] 5.4% 8.1%
Yen_2024 29 59 56 103 — 0.90 [0.66; 1.24] 14.7% 12.6%
Common effect model 183 385 g 1.15 [0.92; 1.43] 30.7% .
Random effects model 1.18 [0.85; 1.65] . 31.9%

Heterogeneity: /7 = 54.1%, t* = 0.0468, p = 0.1134 :§

K

Languange domain = Language :
Pande_2024 28 62 39 141 T 1.63 [1.11;2.39] 9.9%  10.9%
Pande_2022 30 62 52 141 1+ 1.31 [0.94; 1.84] 12.9%  12.0%
Yen_2024 29 59 56 103 ——0-—|L 0.90 [0.66; 1.24] 14.7% 12.6%
Common effect model 183 385 <> 1.20 [0.99; 1.46] 37.5% 3
Random effects model <i> 1.23 [0.88; 1.73] 7 35.5%

Heterogeneity: /% = 66%, ©° = 0.0594, p = 0.0528 :

"

R
Common effect model 577 1497 <> 1.19 [1.06; 1.34] 100.0% .
Random effects model : <> | 1.24 [1.02; 1.51] . 100.0%

Heterogeneity: /% = 61.1%, 1 = 0.0542, p = 0.0083 0.5 1 2

Test for subgroup differences (common effect): ,; =0.17,df =2 (p = 0.9187)
Test for subgroup differences (random effects): Z§ =0.18,df=2 (p =0.9137)

Neonates with AKI showed a significantly higher risk of developmental delay
compared to those without AKI (Relative Risk [RR] = 1.24; 95% CI: 1.02-1.51)
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4 Forrest Plot: Neurodevelopmental Impairment (NDI)

Follow Up

20 months

24 months

Experimental Control
Study Events Total Events Total
followup = 20 months
Pande_2022 38 62 73 141
followup = 24 months
Chen_2023 28 91 69 484
Yen 2024 33 81 26 103
Common effect model 142 587

Random effects model
Heterogeneity: 1 =0%, =0, p =0.5343

Common effect model 204
Random effects model

Heterogeneity: I? = 85.1%, 1° = 0.1681, p= 00012

728

Weight Weight

Risk Ratio RR 95%-Cl (common) (random)

——p—— .

1.18 [0.92; 1.53] 53.3% 35.8%

S—#— 2.16 [1.48;3.19] 24.1% 32.3%
| +—— 2.56 [1.74; 3.78] 22.7% 31.9%
: == 2.35 [1.79; 3.08] 46.7% .
: *<> 2.35 [1.79; 3.08] ; 64.2%
F

I

l
0.5

1

Test for subgroup differences (common effect): /} =13.02, df =1 (p = 0.0003)
Test for subgroup differences (random effects): 7 = 13.02, df = 1 (p = 0.0003)

< - :
——__— |1.84 [1.11; 3.04] . 100.0%
|
2

NDI was significantly more prevalent in neonates with AKI compared to
non-AKIl (RR = 1.84; 95% CI: 1.11-3.04)



5 Forrest Plot: Cerebral Palsy Incidence

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
followup = 24 months :
Chen_2023 7 N 18 484 T 2.07 [0.89; 4.81] 87.6% 87.6%
Yen_2024 3 51 1 103 : + 6.06 [0.65; 56.81] 12.4% 12.4%
Common effect model 142 587 <= 2.36 [1.07; 5.21] 100.0% :
Random effects model <> 2.36 [1.07; 5.21] . 100.0%
Heterogeneity: 12 = 0%, =0, p =0.3785 :
|
I
Common effect model 142 587 <az 2.36_[1.07: 5.21] 100.0% .
Random effects model I ] <I> l |2_36 [1.07; 5.21] . 100.0%|

Heterogeneity: /2 = 0.0%, v = 0, p = 0.3785 01 051 2 10
Test for subgroup differences (common effect): 7‘; =0.00,df =0 (p = NA)
Test for subgroup differences (random effects): 5 = 0.00, df = 0 (p = NA)

Cerebral palsy was more than twice as likely to occur in neonates with AKI compared with those
without AKI (RR =2.36; 95% CI: 1.07-5.21)
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6 Forrest Plot: Abnormal Brain MRI Findings

Study MRI Abnormal Total AKI
Gupta_2024 48 74
Sarkar 2013 25 34
Turner_2024 4 17
Mouqgdad_2022 23 36

Random effects model

Heterogeneity: I° = 46.7%, > = 0.1159, p = 0.1309

Proportion

— 0.65

o 0.74
= § 0.33
-+ 0.64

95%-Cl Weight

[0.53;0.76] 36.3%
[0.56; 0.87] 23.8%
[0.10; 0.65] 13.0%
[0.46;0.79] 26.9%

il 0.63

[0.51; 0.74] 100.0%

I [ | I [ [ I I

0.10203040.5060.70.8

Proportion (95% CI)

More than half of neonates with AKI exhibit detectable structural brain abnormalities on MRI
Pooled propotion: 63% (95% Cl: 51%-74%, I’ = 46.7%)



KIDNEY BRAIN AXIS
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1Gupta et al., 2024; 2Sarkar et al., 2013; 3Turner et al., 2024; *Pande et al., 2022



WHAT SHOULD WE DO?

0 Early Neurodevelopmental Screening

0 -2 Weeks 1- 3 Months 32 & 40 Weeks
___________________ TR Yy T T E T /
* Early r-lrggg’cz?::lj:r:?arence ’ General movements ): Structural monitoring |
___________________ J i s e RO Y, e e SR \

Tool: Hammersmith A Il 32 weeks: EEG )I'

Tool: general movement
assessment (GMA)

Neonatal Neurological 40 weeks: MRI otak

Examination (HNNE)

3, 6,12, 24 Months

e 0ptimal 8upportive Care e Integrated Multidisciplinary
Nephrologist
4 Pediatrician
/ Neurologist
N A Nutritionists



Conclusion

Recommendation

o Neonates with AKI had significantly lower birth weights (MD o Long-term, prospective, multicenter

—79 gram), indicating that growth-restricted and
physiologically immature infants are at greater risk of
developing AKI.

9 Across 0—24 months, infants with AKI consistently
demonstrated smaller head circumference, with the largest
deficit at 24 months (MD -1.94 cm), reflecting sustained
impairment in early brain growth.

e AKI was associated with higher risks of cognitive, language,
and motor delays (overall RR 1.24), and infants showed
brain MRI abnormalities involving gray matter, white matter,
deep nuclei, cerebellum, and myelination pathways.

o By 20—24 months, AKI survivors had significantly higher
incidences of neurodevelopmental impairment (RR 1.84)
and cerebral palsy (RR 2.36), underscoring AKI as a major
determinant of long-term neurologic morbidity.

cohorts across diverse populations

9 Integration of kidney—brain biomarkers

(including NGAL, cystatin C, troponin, and
inflammatory or metabolic markers)

e Advanced neuroimaging and

mechanistic studies
(high-resolution MR, diffusion metrics, and
perfusion imaging)
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This is the crucial moments that we don’t
want any mother to feel the heartbreak of
watching her child fall behind.

THANK YOU
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Characteristic of Included Studies -
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Scatter Plot of Age and Birth Weight in Neonates with AKI
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Figure 3. Scatter plot of the relationship between age at onset of AKI and birth weight in neonates.
Each dot represents a single study, with the size of the bubble reflecting the number of neonates with AKI reported in that study.



Table 2 Indications for neonatal brain MRI.

Condition

Indications

Optimal timing of
imaging

Special sequences (in
addition to basic
protocol [Table 1])

Acute encephalopathy
(other than HIE) or
seizures of unknown
etiology

Hypoxic-ischemic
encephalopathy

Neonatal ischemic stroke

Cerebral venous
thrombosis

Cerebral venous sinus
thrombosis

Meningoencephalitis

All patients

All patients treated with TH
Neonates with mild HIE with
an atypical presentation or
abnormal CUS findings

Clinical presentation (clonic
seizure or apnea)
Suggestive sonographic
findings (increased
echogenicity corresponding
to a vascular territory)

Clinical presentation
Suggestive sonographic
findings

Clinical presentation
Suggestive sonographic
findings (especially
intraventricular
hemorrhage, thalamic
hemorrhage or white
matter involvement)

Abnormal or suggestive
findings on CUS Complicated
course

As soon as possible

Optimal: 4—7 days post
birth Valid: 4—14 days
post birth Early (2—4
days) if redirection of
care is considered

Within a week of onset

Within a week of onset

As soon as possible after
suspecting the condition
if treatment with
anticoagulants is
considered. No
anticoagulation: 5—7
days later to assess
progression and
delineate associated
parenchymal lesions. If
anticoagulation:
consider monitoring to
discontinue treatment at
6 weeks and, if thrombus
persists, at 12 weeks
Depending on clinical
and sonographic features
If viral infection is
suspected: first week
(repeating 2—3 weeks
later if initial results
were abnormal)

MRS in all cases

Consider MRS,
voxel-based mapping of
BGT T2-axial:

2 mm-thick slices needed
for visualization of
mammillary bodies
Cerebral and cervical
non-contrast MR
angiography (3D-TOF) to
assess for carotid artery
dissection, occlusion or
stenosis of large or
medium vessels or
vascular anomalies SWI
allows detection of clots
SWI allows visualization
of congested small
cerebral veins and
isolated congestion or
thrombosis of deep
medullary veins and
superficial cerebral veins
Phase-contrast MR
venography (if CVST is
suspected)

SWI allows visualization
of intraluminal clot;
significant asymmetries
in vascular perfusion
Venogram: assessment of
venous flow

Table 2 (Continued)

Condition

Indications

Optimal timing of imaging

Special sequences (in
addition to basic
protocol [Table 1])

Congenital heart disease

Congenital
cytomegalovirus
infection

Neurometabolic disease

Hypoglycemia

Hyperbilirubinemia

Suspected CNS structural
anomaly

Neurologic manifestations
Abnormal or suggestive
findings in CUS. Consider

after extracorporeal surgery

Infection acquired during
the first trimester of
pregnancy Symptomatic
infection (including
neonates with isolated CNS
infection) Neonates with
abnormal CUS findings
(lenticulostriate
vasculopathy,
ventriculomegaly,
intraventricular septations,
subependymal,

periventricular or temporal

cysts, abnormal white

matter echogenicity, corpus

callosum dysgenesis)
In every case

Neurologic dysfunction
(encephalopathy, seizures)
Sonographic findings
suggestive of injury

Acute neurologic
manifestations Consider on
a case-to-case basis if
persistent severe
hyperbilirubinemia
requiring exchange
transfusion or abnormal
evoked potentials
Neurologic manifestations,
craniofacial features
Suggestive sonographic
findings

As soon as the patient’s
condition allows

Urgent if there are doubts
whether or not to start
treatment As soon as
possible in all other cases

As soon as possible after it
is suspected

Within 2 weeks

At term-equivalent age
Repeat at around 6—9
months in case of normal or
uncertain neonatal MRI and
abnormal psychomotor
development

Whenever possible Consider
repeating later if there is
uncertainty, especially in
case of suspected cortical
development abnormalities
or in preterm infants.

SWI and GRE: make it
easier to visualize
calcifications

MRS: single-voxel
spectroscopy with a
short TE can detect
metabolites at low
concentrations. Place
the voxel in acute
lesions with restricted
restriction and in the
BGT and, optionally, the
parietal WM or
mid-parietal gray
matter. Avoid areas with
chronic lesions
secondary necrosis,
hemorrhage or
calcifications.

Consider including
non-contrast enhanced
MR angiography of the
brain



Table 3 Magnetic resonance imaging findings in HIE and correlation with neurodevelopmental outcomes.

Sequences

Anatomical region

Assessment

Prognostic correlation

Conventional and
diffusion MRI
Qualitative and
systematic
assessment of the
following structures

Spectroscopy Single

voxel Short TE (35 ms)

Basal ganglia and
thalamus

Posterior limb of
internal capsule

Brainstem

White matter and
cortex

Mammillary bodies

Basal
ganglia-thalamus

Assess for potential injury and
its extension

Assess for appropriate
myelination for gestational
age.

Assess involvement and extent
of injury

Assess for abnormalities in
signal intensity, whether they
are focal or diffuse, and their
extent

Assess whether there is an
increase in signal intensity in
the axial or coronal
T2-weighted images (requires
2 mm slice thickness).
Lactate-threonine/NAA levels
correlate to
neurodevelopmental outcomes
at age 2 years

The presence and severity of injury is
associated with the risk and severity
of motor impairment

Abnormal myelination is a highly
sensitive risk factor for motor
impairment

Increases the severity of motor
problems and is associated with an
increased mortality

White matter injury increases the risk
of visual, cognitive and behavioral
problems. When it is very extensive,
it is associated with mild CP.

Injury in the mammillary bodies
increases the risk of learning and
memory problems in school-aged
children, even when the rest of the
structures appear normal in the MRI
Values equal to or greater than 0.39
for lactate/NAA have been found to
offer: - Sen 100% and Spe 97% for
predicting motor impairment - Sen
90% and Spe 97% for predicting
cognitive impairment - Sen 81% and
Spe 97% for predicting language
disorder

Abbreviations: CP, cerebral palsy; HIE, hypoxic-ischemic encephalopathy; MR, magnetic resonance; NAA, N-acetyl-aspartate; Sen, sen-
sitivity; Spe, specificity; TE, time to echo.
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