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Abstract
Background Infants and toddlers with kidney failure are susceptible to neurodevelopmental delays due to medical comor-
bidities and rapid brain development in early childhood. However, research on the neuropsychological development of this 
patient population has been limited over the past 10 years.
Methods We performed a retrospective study to evaluate the neurodevelopmental functioning of infants/toddlers with kidney 
failure who completed the Bayley Scales of Infant and Toddler Development (3rd and 4th Edition) as part of a pretransplant 
evaluation between 2010 and 2022 (n = 23; Mage = 18 months, SD = 8.53; 16 males) using t-tests, linear model, and Pearson 
correlations.
Results Mean Bayley scores of participants were below normative means for cognition (M = 86.74, 95% CI = 80.53–92.94, 
p < 0.001), language (M = 79.20, 95% CI = 73.32–85.08, p < 0.001), and motor (M = 78.00, 95% CI = 70.15–85.85, p < 0.001) 
domains. After adjusting for prematurity and epilepsy, patients on dialysis had significantly lower cognitive (78.7 vs. 93.8; 
p = 0.001) and motor scores (67.1 vs. 85.5; p = 0.01) compared to no dialysis. Pretransplant cognitive scores were positively 
correlated with posttransplant Full-Scale IQ (r(8) = 0.65 p = 0.04), verbal comprehension (r(8) = 0.75 p = 0.02), and fluid 
reasoning (r(7) = 0.68 p = 0.045). Similarly, pretransplant language scores were positively correlated with posttransplant 
Full-Scale IQ (r(7) = 0.74 p = 0.03) and verbal comprehension (r(7) = 0.73 p = 0.03). Of the 16 participants who reached 
age > 5 years during the study period, seven were diagnosed with a neurodevelopmental disorder, including three with autism 
spectrum disorder.
Conclusions Infants and toddlers with kidney failure are at risk of developmental delays and later neurodevelopmental dis-
orders. Dialysis is associated with cognitive and motor delays independent of prematurity and epilepsy.
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Background

Infants have the highest incidence of kidney failure in the 
USA, with 27 cases per million. This is in contrast to 8 cases 
per million for children 1–12 years of age and 16 cases per 
million people for those 13–17 years of age [1]. Despite 
substantial improvements in kidney failure outcomes due to 
advances in kidney transplantation [2], there remain unique 
neurodevelopmental challenges for infants and toddlers due 
to their higher medical comorbidities and rapidly developing 
brains. The rapid formation and pruning of neural synapses 
during these early years make infants and toddlers particu-
larly vulnerable to early experiences and medical insults [3]. 
Since infant brains reach 70% of adult volume by 1 year of 
age and 80% by 2 years [4], kidney failure in infancy and 
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toddlerhood poses a significant threat to the typical neurode-
velopmental trajectory.

Infancy and toddlerhood are dynamic periods of motor, 
language, and cognitive development [5], and early insults 
may hinder progress in these developmental domains. Rec-
ognizing the importance of early assessment, the Kidney 
Disease Improving Global Outcomes (KDIGO) guide-
lines recommend neurocognitive assessment for pediatric 
kidney transplant candidates who develop kidney failure 
before 5 years of age [6]. However, the available literature 
delineating neurodevelopmental characteristics of children 
with kidney disease is limited and largely outdated [7–12]. 
Furthermore, existing studies vary in study design and neu-
rodevelopment assessment methodology, limiting compari-
sons and specific conclusions. A recent study by Popel et al. 
(2019), including 15 children with kidney transplants before 
5 years of age, and a study by Lullmann et al. (2023), involv-
ing 10 kidney transplant recipients assessed at a mean age 
of ~ 10 years, suggest that neurodevelopmental profiles of 
children with kidney failure today may differ from those 
observed 20–30 years ago [13, 14]. The studies by Popel 
and Lullmann underscore the necessity of current studies to 
characterize the neurodevelopmental profiles of children in 
the modern era.

The primary objective of the current study was to char-
acterize the developmental functioning domains of infants 
and toddlers awaiting a kidney transplant using widely rec-
ognized and validated neurodevelopmental assessment tools, 
as there are no recent studies within this age group, which 
is most susceptible to neurocognitive deficits. We aimed to 
include the domains of language and motor functioning in 
our evaluation, given that previous research has focused on 
describing cognitive functioning deficits. This study also 
aimed to contextualize neurodevelopmental functioning in 
the population by investigating the effects of medical comor-
bidities and exploring the predictability of future function-
ing. Considering the effects of early medical insults on neu-
rodevelopment, we hypothesized that infants and toddlers 
awaiting a kidney transplant would have lower cognitive, 
language, and motor-standardized scores compared to the 
normative means. We also hypothesized that medical comor-
bidities such as epilepsy, prematurity, and dialysis would 
negatively affect cognitive, language, and motor perfor-
mances. In addition, we hypothesized that these early cog-
nitive performances would predict future intellectual testing 
performance after the kidney transplant. Understanding the 
neurodevelopmental profiles of infants and toddlers and the 
context in which they occur would inform neurodevelop-
mental surveillance guidelines, enabling early interventions 
to optimize outcomes. This is vital as early neurocognitive 
insults may exert profound and lasting effects on overall 
neurocognitive trajectories, resulting in significant financial 
burdens for both patients and the healthcare system.

Methods

Procedures

The Institutional Review Board (IRB) at the University of 
Minnesota approved this retrospective study.

Data source

We conducted an electronic medical record review to obtain 
data on infants and toddlers who were referred for neuropsy-
chological evaluations within the MHealth Fairview Health 
Care System in Minneapolis, MN, USA, between January 
2010 and October 2022, as part of their kidney transplant 
evaluation.

Study participants

Twenty-five infants and toddlers with kidney failure between 
ages 0 and 2 years (Mage = 17.44 months, SD = 8.44) were 
referred for a pre-transplant neuropsychological evaluation 
as part of their pre-transplant workup per the institutional 
protocol. However, two patients completed parent inter-
views and parent report measures only and did not complete 
performance-based assessments resulting in their exclusion 
from the analyses. Eight (Mage-pre = 20 months, SD = 9.49) 
of the 23 patients included in the study had a post-transplant 
neuropsychological evaluation (Mage-post = 80.75 months 
(i.e., 6.73 years), SD = 30.65).

Study variables

The neuropsychological measures used for this investiga-
tion (described below) were guided by clinical indications 
or determined by pediatric neuropsychologists or pediatric 
psychologists with specialty training in neuropsychological 
assessment. In addition to the neuropsychological variables, 
we retrieved information on demographic variables, dialysis, 
history of prematurity, and history of epilepsy. Given that 
neurodevelopmental diagnoses are usually not assigned to 
infants and toddlers, neurodevelopmental diagnoses later in 
life (i.e., age older than five years) were also retrieved from 
the medical chart.

Measures

The primary neuropsychological outcome of interest was 
infant and toddler development, which was assessed using 
The Bayley Scales of Infant and Toddler Development – 3rd 
Edition (Bayley-3) [15] and Bayley Scales of Infant and Tod-
dler Development – 4th Edition (Bayley-4) [16], depending 
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on which measure was current at the time of testing. Meas-
ures were administered by experienced pediatric psycholo-
gists, pediatric neuropsychologists, psychometrists with 
training and experience administering these measures to 
clinical populations, or post-doctoral fellows in pediatric 
psychology and pediatric neuropsychology under the super-
vision of a licensed clinical psychologist.

The Bayley Scales of Infant and Toddler Development 
are standardized tests designed to assess the developmen-
tal functioning of infants and toddlers aged 1 month to 
42 months. They include three composite index scores in the 
areas of cognitive, language, and motor functioning, which 
are provided as standard scores (M = 100, SD = 15). Subtest 
performances are provided as scaled scores (M = 10, SD = 3) 
and age-equivalents. The cognitive composite index is based 
on one subtest and assesses a child’s ability to perceive, pro-
cess, and respond to environmental stimuli. The language 
composite index consists of two subtests evaluating a child’s 
receptive and expressive language skills. The motor com-
posite index also consists of two subtests assessing a child’s 
gross and fine motor skills. The Bayley-3 and Bayley-4 are 
widely used in clinical and research settings to evaluate 
infants’ and toddlers’ developmental abilities, to monitor 
developmental progress, and to inform age-appropriate inter-
ventions. These measures have shown high reliability and 
validity (Bayley-3: test–retest reliability coefficients range 
from 0.55 to 0.92; internal consistency coefficients range 
from 0.67 to 0.98; concurrent validity coefficients range 
from 0.35 to 0.80; predictive validity coefficients range from 
0.21 to 0.82 [15]; Bayley-4: test–retest reliability coefficients 
range from 0.69 to 0.93; internal consistency coefficients 
range from 0.70 to 0.98; concurrent validity coefficients 
range from 0.30 to 0.80; predictive validity coefficients 
range from 0.26 to 0.82 [16]).

For the subset of study population who underwent post-
transplant neuropsychological testing, age-appropriate meas-
ures of intellectual functioning were administered per clini-
cal standards (The Wechsler Preschool and Primary Scale 
of Intelligence (WPPSI) and the Wechsler Intelligence Scale 
for Children (WISC)). Both are widely used psychological 
assessment tools for measuring cognitive abilities in children 
and demonstrate high reliability and strong validity [17, 18].

Data analysis

Patient characteristics were summarized using means and 
standard deviations or frequencies and percentages. One-
sample t-tests compared the sample mean Bayley standard 
scores for each of the composite indexes (i.e., cognitive, 
language, and motor) to the normative mean, while paired 
samples t-tests compared scores across composite indexes. 
The frequency of patients who had delays and impairments 
in the development of skill areas was also calculated. A 

delay was defined as a score of > 1 standard deviation below 
the normative mean (i.e., a standard score of less than 85) 
and an impairment was defined as > 2 standard deviations 
below the normative mean (i.e., a standard score of less than 
70). The relationships between Bayley standard scores and 
cause of kidney disease and age at start of dialysis were 
examined using linear models. The relationships between 
Bayley standard scores and medical comorbidities (history 
of epilepsy, gestational age at birth, and current dialysis 
treatment) were examined using linear models, including 
dialysis, epilepsy, and gestational age at birth as covariates. 
Model results are reported using estimated marginal means 
with 95% confidence intervals by the dialysis group and 
adjusted for epilepsy and gestational age at birth. Pearson 
correlation coefficients were computed in a subgroup of 8 
participants with post-transplant testing to assess the rela-
tions between developmental skills as an infant/toddler and 
cognitive performance after receiving a kidney transplant. 
For participants who were at least five years of age at the 
time of this study (n = 16), neurodevelopmental diagnoses 
were examined to determine neurodevelopmental outcomes. 
Analyses were performed using the Statistical Package for 
the Social Sciences (SPSS) version 25 and R version 4.2.2 
[19]. A two-sided p-value less than 0.05 was regarded as 
statistically significant.

Results

Study participants’ characteristics

Table 1 presents the demographic characteristics of the study 
participants. The majority of participants spoke English 
(91%; n = 21). The most common medical comorbidity in 
the study cohort was prematurity (i.e., < 37 weeks gestation; 
61%; n = 14). Only one patient was very premature at birth 
(i.e., < 32 weeks). Four participants (17%) had diagnoses of 
epilepsy prior to the transplant. Eleven participants (44%) 
were on chronic dialysis at the time of the neurodevelopmen-
tal assessment. Five patients (22%) started dialysis after the 
neuropsychological evaluation but prior to the transplant.

Neurodevelopmental profile of infants and toddlers 
awaiting a kidney transplant

Compared to the normative mean scores (M = 100, SD = 15), 
the study cohort’s mean scores were significantly lower for 
cognitive (M = 86.74, 95% CI = 80.53–92.94, p < 0.001), 
language (M = 79.20, 95% CI = 73.32–85.08, p < 0.001), 
and motor (M = 78.00, 95% CI = 70.15–85.85, p < 0.001) 
domains on the Bayley. Regarding specific domains, mean 
language (79.20 vs. 86.74; p = 0.005) and motor standard 
scores (78.0 vs. 86.74; p = 0.005) were each significantly 
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lower than the mean cognitive standard scores; however, 
language and motor standard scores were not significantly 
different from each other (79.20 vs. 78.0; p = 0.49).

Figure 1 presents age equivalents for cognitive, receptive 
language, expressive language, fine motor, and gross motor 
domains in relation to the chronological age of the study 
participants. As illustrated, the testing age equivalent was 
below the chronological age for most participants in all five 
domains. Notably, the difference was most pronounced for 
receptive language and gross motor skills.

Developmental delays were more common in language 
and motor skills; six patients (26%) had delays in cognitive 
skills, 13 patients (65%) had delays in language skills, and 
12 patients (57%) had delays in motor skills. When using the 
more stringent criteria for impairment, three patients (13%) 
had a cognitive impairment, 6 patients (30%) had a language 
impairment, and six patients (29%) had a motor impairment 
for age. Figure 2 presents the proportion of patients with 
delay or impairment in one or more domains. As illustrated, 

13% of patients (n = 3) had impaired scores across all devel-
opmental domains assessed by the Bayley. Notably, these 
three patients had a history of epilepsy.

Effects of dialysis on neurodevelopmental profile

Within the group of patients on dialysis prior to the eval-
uation (n = 11), the length of dialysis at the time of neu-
ropsychological evaluation was significantly correlated 
with the delay by months in the cognitive performance 
(r = 0.77, p = 0.009). However, we observed no statistically 
significant correlation between the length of dialysis and 
the delay by months in language and motor performances 
(Fig. 3). After adjusting for gestational age at birth and epi-
lepsy status, patients on dialysis at the time of evaluation 
had significantly lower mean cognitive scores (78.7 (95% 
CI = 72.9–84.5) vs. 93.8 (95% CI = 88.6–99.0); p = 0.001) 
and mean motor scores (67.1 (95% CI = 57.5–76.6) vs. 85.5 
(95% CI = 76.9–94.1); p = 0.01) compared to those not on 

Table 1  Baseline characteristics 
of study participants (n = 23)

Variable Mean (SD) Frequency (%)

Age at pre-transplant evaluation (months) 18 (8.53)
Age of transplant referral (months) 17 (11.73)
Length of dialysis at time of evaluation (months) 12 (7.24)
Cause of kidney failure

  CAKUT 16 (70)
  Polycystic kidney disease 1 (4)
  Congenital nephrotic syndrome 2 (9)
  Other 4 (17)

Dialysis length category (n = 11)
  Dialysis for < 1 year 5 (45)
  Dialysis for > 1 year 6 (55)

Dialysis type at time of evaluation (n = 11)
  Hemodialysis 2 (18)
  Peritoneal dialysis 7 (64)
  Hemodialysis and peritoneal dialysis 2 (18)

Weeks’ gestation 36.32 (2.63)
Full term (≥ 37 weeks) 9 (39)
32 weeks through < 37 weeks 13 (57)
 < 32 weeks 1 (4)
Sex assigned at birth

  Male 16 (70)
  Female 7 (30)

Race/ethnicity
  American Indian or Alaska Native 4 (17.5)
  Black or African American 4 (17.5)
  White 15 (65)

Intervention participation at time of evaluation
  Physical therapy 7 (30)
  Occupational therapy 9 (39)
  Speech/language therapy 6 (26)
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Fig. 1  Mean Bayley age equivalents for each skill area for infants and toddlers with kidney failure. The mean chronological age of the study par-
ticipants was 17.00 months
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Fig. 2  Distribution of neurodevelopmental delays and impairment in infants and toddlers with kidney failure
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dialysis. The mean language scores were also lower for 
patients on dialysis compared to those not on dialysis, how-
ever, the difference did not achieve statistical significance 
(73.6 (95% CI = 65.9–81.3) vs. 83.8 (95% CI = 76.8–90.7); 
p = 0.06) (Table 2) (Fig. 4).

Effect of age of onset of kidney failure 
on neurodevelopmental profile

The median age of dialysis initiation was 5.9 (IQR: 0.3–18.6) 
months. We observed lower motor and language scores in 
patients who started dialysis within the first 30 days of life 

vs. later; however, the difference did not achieve statistical 
significance. Similarly, we found no difference in the cogni-
tive scores between the two groups (Table 3).

Effect of the underlying cause of kidney failure 
on neurodevelopmental profile

We observed no difference in the mean cognitive, lan-
guage, and motor scores between patients with congenital 
anomalies of kidney disease (CAKUT) and non-CAKUT 
causes of kidney failure (Table 4).
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Fig. 3  Length of dialysis and neurodevelopmental delays

Table 2  Effects of dialysis on 
neurocognitive performance

*Adjusted for gestational age at birth and epilepsy status
Model results are reported using estimated marginal means with 95% confidence intervals

Unadjusted Adjusted*

Dialysis Mean 95% CI p-value Mean 95% CI p-value

Cognitive No 93.6 85.1–102.2 0.03 93.8 88.6–99.0 0.001
Yes 78.9 69.4–88.4 78.7 72.9–84.5

Language No 83.8 76.4–91.3 0.07 83.8 76.8–90.7 0.06
Yes 73.6 65.3–81.8 73.6 65.9–81.3

Motor No 85.9 76.7–95.2 0.008 85.5 76.9–94.1 0.01
Yes 66.6 56.3–76.8 67.1 57.5–76.6
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Correlations with the future neurocognitive 
performance

Pre-transplant Bayley cognitive scores were positively and 
significantly correlated with post-transplant Full-Scale 
IQ (r(8) = 0.65 p = 0.04; Fig. 5), verbal comprehension 
(r(8) = 0.75 p = 0.02), and fluid reasoning (r(7) = 0.68 
p = 0.045). Furthermore, pre-transplant Bayley language 
scores were positively and significantly correlated with 
post-transplant Full-Scale IQ (r(7) = 0.74 p = 0.03) and 
verbal comprehension (r(7) = 0.73 p = 0.03; Fig. 5). How-
ever, pre-transplant Bayley motor scores did not show 
significant correlations with any post-transplant scores.

Fig. 4  Neurodevelopmental 
abilities of cognitive, language, 
and motor skills by presence of 
dialysis treatment (no dialysis 
versus dialysis) for infants and 
toddlers with kidney failure

Table 3  Effect of age of 
onset of kidney failure on 
neurodevelopmental profile

Bayley Age in days at the 
start of dialysis

n Score mean (95% CI) Difference mean 
(95% CI)

p-value

Cognitive  <  = 30 6 83 (67, 98) 1 (− 19, 21) 0.89
 > 30 10 84 (71, 97)

Language  <  = 30 6 72 (61, 84) 6 (− 9, 21) 0.40
 > 30 10 78 (69, 88)

Motor  <  = 30 6 66 (51, 82) 9 (− 11, 30) 0.34
 > 30 10 76 (62, 89)

Table 4  Effect of the underlying cause of kidney failure on neurode-
velopmental profile

CAKUT, congenital anomalies of the kidney and urinary tract

Bayley Diagnosis n Score mean (95% 
CI)

Difference 
mean (95% 
CI)

p-value

Cognitive CAKUT 16 86 (77, 94) 4 (− 12, 20) 0.58
Other 7 90 (77, 103)

Language CAKUT 16 78 (71, 85) 4 (− 9, 17) 0.50
Other 7 82 (71, 93)

Motor CAKUT 16 80 (70, 89)  − 8 (− 26, 9) 0.33
Other 7 71 (56, 86)
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Neurodevelopmental disorders

Of the 16 participants who reached school age (age > 5) 
during the study period, 44% (7 out of 16) were diag-
nosed with a neurodevelopmental disorder associated 
with/secondary to a medical condition. Of these 7 

patients, 3 (18.8%) received a diagnosis of autism spec-
trum disorder (ASD) and co-morbid language disorder. 
Two of these three patients had multicystic dysplastic 
kidney disease and one had congenital renal dysplasia. 
Two additional patients of the 7 received the diagnosis 
of an intellectual disorder.

Fig. 5  Correlations of cognitive and language skills in infants and toddlers with kidney failure before and after a kidney transplant
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Discussion

We found significantly lower cognitive, language, and motor 
scores among infants and toddlers awaiting a kidney trans-
plant versus same-aged peers. Compared to patients not on 
dialysis at the time of evaluation, we observed significantly 
lower cognitive and motor scores among patients on dialysis 
independent of prematurity and epilepsy histories. Addition-
ally, the testing age equivalent of patients was less than their 
chronological age for all 5 domains. We also found that Bay-
ley's cognitive score before the transplant was significantly 
correlated with Full-Scale IQ, verbal comprehension, and 
fluid reasoning after the transplant. Similarly, Bayley's lan-
guage score before the transplant was significantly corre-
lated with verbal comprehension scores after the transplant. 
Overall, the prevalence of neurodevelopmental delays in our 
study cohort ranged between 26 and 65%, and that of impair-
ments ranged between 13 and 30%. The highest prevalence 
of delays and impairments was in the language domain, fol-
lowed closely by the motor domain.

We observed cognitive delays in 26% and cognitive 
impairment in 13% of our study participants. Similarly, we 
noted language delays in 65% and motor delays in 57% of 
patients. This is in contrast with the rates of cognitive delays 
of 1–1.5% and any developmental delay of 15%, as captured 
by common screening measures, among preschool children 
in the USA [20]. Existing studies on neurocognitive delays 
and impairments in children with kidney disease are few 
and conflicting. Unlike our study, a retrospective study by 
Warady et al. of 28 infants with kidney failure found sig-
nificant development delay in only 1 child using the Modi-
fied Developmental Assessment Test and Bayley Scales of 
Infant Development-Mental Scale [11]. Contrarily, a study 
of 15 infants and preschool children with chronic kidney 
disease (CKD) found that 53% had composite scores on 
Mullen Scales of Early Learning of > 2 standard deviations 
below the mean compared to only 7% of healthy controls 
[21]. Similarly, Popel et al. found a standard score < 70 on at 
least one standardized measure of neurocognitive function-
ing (Full-Scale IQ, Visual Motor Integration, and General 
Adaptive Composite) among 27% of 15 children with kid-
ney transplant before 5 years of age [14]. The differences 
in the rates of delays and impairment between studies may 
be related to differences in instruments, the definitions used 
for delays/impairment, and patient characteristics (two of 
the three cited studies included older children). The varying 
data further highlight the importance of additional research 
to characterize neurocognitive deficits in infants and tod-
dlers with kidney failure.

We observed a significant correlation between dialy-
sis duration and the delay by months in cognitive perfor-
mance. Earlier studies have also noted a correlation between 

neurocognitive deficits and the length of dialysis exposure 
[14, 22, 23]. After adjusting for prematurity and epilepsy 
histories, we found significantly lower cognitive and motor 
scores among infants and toddlers on dialysis compared to 
no dialysis. In a study of 124 preschool children with mild to 
moderate CKD, Hooper et al. found abnormal birth history 
and seizures to be associated with an increased risk of neu-
rocognitive concerns [24]. However, our findings were inde-
pendent of the histories of prematurity and epilepsy. While it 
is a common practice to monitor early neurodevelopmental 
outcomes of children with premature birth and those with 
epilepsy, it is less common to monitor the neurodevelop-
mental outcomes of children with early dialysis treatment. 
Current results indicate that it is necessary to have regular 
monitoring of neurocognitive development in these children.

Our study identified significant correlation between cog-
nitive and language scores before the transplant and Full-
Scale IQ, verbal comprehension scores, and fluid reasoning 
after the transplant. Since the posttransplant neuropsycho-
logical evaluation occurred at a mean of 5 years after the 
pretransplant evaluation, it may be that scores improved after 
the transplant but declined again with the progression of 
posttransplant CKD. However, we lack data to evaluate this 
possibility. Congruent with our findings, a study of 12 chil-
dren who developed kidney failure within the first 16 months 
of life showed persistent neurocognitive deficits in school-
age years [22]. The persistence of the early deficits into later 
years indicates the importance of early recognition and early 
intervention to optimize outcomes.

We observed ASD in 3 patients, constituting 19% of the 
study participants. In comparison, the incidence ranges 
between 0.6 and 1.0% for the general population [32]. There 
is emerging evidence suggesting that ASD and CKD may 
have shared pathogenesis in terms of genetic copy number 
variants and environmental factors [33]. A recent study eval-
uating co-morbidities in adults with ASD and intellectual 
disabilities identified CKD in 25.4% of the patients [34]. 
However, the prevalence of ASD in patients with childhood-
onset kidney failure has not been reported before. Given that 
an early diagnosis of ASD can improve long-term outcomes 
and reduce the lifetime financial burden of ASD [35], pro-
viders should be cognizant of the possibility of ASD in this 
population.

Our findings align with neurocognitive deficits observed in 
other solid organ transplant candidates. A retrospective study 
of 15 infants awaiting a liver transplant for biliary atresia 
found significant delays in gross motor and language skills 
[25]. Similarly, a retrospective study of 20 children under 
2 years of age awaiting a heart transplant found delays across 
various domains of neurocognition, including general cogni-
tive, receptive language, expressive language, gross motor, 
fine motor, and visual-motor functioning [26]. Developmen-
tal delays in the setting of organ failure are likely mediated 
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by several factors. Prolonged hospitalizations may increase 
stress, which has been shown to impact development [27–29]. 
Hospital stays may limit opportunities for infants, toddlers, 
and their families to engage in developmentally rich activi-
ties, which has historically been a factor driving develop-
mental delays among chronically ill young children [28]. 
Additionally, medical procedures including dialysis, surgical 
procedures, medication side effects, and wounds may restrict 
physical activity in daily environments. Furthermore, infants 
and toddlers with advanced kidney disease are susceptible 
to central nervous system lesions, including white matter 
abnormalities, abnormal myelination, cerebral vascular dis-
ease, micro-bleeds, and silent infarctions, which may further 
enhance neurocognitive deficits [30, 31]. These data support 
the need for regular screening and early intervention (speech 
therapy, physical and occupational therapy) for children at 
risk of developmental delays in the context of an organ failure.

Consistent with KDIGO recommendation [6], our findings 
support the early identification of neurodevelopmental difficul-
ties in infants and toddlers with kidney failure. The findings 
from the current investigation also highlight the importance 
of identifying deficits in language and motor abilities. Fur-
thermore, our findings support close collaboration with the 
neuropsychology team, perhaps in a multidisciplinary care 
model setting, to determine timely and appropriate interven-
tions (speech therapy, physical and occupational therapy) 
for children at risk of developmental delays in the context of 
kidney failure. Such a collaboration could also facilitate the 
identification of and advocacy for community-based resources. 
Since the deficits may persist posttransplant with increased 
risk of neurodevelopmental disorders, our findings also sup-
port posttransplant neuropsychological evaluations at regular 
intervals for evaluation of persistent deficits. The nephrologists 
should help families understand the value of interventions at 
a young age due to the significant brain neuroplasticity that 
is present in infants and toddlers. Language and sensory-rich 
activities in locations frequently visited by infants and toddlers 
(e.g., hospital rooms and dialysis units) may also be beneficial 
to help stimulate development.

Several limitations of this work warrant consideration. 
First, our sample size is modest. However, our sample size is 
consistent with previous research in infants and toddlers with 
kidney failure. Second, this retrospective study represents a 
single institution’s experience with neurocognitive assess-
ments for infants and toddlers with kidney failure, limiting the 
generalizability of the results. This study may also be limited 
by observation bias, as the clinicians who administered the 
neurocognitive tests were aware of patients’ health histories. 
This bias, however, was likely mitigated by the administration 
of standardized evaluation. Additionally, the observation that 
the majority of study participants had participated or were 
participating in developmental interventions at the time of 
neuropsychological evaluation could have attenuated the 

severity of deficits. Furthermore, the pre- and posttransplant 
evaluations were performed using instruments that were age-
appropriate but different from each other. This precluded a 
like-for-like comparison. Nevertheless, we found it valuable 
to conduct pre- and posttransplant correlation studies, as both 
instruments represented standardized measures of neurocog-
nition. Finally, the retrospective nature of this investigation 
did not allow for tracking of prospective medical and psycho-
social complications, but rather, a reliance on the available 
medical records and neuropsychology reports was required. 
Despite these limitations, this investigation significantly adds 
to the growing evidence of developmental delays for infants 
and toddlers with kidney failure. The strength of our study 
includes the protocol-based neuropsychological evaluation 
of all transplant candidates, minimizing selection bias and 
ensuring the generalizability of our findings.

In summary, infants and toddlers with kidney failure 
exhibit significant cognitive, language, and motor develop-
mental delays with a greater prevalence of language and 
motor delays. Understanding the developmental function-
ing of these children prior to the transplant may inform 
treatment recommendations such as early physical therapy, 
occupational therapy, and speech therapy to optimize out-
comes. Furthermore, documenting functioning prior to the 
transplant may guide posttransplant monitoring to ensure 
children meet appropriate developmental milestones after 
the transplant. Larger, multi-center studies are required to 
further characterize early childhood neurodevelopmental 
deficits associated with kidney failure. Studies are also 
needed to evaluate the effect of early interventions on the 
neurodevelopmental trajectories of this patient population.
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