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Abstract
Objective To study the outcome of extremely low birth weight
(ELBW) infants with a history of acute kidney injury (AKI).
Method In a retrospective, case control study, medical records
of all ELBW infants admitted to the neonatal intensive care
unit (NICU) between Jan 2002 and Dec 2011 were reviewed.
Medical records were reviewed for infants’ demographics,
blood pressure (BP) at NICU discharge and at ≥3 years, and
estimated glomerular filtration rate (eGFR) at ≥2 years.
Results During the study period, 222 patients met the inclu-
sion criteria, of whom 10% (23 out of 222) had AKI stage 2
and 3, 39% (87 out of 222) had AKI stage 1, and the rest did
not have AKI. At NICU discharge, there was a difference in
diastolic BP (DBP) among infants who had AKI stages 2 and
3, those who had stage 1, and those who did not have AKI (53
± 12 vs 46 ± 9 vs 46 ± 11 mmHg respectively; p = 0.007), and
11% (23 out of 209) had hypertension (HTN). Although there
was a significant correlation between the rise in SCr and DBP
at NICU discharge in infants with AKI (R = 0.304; p = 0.004),
there was no difference in HTN between infants with and
those without AKI. At ≥2 years of age, 4% (5 out of 120)
across all groups had an eGFR < 90ml/min/1.73m2 or chronic
kidney disease (CKD). At ≥3 years of age, 5% (11 out of 222)
had HTN.
Conclusion At NICU discharge, infants with AKI stages 2
and 3 have a higher DBP than infants with stage 1 AKI and
those who did not have AKI. However, there is no difference
in the rate of HTN between the two groups. At ≥2 years

ELBW infants are at risk for CKD independently of whether
or not they develop neonatal AKI.
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Introduction

Advances in NICU management of extremely preterm and
extremely low birth weight (ELBW) infants have led to a
significant improvement in the survival of this critically ill
population. However, this improvement in survival comes at
the cost of short-term and long-term morbidities [1, 2]. It has
been previously shown that extreme preterm birth is associat-
ed with an elevated systolic blood pressure (SBP) and diastol-
ic blood pressure (DBP) at 2–3 years of age [3]. Adults who
were born moderately preterm have increased blood pressure
and insulin resistance at 30 years of age [4].

Acute kidney injury (AKI) is common in critically ill pedi-
atric and adult patients. In pediatric patients, its occurrence has
been particularly observed following cardiac bypass or in pa-
tients treated with extracorporeal membrane oxygenation
(ECMO) and it is associated with significant mortality [5, 6].
Pediatric and adult data have shown that AKI has an indepen-
dent impact upon mortality and morbidity after controlling for
co-morbidities, complications, and severity of illness [7, 8].

The incidence of AKI in the NICU has not been well
established owing to a lack of unified criteria for diagnosing
AKI. More recent data have shown that AKI is prevalent,
ranging between 8.4% and 39.8% in premature infants, and
it is associated with significant morbidity and mortality
[9–17]. We have previously shown that 12.5% of all ELBW
infants develop AKI during their NICU stay, and that anuria is
associated with an increased mortality [18]. Several studies in
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newborn infants and a few studies in ELBW infants have
identified risk factors that are associated with AKI [10, 11,
13, 18].

It has been previously reported that children with AKI are
at an increased risk for developing chronic kidney disease
(CKD) and warrant long-term follow-up [19, 20]. However,
long-term effects of AKI in ELBW on future growth, kidney
function, and blood pressure (BP) have not been well eluci-
dated. Also, little is known about the short-term and long-term
effects of AKI on the developing kidneys during the neonatal
period. Therefore, in this study, we sought to investigate the
short-term and long-term effects of neonatal AKI on growth,
renal function (including the development of CKD), and BP in
ELBW infants.

Methods

In a retrospective, case–control study, medical records of all
ELBW infants admitted to the NICU at Metro Health Medical
Center (MHMC) between January 2002 and December 2011
were reviewed. Our inclusion criteria consisted of all ELBW
infants (birth weight < 1,000 g) who were born at MHMC
between Jan 2002 and Dec 2011 and who had a follow up at
3 years of age and older at MHMC. Our exclusion criteria
consisted of patients who died before discharge from the
NICU, who were deceased at the time of follow up of the
study, who were lost to follow-up ≤ 3 years of age, or who
did not have any documented BP or contemporary height
measurements (within 1 year of the last documented BP).

Medical records were reviewed for infants’ demographics,
includingweight, height, and head circumference (HC)measure-
ments at birth and at discharge from the NICU, gender, ethnicity,
gestational age (GA) at birth, mode of delivery, Apgar scores,
and Score for Neonatal Acute Physiology (SNAP).

Anthropometric measures, including GA-specific percentiles
for weight, length, and HC at birth, and at discharge from the
NICU, were collected. Blood urea nitrogen (BUN) and serum
creatinine values (SCr) during the NICU stay, and the latest
available values, were reviewed. First available BUN and SCr
values after 72 h of life were recorded as baseline. Subsequent
values were compared with the lowest previous SCr to identify
infants with AKI. The latest available BUN and SCr values that
were available at the time of the study, and contemporary height
measurements, were used to calculate the estimated glomerular
filtration rate (eGFR) for each patient.

Medical records were also reviewed for a drop in urine
output during infants’ NICU stay after the first 24 h of life
to identify a decrease in urine output to less than 0.5 mg/kg/h.
Patients with AKI were identified and staged using modified
Neonatal Kidney Disease: Improving Global Outcomes
(KDIGO) criteria, as suggested by the Neonatal Kidney
Collaborative (NKC) group [21].

The latest documented SBP and DBP around the time of
discharge from the NICU were reviewed to identify patients
with hypertension. At the time of discharge from the NICU,
hypertension (HTN) was defined as systolic BP and/or dia-
stolic BP, equal or superior to the 95th percentile for corrected
gestation age on three or more occasions [22]. The latest avail-
able BP readings obtained at ≥ 3 years of age were collected
from themedical records. At our institution, BPmeasurements
are obtained by automated oscillometric method during well
child visits at ≥ 3 years of age. HTN was defined according to
the 4th Report on the Diagnosis, Evaluation, and Treatment of
high BP in Children and Adolescents. Hypertension was de-
fined as systolic BP and/or diastolic BP that is superior or
equal to the 95th percentile for gender, age, and height on
three or more occasions, and BP remaining elevated at the last
available visit [23].

The study was approved by the hospital’s Institutional
Review Board at Metro Health Medical Center.

Statistical analysis

Data were expressed as means ± standard deviations, medians
with interquartile ranges, and as percentages. Chi-squared,
and Fisher’s exact tests were used for categorical variables
as appropriate. Mann–Whitney U test or t test was used for
analysis of parametric and nonparametric continuous vari-
ables respectively. Analysis of variance was used for compar-
ison of multiple continuous data variables, and Bonferroni
correction for post hoc analysis. A Pearson correlation analy-
sis was conducted to compare the rate of rise in SCr during the
NICU stay and DBP at the time of discharge from the NICU.
A p value < 0.05 was considered statistically significant.

Results

During the study period, 398 ELBW infants who survived the
neonatal period were identified, and only 56% (222 out of
398) met our inclusion criteria, of whom 49% (110 out of
222) had AKI according to the modified neonatal KDIGO
staging criteria. Among all infants, 51% (112 out of 222)
had no AKI, 39% (87 out of 222) had AKI stage 1, and 10%
(23 out of 222) had AKI stage 2 or 3. Of note, 82 patients died
in the NICU during the study period, and 83% (68 out of 82)
had AKI. Among infants with AKI who died in the NICU,
42.6% (29 out of 68) had stage 1, 17.6% (12 out of 68) had
stage 2, and 39.7% (27 out of 68) had stage 3 AKI, according
to the KDIGO definition.

As 44% (176 out of 398) of our patients were lost to follow-
up, we compared the demographics of infants who were
followed up with those of infants who were lost to follow-
up. There were no significant differences between the two
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groups, except that more Caucasians were lost to follow-up
(Table 1).

To define the demographics of infants with different stages
of AKI, we compared infants with stage 2 and 3 with infants
with stage 1 and those with no AKI. There were significant
differences among the three groups. Infants with severe AKI
had a lower GA, smaller birth weight (BW), smaller length
and smaller HC at birth than their controls. However, there
were no differences in BW, length or HC percentiles at birth
among the three groups (Table 2).

At the time of discharge from the NICU, infants with se-
vere AKI were noted to have a longer NICU stay, and to be
older and heavier than infants with stage 1 and infants without
AKI. Also, infants with severe AKI had a smaller HC at the
time of discharge. However, when all anthropometric mea-
sures were adjusted for age, infants with severe AKI had lower
weight and length percentiles at the time of discharge from the
NICU and a statistically nonsignificant difference in HC per-
centiles compared with their counterparts (Table 3). There
were also statistically significant differences among the three
groups regarding DBP and mean arterial BP (MAP). Infants
with severe AKI had the highest DBP among the three groups
(Table 3). Infants with stages 2 and 3 AKI had a higher DBP
than infants with stage 1 AKI and infants without AKI
(Fig. 1). However, at the time of discharge from the NICU,
there was no difference in the percentage of patients with
DBP > 95th percentile for GA between infants with and those
without a history of AKI (6% [6 out of 104] vs 3% [3 out of
105] respectively; p = 0.33).

At the latest outpatient follow-up, there were no differences
in growth parameters or prevalence of hypertension or pre-
hypertension among the three groups (Table 4). However,
infants with severe AKI were older at the time of their

follow-up examination than the group of infants who did not
have AKI (Table 4).

There were no differences in serum creatinine at 72 h of
life, at discharge from the NICU, or at follow-up among the
three groups. However, there were statistically significant dif-
ferences observed in serum BUN at 72 h of life, at discharge
from the NICU, and at follow-up among the three groups
(Table 5). There was also a significant difference in age among
the groups at the time of follow-up. Infants with AKI were
older at the time of follow-up than infants who did not have
AKI (Table 5).

To determine if there was any correlation between the rise
in serum creatinine during the NICU stay and DBP a correla-
tion analysis was conducted. There was significant correlation
between an increase in SCr and DBP at the time of discharge
from the NICU (Pearson R = 0.304, p = 0.004; Fig. 2).
However, this correlation did not persist by the time of
follow-up at ≥3 years of age.

At ≥2 years of age, 4% of infants (5 out of 120) who had an
available serum creatinine for analysis had an eGFR < 90 ml/
min/1.73 m2 or CKD. However, the prevalence of CKD was
not different between infants with and those without AKI
(4.2% [3 out of 71] vs 4.1% [2 out of 49] respectively; p =
1.00). Among patients with a history of neonatal AKI and who
developed CKD, 1 patient had a history of AKI stage III, and 2
patients had a history of AKI stage I.

Discussion

We have shown that AKI is common during the neonatal
period in ELBW infants. Infants with AKI are younger and
smaller at birth, and have a longer stay in the NICU than their

Table 1 Demographics of
patients who were followed up
and those who were lost to
follow-up

Followed up (n = 222) Lost to follow up (n = 176) p values

GA (weeks) 26.2 ± 2.2 26.4 ± 2.1 0.15

BW (g) 763 ± 147 785 ± 135 0.13

Birth length (cm) 32.7 ± 2.3 32.9 ± 2.5 0.40

Birth HC (cm) 23.2 ± 1.7 23.5 ± 2.3 0.24

Gender (% male) 111/222 (50) 83/176 (47) 0.57

Ethnicity (%)

African–American 131/222 (59) 88/176 (50) 0.07

Caucasian 66/222 (30) 72/176 (41) 0.02

Hispanic 23/222 (10) 12/176 (7) 0.21

Others 2/222 (1) 4/176 (2) 0.41

C-section 161/222 (72) 113/176 (64) 0.07

Apgar at 1 min 5 (3–6) 5 (3–6) 0.76

Apgar at 5 min 7 (6–8) 7 (6–8) 0.52

SNAP score 16.2 ± 6.1 15.9 ± 6.9 0.60

GA gestational age, BW birth weight; HC head circumference, C-section Cesarean section, SNAP Score of
Neonatal Acute Physiology.
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controls. Among survivors, ELBW infants with AKI have
growth restriction at the time of discharge from the NICU
and have a higher DBP than infants without AKI. We have
also shown a correlation between the degree of rise in SCr
during the AKI episode and DBP at the time of discharge from

the NICU. However, at follow-up at ≥3 years of age there
were no differences in growth restriction or prevalence of high
blood pressure between infants with AKI and those without
AKI. Overall, 4% of all ELBW infants who had a follow-up
SCr had evidence of CKD at ≥2 years of age.

Table 2 Demographics of
patients with different acute
kidney injury (AKI) staging

AKI stages 2 and 3 (n = 23) AKI stage 1 (n = 87) No AKI
(n = 112)

p values

GA (weeks) 25.3 ± 1.9 25.5 ± 2.0 26.8 ± 2.3* <0.001

BW (g) 664 ± 172 725 ± 140 813 ± 127* <0.001

BW (percentile) 33.8 ± 28.8 42.6 ± 27.5 41.2 ± 30.4 0.430

Birth length (cm) 31.4 ± 2.6 32.2 ± 2.3 33.3 ± 2.2* <0.001

Birth length (percentile) 38.5 ± 27.9 46.4 ± 29.4 43.0 ± 38.9 0.594

Birth HC (cm) 22.6 ± 2.1 22.8 ± 1.7 23.7 ± 1.5* <0.001

Birth HC (percentile) 42.1 ± 34.1 45.0 ± 30.9 40.6 ± 33.5 0.648

Gender (% male) 10/23 (43) 45/87 (52) 56/112 (50) 0.781

Race/ethnicity (%)

African–American 15/23 (65) 45/87 (52) 71/112 (63) 0.205

Caucasian 7/23 (30) 29/87 (33) 30/112 (27) 0.603

Hispanic 1/23 (4) 11/87 (13) 11/112 (10) 0.492

Others 0/23 (0) 2/87 (2) 0/112 (0) 0.209

C-section (%) 17/23 (74) 68/87 (78) 76/112 (68) 0.268

Apgar at 1 min 4 (3–5) 4 (3–6) 4.7 ± 2.2 0.557

Apgar at 5 min 7 (6–7) 7 (6–8) 6.9 ± 1.6 0.448

SNAP score 18.1 ± 5.7 16.8 ± 6.4 15.4 ± 5.9 0.082

*Statistically significant difference (p < 0.01) between AKI stages 2 and 3 and the control group (post hoc
Bonferroni analysis)

Table 3 Characteristics of
patients with different AKI
staging at discharge from the
NICU

AKI stage 2 and 3 (n = 23) AKI stage 1 (n = 87) No AKI (n = 112) p values

NICU stay (days) 131 ± 48 115 ± 58 86 ± 30**, *** <0.001

Corrected gestation 43.8 ± 6.7 41.5 ± 7.8 38.6 ± 4.1**, *** <0.001

Weight 2,791 ± 804 2,884 ± 1,264 2,465 ± 703*** 0.009

Weight (percentile) 4.8 ± 12.3 6.0 ± 8.9 10.5 ± 15.9 0.026

Length (cm) 46.6 ± 4.9 47.1 ± 6.4 45.3 ± 3.9 0.069

Length (percentile) 3.3 ± 6.6 8.9 ± 16.9 15.5 ± 18.4 0.044

HC (cm) 33.2 ± 2.4 33.5 ± 3.9 32.3 ± 2.5*** 0.041

HC (percentile) 8.2 ± 21.3 18.3 ± 21.6 19.8 ± 23.3 0.078

SBP 90 ± 10 91 ± 12 88 ± 14 0.385

DBP 53 ± 12 46 ± 9* 46 ± 11** 0.007

MAP 65 ± 10 61 ± 9 60 ± 10 0.038

Hypertension (%) 2/23 (9) 8/81 (10) 13/105 (12.4) 0.805

AKI acute kidney injury, NICU neonatal intensive care unit, SBP systolic blood pressure, DBP diastolic blood
pressure, MAP mean arterial blood pressure

*Statistically significant difference (p < 0.01) between AKI stages 2 and 3 and AKI stage 1 (post hoc Bonferroni
analysis)

**Statistically significant difference (p < 0.01) between AKI stages 2 and 3 and the control group (post hoc
Bonferroni analysis)

***Statistically significant difference (p < 0.01) between AKI stage 1 and the control group (post hoc Bonferroni
analysis)
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In our study group, we found an AKI prevalence of 49%,
which is higher than previous reports. We have previously
reported a prevalence of 12.5% among ELBW infants [18].
The differences seen are most likely related to our entry
criteria, and definition. In our current study, we used the mod-
ified neonatal KDIGO criteria for the definition of AKI. We
had previously defined AKI as oliguria of <1 ml/kg/h of urine
output that developed 24 h after birth and persisted for at least
24 h and/or a rise of SCr level >1.5mg/dl 72 h after birth in the
presence of normal maternal creatinine levels [18]. When we
used the definition based on serum creatinine > 1.5 mg/dl, the
occurrence of AKI in our entire cohort (including all patients,
those who died in the NICU [82 patients] and those who
survived [398 patients]) was 19% (91 out of 483). Also, when
we used the definition based on serum creatinine > 1.5 mg/dl,

the occurrence of AKI was 35% (29 out of 82) in patients who
died in the NICU. In our current study, we are only reporting
the rate of AKI amongst the 222 patients who survived and
had a follow-up at our institution; hence, the difference in AKI
rates. The SCr cut-off level is used for the definition of AKI as
SCr level > 1.5 mg/dl is predictive of poor outcome in asphyx-
iated infants with AKI [24], and a urine output-based defini-
tion cannot be used alone as non-oliguric AKI is common in
infants [25, 26].

In infants weighing <750 g, Arcinue et al. reported an AKI
prevalence of 26% [10]. In their study, AKI was defined ac-
cording to the Acute Kidney Injury Network (AKIN) criteria,
whereas in our study AKI was defined according to the
KDIGO criteria. The higher prevalence in our population
could be explained by the fact that KDIGO criteria take into

Fig. 1 Blood pressure at the time
of discharge from the neonatal
intensive care unit (NICU) in ex-
tremely low birth weight infants
(ELBW) with different stages of
acute kidney injury (AKI) and
those without AKI. SBP systolic
blood pressure, DBP diastolic
blood pressure. *p value < 0.01
between infants with AKI stage 2
and 3 and infants with AKI stage
1; **p value <0.01 between in-
fants with AKI stage 2 and 3 and
those with no AKI (analysis of
variance with Bonferroni
correction)

Table 4 Characteristics of
patients with different acute
kidney injury (AKI) staging at
follow-up

AKI stages 2 and 3 (n = 23) AKI stage 1 (n = 87) No AKI
(n = 112)

p values

Weight (kg) 27.2 ± 12.0 24.8 ± 13.3 23.8 ± 13.9 0.533

Weight (percentile) 40.2 ± 29.4 39.6 ± 33.1 39.1 ± 30.7 0.987

Length 124.3 ± 19.9 117.8 ± 18.6 116.4 ± 18.0 0.183

Length (percentile) 40.7 ± 34.1 46.9 ± 33.5 51.0 ± 30.8 0.326

BMI 16.9 ± 3.3 16.8 ± 4.1 16.4 ± 4.2 0.798

BMI (percentile) 47.8 ± 35.5 46.6 ± 33.4 43.3 ± 33.8 0.738

Age at follow-up
(years)

8.3 ± 3.3 6.9 ± 2.9 6.6 ± 2.5* 0.035

SBP 103 ± 12 99 ± 12 99 ± 10 0.220

SBP (percentile) 62.0 ± 24.6 57.0 ± 29.4 57.3 ± 26.6 0.725

DBP 64 ± 10 58 ± 10 59 ± 9 0.060

DBP (percentile) 67.7 ± 23.5 56.7 ± 24.3 59.3 ± 25.0 0.164

Hypertension 1/23 (4) 6/87 (7) 4/112 (4) 0.557

*Statistically significant difference (p < 0.01) between AKI stages 2 and 3 and the control group (post hoc
Bonferroni analysis)
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account a SCr rise of ≥0.3 mg/dl or ≥50% rise in baseline in
SCr levels over 7 days, whereas AKIN only includes similar
rises over 48 h, and therefore using the KDIGO criteria can be
more inclusive [27, 28].

Previous studies have shown that ELBW infants continue
to suffer from growth failure after discharge from the NICU,
but a significant number of those infants experience catch-up
growth. Dusick et al. have shown that 16% of all ELBW
infants are small for gestational age (SGA) at birth, and 89%
have growth failure at 36 weeks’ corrected gestation.
However, only 40% continue to fail to thrive, or have weight,
length, and HC less than the 10th percentile at 18–22 months’
corrected age [29]. Others have also shown similar results in
premature and ELBW infants [30, 31]. In our study, we found
that infants with AKI were smaller and younger at birth, but

did not have any differences in BW, HC or length percentiles
when compared with infants without AKI. At the time of their
NICU discharge, infants with AKI had lower weight and
length percentiles than their counterparts. However, at 3 years
of age and older, there was a resolution of the percentile dif-
ferences in weight and length between infants with and those
without a history of AKI. Our findings suggest that AKI dur-
ing the neonatal period might have an impact on the neonatal
growth, which improves over time.

Bonamy et al. have previously shown a rise in SBP and
DBP at 2–3 years of age in former extremely premature in-
fants [3]. We found that infants with stage 2 and 3 AKI had
higher DBP at the time of discharge from the NICU than
infants with stage 1 and infants without AKI. This difference
was noted to persist at the most recent follow-up; however, it

Table 5 Patients early and late
serum blood urea nitrogen (BUN)
and serum creatinine levels.AKI
acute kidney injury, NICU
Neonatal Intensive Care Unit

AKI stage 2 and 3
(n = 23)

AKI stage 1
(n = 87)

No AKI
(n = 112)

p values

Creatinine (72 h of life) 1.03 ± 0.36 0.99 ± 0.22 0.92 ± 0.23 0.070

BUN (72 h of life) 25.7 ± 10.7 24.9 ± 10.7 21.5 ± 9.2 0.031

Creatinine (at NICU
discharge)

0.27 ± 0.10 0.28 ± 0.17 0.29 ± 0.14 0.616

BUN (at NICU discharge) 7.1 ± 3.9 7.8 ± 5.8 5.9 ± 3.2** 0.013

Latest creatinine 0.42 ± 0.14 0.36 ± 0.12 0.40 ± 0.54 0.640

Latest BUN 9.2 ± 3.6 9.9 ± 5.6 8.2 ± 4.1** 0.039

Age (years) at latest levels 5.6 ± 4.2 3.7 ± 3.7* 2.0 ± 2.7**, *** <0.001

*Statistically significant difference (p < 0.01) between AKI stages 2 and 3 and AKI stage 1 (post hoc Bonferroni
analysis)

**Statistically significant difference (p < 0.01) between AKI stage 1 and the control group (post hoc Bonferroni
analysis)

***Statistically significant difference (p < 0.01) between AKI stages 2 and 3 and the control group (post hoc
Bonferroni analysis)

Fig. 2 Correlation between the
increase in serum creatinine and
diastolic blood pressure (DBP) in
extremely low birth weight
(ELBW) infants with acute
kidney injury (AKI) at the time of
discharge from the Neonatal
Intensive Care Unit (NICU).
Pearson R = 0.304 (p = 0.004)
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did not reach statistical significance, probably because our
study was too small and underpowered to show a persistent
difference. The small differences in DBP between infants with
AKI and their controls may not have any significant clinical
relevance at the time of discharge from the NICU. However, it
remains to be seen if small differences in BP have any future
significant clinical relevance; future observational longitudi-
nal and powered studies are needed to answer such a question.

We also noted a correlation between the degree of rise in
SCr during the episode of AKI and DBP at the time of dis-
charge from the NICU. This correlation implies an association
between the severity of AKI and DBP. However, this correla-
tion did not persist at the time of the latest follow-up. This lack
of correlation between the rise in SCr in the newborn period
and DBP at ≥3 years of age could have been affected by other
factors such as growth and weight gain over time of those
ELBW infants. We have previously shown a correlation be-
tween weight gain and high blood pressure at ≥3 years of age
in EBLW infants [32].

In our study, infants with AKI had higher BUN values at
72 h of life, at the time of discharge from the NICU and at the
latest follow-up. However, the statistically significant differ-
ences did not correspond to clinically significant differences.
To date, GFR has been the most recognizedmeasure of kidney
function, but it is low in preterm neonates compared with term
neonates. In both preterm and term neonates, it rapidly in-
creases during the first few months of life, reaching adult
GFR by the age of 2 years [33, 34]. In our patients, we found
that 4% (5 out of 120) of our infants who had an available SCr
at follow-up had early CKD based on their eGFR. This prev-
alence is probably an underestimate of the true prevalence of
CKD in those infants, as only 120 patients had follow-ups.
Khalsa et al. have recently shown that decreased eGFR occurs
with a higher prevalence in adolescents born with a LBWand
VLBW [35].

Although the nature of correlation (causal vs correlational)
between AKI and downstream adverse outcomes remains a
topic of debate, ELBWalone has important implications and it
is associated with increased morbidity during the NICU stay.
Previous studies have shown that nephrogenesis continues
until 34 weeks’ gestation. Most ELBW infants are born before
34 weeks’ gestation. Therefore, their nephron mass at birth is
significantly lower, putting them at an even higher risk for
injury from the nephrotoxic insults commonly encountered
by many NICU patients. This predisposes them not only to
developing AKI during hospitalization, but also the micro-
scopic changes that happen from these acute insults have been
known to cause long-term renal sequelae. In one study, 59%
of children have at least one sign of CKD 3–5 years after the
initial insult [20]. In our study, the rate of CKD was lower,
probably secondary to the loss of follow-up of a significant
number of our patients. Only a quarter of our patients had
serum creatinine levels available at ≥2 years of age.

Brenner and Chertow have suggested a direct relationship
between BW and nephron number, an inverse relationship
between BW and later-life hypertension, and an inverse rela-
tionship between nephron number and blood pressure [36].
Data from previously reported animal studies has shown that
AKI can induce renal fibrosis, and can affect other vital organs
in a deleterious fashion. Thus, despite the fact that clinically
overt AKI is typically reversible, there may be subclinical
renal and extra-renal damage that persists even after the acute
insult is over [37–39]. Although we did not find hypertension
as a prominent clinical feature in patients with a history of
AKI at follow-up, we did find a statistically significant differ-
ence in DBP at the time of discharge from the NICU in infants
with severe AKI compared with patients with stage 1 or no
AKI. Studies have shown that ELBWand AKI have important
implications for the development of cardiovascular risks in
later life [1, 2]. In our study, 5% of all infants developed
HTN upon follow-up, but the prevalence was not different
between patients who did or did not have a history of neonatal
AKI. Perhaps longer follow-up of these patients into adult-
hood may unmask such a difference, if one exists.

Our study has limitations. This is a single center retrospec-
tive study. Data were extracted from paper and electronic
medical records and therefore some information may have
been missing. A significant percentage (44%) of our patients
were lost to outpatient follow-up after discharge form the
NICU. To determine if our study population is representative
of the entire cohort, we compared the demographics and birth
characteristics of infants who were followed up with those
who were lost to follow-up. There were no differences ob-
served between the two groups, except that more Caucasians
were lost to follow-up. Therefore, the difference in ethnicity
between the two groups could have influenced our findings, as
the prevalence of high blood pressure is different in different
ethnic groups. Also, as our study is retrospective in nature and
it was conducted over a period of several years, a change in
management over time could have influenced our results.
Another limitation of our study is that it is underpowered to
show a significant relationship between neonatal AKI stages 2
and 3 and CKD later in life, and a relationship between neo-
natal AKI and long-term changes in blood pressure.

In conclusion, we have shown that AKI is common in
ELBW infants, and that infants with AKI are younger and
smaller at birth, and have a longer NICU stay than their coun-
terparts. Among survivors, ELBW infants with AKI have
growth restriction at the time of discharge from the
NICU and a higher DBP than those who did not have
AKI. Also, we found a correlation between the degree
of rise of SCr during the AKI episode and DBP at
discharge. However, this correlation does not persist at
follow-up. Overall, 4% of all ELBW infants who had a
follow-up SCr had evidence of CKD at ≥2 years of age,
regardless of a previous diagnosis of AKI.
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Our study underscores the long-term outcome of extreme
prematurity and the late consequences of early neonatal kid-
ney insults. To date, ELBW infants with or without a history
of AKI have not received routine follow-up nephrology care.
This population is at an increased risk for ongoing residual
kidney injury and death after AKI; therefore, periodic evalu-
ation after the initial insult is necessary. This study may serve
as the basis for future prospective studies to establish a stan-
dardized approach for closer surveillance and follow-up of
this vulnerable population.
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