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ABSTRACT

Background: The most frequent cause of respiratory failure in preterm newborns, as well as the most frequent cause
of mortality and long-term morbidity associated with prematurity, is respiratory distress syndrome (RDS). RDS
affects half of newborns with birth weights (BW) under 1.5 kg, and a sizable portion of those newborns also
experience acute kidney injury (AKI).

Objective: The purpose of this study was to identify useful biomarkers (serum cystatin C and NGAL) to predict AKI
in premature infant with RDS.

Patients and Methods: This was a prospective (case-control) study was conducted on 90 preterm neonates between
28 and 36 gestational weeks (GW) from the neonatal intensive care unit (NICU) of Benha University hospitals.
Serum creatinine, Blood urea nitrogen Levels, Serum cystatin C and Serum NGAL were measured for all included
neonates.

Results: Serum creatinine showed no significant difference between the studied groups at day 3 (P = 0.273). At day 5
and day 7, it was significantly higher in group | (1.4 & 1.8 mg/dl, respectively) than groups Il (0.7 & 0.6 mg/dl,
respectively) and 111 (0.6 & 0.5 mg/dl, respectively). Also, it was significantly higher in group 11 (0.7 & 0.6 mg/dl,
respectively) than group 111 (0.6 & 0.5 mg/dl, respectively). Serum cystatin C showed an overall significant difference
between the studied groups at day 3 (P < 0.001). In post hoc analyses, it was significantly higher in group 1 (1.7 mg/l)
than groups 11 (1.1 mg/l) and 111 (01 mg/l).

Conclusion: NGAL and sCys C levels were found to have a statistically significant association with development of
AKI in preterm neonates with RDS and they were elevated earlier than sCr which makes NGAL and sCys C a good
predictive marker for AKI in preterm neonates better than sCr.
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INTRODUCTION

Hyaline membrane disease, also referred to as
neonatal respiratory distress syndrome (NRDS), is
primarily brought on by a deficiency in pulmonary
surfactant (PS), which raises the alveolar wall surface
tension and decreases pulmonary compliance. As a
result, the newborn experiences dyspnea soon after
birth and may even develop clinical respiratory failure
syndromes. Infants born prematurely frequently
develop NRDS, particularly those born before 34
weeks. Up to 80% of premature infants with
gestational ages within 28 weeks have a chance of
developing NRDS .

Preterm births account for about 11% of all
births worldwide, and as overall survival rates rise
within this patient population, the best possible early
care for these newborns is anticiPated to have positive
effects on their long-term health .

The illness known as acute kidney injury
(AKI), formerly known as acute renal failure (ARF),
affects the structure and function of the kidneys.
Currently, the term "AKI" refers to a decline in kidney
function, including renal failure and a decreased
glomerular filtration rate (GFR) ®. AKI1 affects 12% to
40% of premature newborns and is linked to poor
outcomes .
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AKI is currently diagnosed using a higher
serum creatinine (Cr) level and/or a decreased urine
output. Neonatal blood Cr levels cannot be used to
evaluate Kkidney function in premature newborns
because they mimic maternal levels during the early
postnatal period and decline over days to weeks rather
than remaining constant. On the other hand, because
non-oliguric AKI frequently occurs in preterm infants,
oliguria is an insensitive diagnostic for the early
identification of kidney injury ©.

It is advised to employ alternative indicators
that do not fluctuate with changes in muscle mass or
tubular secretion and reabsorption. As biomarkers for
determining the location and extent of renal damage,
certain proteins that are secreted in the urine following
harm to particular nephron segments can be identified.
Many specialists and academics have suggested
various biomarkers for the early detection of AKI in
both adults and children, including Neutrophil
Gelatinase-Associated Lipocalin (NGAL) and Cystatin
C. However, there has been very little published
studies on premature infants. NGAL, a 25-kDa protein
that is a member of the lipocalin group and is
abundantly expressed in proximal tubular epithelial
cells, plays a role in the growth and repair of renal
tubular epithelial cells. It is expressed in neutrophils
and in trace amounts in the kidney, prostate, and
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gastrointestinal and respiratory tract epithelia. Tubular
epithelial cells are harmed during AKI, and NGAL is
highly expressed in both blood and urine ©.

Nucleated cells produce cystatin C, a 13-kDa
cysteine proteinase inhibitor that can freely pass
through glomeruli before being reabsorbed and broken
down by tubular cells. It is less affected by factors like
age, sex, race, muscle mass, steroid medication,
infection, liver disease, and inflammation. Cystatin C
has a shorter distribution range and is only distributed
in the extracellular fluid volume, therefore it responds
to a decrease in GFR more quickly than creatinine
does. Consequently, serum cystatin C is a more

accurate and timely GFR decrease predictor than sCr
@)

AIM OF THE STUDY

The purpose of this study is to identify useful
biomarkers (serum cystatin C and NGAL) to predict
AKI in premature infant with RDS.

PATIENTS AND METHODS

This was a prospective (case-control) study
carried out from February 2019 to January 2022. The
study was conducted on 90 preterm neonates between
28 and 36 gestational weeks (GW) from the neonatal
intensive care unit (NICU) of Benha university
hospitals.

The study group was subdivided into:

e Group (I): (RDS-AKI) which included 18 preterm
neonates who developed AKI, they were 10 males
and 8 females. Their mean gestational age (GA)
was 30£1 weeks.

e Group (ID: (RDS- no AKI (Which included 42
preterm neonates without AKI, they were 21 males
and 21 females. Their mean GA was 32+1 weeks.

o Group (11): (control group (Which included 30
healthy preterm neonates. They were 15 male and
15 females, their mean GA was 33+1 weeks.

Table (1): AKI definitions ©:
KDIGO

Diagnosis | Increase in sCr by >26.5 pmol/l within 48 hours
or increase in sCr to >1.5 times baseline, which
is known or presumed to have occurred within
the prior 7 days

Stage 1 sCr increase to 1.5 to 1.9 times baseline or
increase in sCr by >26.5 pmol/l

Stage 2 sCr increase to 2.0 to 2.9 times baseline

Stage 3 sCr increase to 3.0 times baseline or sCr
increase by >353.6 umol/l or initiation of RRT

Inclusion criteria:

Preterm neonates between 28 and 36
gestational weeks of both sexes. Preterm neonates with
diagnosis of RDS. A healthy control group of 30
newborns of the same gestational age (GA) and sex
who had no RDS or AKI.
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Exclusion criteria:

Neonates with major congenital defects, such
as congenital heart disease or kidney abnormalities.
Hypoxic ischemic encephalopathy in newborns.
History of the mother (gestational diabetes,
chorioamnionitis, urinary tract infection, treatment
with nephrotoxic drugs).

Methods:

All studied neonates were subjected to full
history taking, complete clinical examination and
laboratory assessment as;

e Complete blood count, C reactive protein,
blood cultures, serum electrolytes (Na, K &
Ca) and capillary blood gases.

e Serum creatinine, Blood urea nitrogen Levels
were measured on day 3 & again on day 5, 7
for all included neonates.

e Serum cystatin C on day 3 by ELIZA
technique.

e Serum NGAL on day 3 by ELIZA technique.

Imaging:
e Chest X-ray to detect RDS, chest X-ray
findings were graded according to severity of
the cases.

Sampling measurements:

On postnatal day 3 (PND), peripheral blood
samples were obtained for biochemical markers like
blood urea nitrogen (BUN), Cr, sCysC, and sNGAL.
At day 5, day 7, and Cr levels, we also took
measurements.

Ethical consent:

The Research Ethics Committee of the
Faculty of Medicine at Benha University gave its
approval to the study. Informed written consents
were taken from parents of the included neonates
before starting the study. The Declaration of
Helsinki, the World Medical Association's code of
ethics for studies involving humans, guided the
conduct of this work.

Statistical methods

Using SPSS version 25, data management and
statistical analysis were conducted (IBM, Armonk,
New York, United States). The Shapiro-Wilk test and
methods for direct data visualisation were used to
determine the normality of quantitative data.
Numerical data were summarised using means,
standard deviations, or medians and ranges in
accordance with normality. Numbers and percentages
were used to represent a categorical set of data.

Utilizing the one-way ANOVA or the Kruskal
Wallis test for numerical variables with normally
distributed or non-normal distribution, respectively,
guantitative data were compared between the research
groups. The Fisher's exact test or the Chi-square test
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was used to compare categorical data. AKI was
predicted using ROC analysis for serum creatinine,
cystatin C, and NEGAL.

The optimal cut-off point, diagnostic indices,
and Area Under Curve (AUC) with a 95% confidence
interval were calculated. Spearman's correlation was
used to conduct correlation analysis. Each and every
statistical test had two sides. P values under 0.05 were
regarded as significant.

RESULTS
General characteristics:

As shown in table 2, no significant differences
were noted between the studied groups regarding age
(P = 0.915) and gender (P = 0.364). Gestational age
showed an overall significant difference between the
three groups (P < 0.001). Post-hoc analyses revealed
that it was significantly lower in group | (30 weeks)
than groups 11 (32 weeks) and Il (33 weeks). Apgar
scores at 1 and 5 minutes showed an overall significant

than groups Il (6 and 8, respectively) and Il (8 & 9,
respectively).

Also, they were significantly lower in group 1l
(6 and 8, respectively) than group Il (8 & 9,
respectively). Birth weight showed an overall
significant difference between the studied groups (P
<0.001). In post-hoc analyses, it was significantly
lower in group | (1.4 kg) than groups Il and 111 (1.5 kg
& 1.6 kg, respectively).

RDS grade showed a significant difference
between groups | & 11 (P < 0.001); RDS grade IV was
higher in group | (22.2%) than group Il (0.0%), and
RDS grade I was higher in group Il (38.1) than group |
(0.0%). The use of mechanical ventilators and
inotropes were significantly higher in group 1 (88.9%
and 38.9%, respectively) than group Il (50% and
26.2%, respectively); P values were <0.001 and 0.002,
respectively. Also, oliguria was significantly higher in
group | (27.8%) than group 11 (0.0%) (P < 0.001). In
contrast, sepsis was significantly higher in group Il

difference between the studied groups (P < 0.001). (40.5%) than group | (33.3%).
Post hoc analyses showed that they were
significantly lower in group | (4 and 6, respectively)
Table (2): General characteristics of the studied groups
Group | Group Il Group 111
(n=18) (n=42) (n=30) P-value

Gender Males n (%) 10 (55.6) 21 (50.0) 15 (50.0) 0.915

Females n (%) 8 (44.4) 21 (50.0) 15 (50.0)
Mode of delivery CS n (%) 9 (50.0) 14 (33.3) 14 (46.7) 0.364

NVD n (%) 9 (50.0) 28 (66.7) 16 (53.3)
Gestational age (wk) ~ Mean £SD 301 32+1 33+1 <0.001
APGAR 1 minute Median (range) 4(3-5) 6(5-7) 8 (6-8) <0.001
APGAR 5 minutes Median (range) 6 (6 -6) 8(7-9) 9(8-10) <0.001
Birth weight (Kg) Mean +SD 1.4 £0.16 1.5 +0.14 1.6+0.15  <0.001
RDS Grade I n (%) 0 (0.0 16 (38.1) - <0.001

I n(%) 2 (11.1) 25 (59.5) -

- n (%) 12 (66.7) 1(2.4) -

IV n (%) 4 (22.2) 0(0.0) -
Mechanical ventilator  n (%) 16 (88.9) 21 (50.0) - <0.001
Inotropes n (%) 7(38.9) 11 (26.2) - 0.002
Sepsis n (%) 6 (33.3) 17 (40.5) - <0.001
Oliguria n (%) 5(27.8) 0 (0.0) - <0.001
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Laboratory findings:

BUN D showed an overall significant
difference between the studied groups at day 3 (P =
0.031), day 5 (P < 0.001), and day 7 (P < 0.001).

Post hoc analyses showed that at day 3, it was
significantly lower in group I (13.9 mg/dl) than group
Il (151 mg/dl). On day 5 and day 7, it was
significantly higher in group | (17.6 & 20.8 mg/dl,
respectively) than group Il (14.3 & 13.9 mg/dl,
respectively) and 111 (13.1 & 11.9 mg/dl, respectively).

Also, it was significantly higher in group Il
(14.3 & 13.9 mg/dl, respectively) than group I (13.1
& 11.9 mg/dl, respectively) (Table 3).

Serum creatinine showed no significant
difference between the studied groups at day 3 (P =
0.273). At day 5 and day 7, it was significantly higher
in group | (1.4 & 1.8 mg/dl, respectively) than groups
Il (0.7 & 0.6 mg/dl, respectively) and Il (0.6 & 0.5
mg/dl, respectively). Also, it was significantly higher
in group Il (0.7 & 0.6 mg/dl, respectively) than group
111 (0.6 & 0.5 mg/dl, respectively) (Table 3).

Day 3's analysis of serum cystatin C revealed a
significant overall difference between the groups under
study (P 0.001). It was substantially greater in group |
(1.7 mg/l) than in groups Il (1.1 mg/l) and 111 (01 mg/l)
in post hoc analyses. Additionally, group Il had a
substantially greater level of it (1.1 mg/l) than group
11 (12 mg/). (Table 3).

Serum NEGAL showed an overall significant
difference between the studied groups at day 3 (P <
0.001). Post hoc analyses showed that it was
significantly higher in group | (244 mg/ml) than
groups Il (32 mg/ml) and 111 (36 mg/ml) (Table 3).

significant AUC of 1 (P < 0.001 for each). The best
cut-off points were > 1.25 mg/l for serum cystatin and
> 64 mg/ml for serum NEGAL, at which sensitivity
and specificity were 100% for both (Figure 1).

Correlation between different markers at day 3 and
RDS grade in neonates with AKI: At day 3, serum
cystatin C showed a significant positive correlation
with RDS grade (r = 0.601 & P = 0.008). In contrast,
serum creatinine and serum NEGAL showed non-
significant correlations with RDS grade (Table 4).

1.0

S.Creatinine
S.Cystatin C

0.3 ——S.NEGAL

0.6

Sensitivity

0.4

0.2

0.0 0.2 0.4

1 - Specificity

0.6 0.3 1.0

Figure (1): ROC analysis of serum creatinine,
cystatin C, and NEGAL in predicting AKI

Table (4): Correlation between different markers at
day 3 and RDS grade in neonates with AKI

Table (4): Laboratory findings in the studied groups S. Creatinine  S.CystatinC  S.NEGAL
Group | Group Il Group I P- (mg/dl) (mg/l) (ng/ml)
(n=18) (n=42) (n=30) value r P r P r P
BUN D (mg/dl) RDS
13.9 Grade -0.197 0.433 .601* 0.008 0.322 0.192
Day 3 +1.4 151+16° 14619 0.031 Spearman’s correlation was used, r: Correlation coefficient
Day 5 176+1.8  143#15° 131#17 <0.001 -
Day 7 208421 139%16° 11.9%14 <0.001
Serum creatinine (mg/dl) DISCUSSION
Day 3 0.83+0.1  0.78+0.11 0.79+0.12 0.273 AKI was 20% of the time in our unit. This is
Day 5 14402 07401 06401 <0001  Similar with the study by Koralkar et al. © which
Day 7 1.8+0.2 06+0.1 05+0.1 <0.001 found that 18% of 229 VLBW infants had AKI using
Serum cystatin C (mg/I) modified KDIGO criteria.
Day 3 17401 1101 1402  <0.001 Earlier research either utilised urine output or
Serum NEGAL (mg/ml) serum creatinine as the criteria, or just serum
Day 3 244 £60.1 3248 36485 <0001  creatinine. AKI was present in 20% and 6.3% of the

ROC analysis for AKI prediction in neonates with
RDS: ROC analyses were done for serum creatinine,
serum cystatin, and serum NEGAL at day 3 for
prediction of AKI in RDS neonates. Serum creatinine
showed a non-significant AUC of 0.653 (P = 0.062). In
contrast, serum cystatin C and NEGAL showed a
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patients, respectively, highlighting the need of having
AKI defined consistently “* V. The wide variability of
incidence of AKI in the available data from different
units can be attributed to demographic characteristics
of population studied, and secondly no consensus
definition of AKI was used.
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In the current study, birth weight showed an
overall significant difference between the studied
groups (P <0.001). In post-hoc analyses, it was
significantly lower in group I (1.4 kg) than groups Il
and 111 (1.5 kg & 1.6 kg, respectively).

Similar to this, a prior Indian study revealed
that the proportion of infants in the AKI group with
birth weights under 2500 g was higher than that of
healthy newborns “?. This was also supported by
Ahmed et al. ¥, who found that neonates in the RDS-
AKI subgroup had significantly lower mean birth
weights than controls (p=0.025).

In the current study, gestational age showed an
overall significant difference between the three groups
(P < 0.001). Post-hoc analyses revealed that it was
significantly lower in group | (30 weeks) than groups
I1 (32 weeks) and 11 (33 weeks).

This is consistent with the findings of Ahmed
et al. ™, who discovered that neonates with AKI had
considerably lower gestational ages than non-AK
neonates (27.6 vs. 30.3 weeks, p0.001). According to a
study by Stojanovi et al. “ newborns with AKI had
considerably lower GA than neonates without AKI,
which is consistent with the findings of this
investigation.

In current study, there is a male predominance
(55.6%) in Group I.

This was in line with the findings of Bansal et
al. ™, who noted that the AKI group consisted
primarily of male neonates (n=61; 82.4%). This runs
counter to a different NICU study which found a
higher rate of AKI among girls ®©.

Our study showed that, sepsis was
significantly higher in group Il (40.5%) than group |
(33.3%). In numerous research conducted across the
world, sepsis has repeatedly been linked to an
increased chance of developing AKI, accounting for as
many as 78% of cases in some studies of newborns ®©.
According to a research by Mathur et al. ™) from
India, 26% of 200 neonates with sepsis went on to
develop AKI. The study came to the conclusion that
people with AKI had lower birth weights and were
more susceptible to septic shock, meningitis, and
disseminated intravascular coagulation. Due to
secondary hypotension brought on by sepsis and a
direct negative impact on the renal microvasculature,
neonates with sepsis are thought to be prone to
developing acute kidney injury (AKI).

In this study, Apgar scores at 1 and 5 minutes
showed an overall significant difference between the
studied groups (P < 0.001). Post hoc analyses showed
that they were significantly lower in group | (4 and 6,
respectively) than groups Il (6 and 8, respectively) and
Il (8 & 9, respectively). Also, they were significantly
lower in group Il (6 and 8, respectively) than group Il
(8 & 9, respectively). This was consistent with the
results of Abdelaal et al. ®”, who investigated the
potential utility of serum cystatin C (sCysC) as a
marker for acute kidney injury (AKI) in preterm

(15)
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neonates with respiratory distress syndrome (RDS).
They showed that compared to neonates with RDS but
no AKI, neonates with RDS-AKI had significantly
lower Apgar scores at 1 and 5 minutes.

This is in line with the research of Bansal et
al. ™, who found a significant relationship between
AKI and low APGAR scores at one and five minutes.

Our study revealed that group | patients were
substantially more likely than group Il patients to
require mechanical ventilators and inotropes (88.9%
vs. 38.9% vs. 50% vs. 26.2%, respectively); the
corresponding P values were 0.001 and 0.002,
respectively.

This was in line with the observation made by
Bansal et al. *® that AKI and the need for mechanical
ventilation were related to death.

This contradicted the findings of Abdelaal et
al. %", who discovered no statistically significant
difference in mechanical ventilation between newborns
with and without AKI; nonetheless, the AKI group
required more mechanical ventilation and spent more
time in the NICU.

Our study revealed that, oliguria was
significantly higher in group | (27.8%) than group I
(0.0%) (P < 0.001).

This was in line with research by Youssef et
al. “® who observed that oliguria was present in
29.6% of AKI cases, and Girish et al. ™, who
discovered that oliguria was present in 37.5% of
asphyxiated newborns with AKI.

Our study revealed that, serum creatinine
showed no significant difference between the studied
groups at day 3 (P = 0.273). At day 5 and day 7, it was
significantly higher in group | (1.4 & 1.8 mg/dl,
respectively) than groups Il (0.7 & 0.6 mg/dl,
respectively) and 11l (0.6 & 0.5 mg/dl, respectively).
Also, it was significantly higher in group Il (0.7 & 0.6
mg/dl, respectively) than group Il (0.6 & 0.5 mg/dl,
respectively).

This was in agreement with Abdelaal et al.
@7 who said that even in individuals with decreasing
renal function indicated by AKI classification, we
could not discover any significant change in sCr in, or
between, the research groups and subgroups at the time
points days of life (DOL)-1 and DOL-3. The mean sCr
values among newborns with AKI were substantially
greater only at DOL-7.

This is in line with what Youssef et al.
discovered, who identified no differences in sCr levels
or eGFR between neonates with RDS and controls at
DOL-1 or between neonates in the RDS group at
DOL-1 and DOL-3.

In line with our study, Elmas et al. ®” showed
no differences in sCr between RDS with AKI, RDS
without AKI, and controls at DOL- 3 and DOL-30.

Our research found that, on day 3, there was a
statistically significant difference between the analysed
groups in terms of serum cystatin C (P 0.001). It was
substantially greater in group | (1.7 mg/l) than in

an
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groups Il (1.1 mg/l) and Il (01 mg/l) in post hoc
analyses. Additionally, group Il had a substantially
greater level of it (1.1 mg/l) than group 111 (1 mg/l).

In addition, Elmas et al. “ observed that the
sCys C levels on DOL-3 in the RDS-AKI subgroup
were significantly higher than those in the RDS-no
AKI subgroup and the control group, and they
proposed that an elevated sCys C level might function
as a reliable early marker of renal function in neonates
with RDS.

According to the current study, by day 3 there
was a statistically significant difference between the
analysed groups' serum NEGAL levels (P 0.001). It
was substantially greater in group | (244 mg/ml)
compared to groups Il (32 mg/ml) and Il (36 mg/ml),
according to post hoc analyses.

According to Baumert et al. @, NGAL
concentrations in the umbilical cord and venous blood
were significantly different in asphyxiated babies with
and without AKI after 24 hours of life.

ROC analyses were done for serum creatinine,
serum cystatin, and serum NEGAL at day 3 for
prediction of AKI in RDS neonates. Serum creatinine
showed a non-significant AUC of 0.653 (P = 0.062). In
contrast, serum cystatin C and NEGAL showed a
significant AUC of 1 (P < 0.001 for each). The best
cut-off points were > 1.25 mg/l for serum cystatin and
> 64 mg/ml for serum NEGAL, at which sensitivity
and specificity were 100% for both.

In a cross-sectional observational cohort of
preterm newborns, Abitbol et al. ®® demonstrated that
sCys C level is a superior biomarker to sCr in the
assessment of GFR. Our findings are consistent with
their findings.

Serum NGAL concentration, at a cut-off value
of 140.7 mg/dL after 24 h, was able to predict the
onset of AKI with high sensitivity (88.9%) and
specificity  (95.0%), while umbilical NGAL
concentration was characterised by low sensitivity
(55.6%) but high specificity (89.5%) for the prediction
of AKI, according to Baumert et al. ®'s analysis of
the ROC curve.

In a manner similar to Abdelaal et al. ®”, who
recommended using Cys C to diagnose AKI starting
on the first day of life because they discovered that
Cys C measured on the third day of life was superior to
SCr in detecting AKI in critically ill neonates and that
its level rises 48 hours before the rise of creatinine
level.

Our research supports the findings of Abitbol
et al. ® who demonstrated that s CysC level is a
superior biomarker to sCr for determining GFR in a
cross-sectional observational cohort of premature
infants.

In a recent study, Zhang et al. ®® compared
the sensitivity and specificity of serum creatinine and
new biomarkers for AKI in neonates and discovered
that there were significant differences between the
AKI and nonAKI groups in terms of serum Cys C, 2-
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MG, urinary NGAL, and 1-MG. This finding provides
strong support for the conclusion they reached (p
0.05).
CONCLUSION

NGAL and sCys C levels were found to have a
statistically significant association with development
of AKI in preterm neonates with RDS and they are
elevated earlier than sCr which makes NGAL and
sCys C a good predictive marker for AKI in preterm
neonates better than sCr.
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