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ABSTRACT

OBJECTIVE: Acute kidney injury is an important problem in neonates. We conducted a cross-sectional
prospective study to determine normal serum blood urea nitrogen, creatinine reference ranges and
ranges of ultrasonographic measurement of kidneys in healthy term newborns.

STUDY DESIGN: Blood samples were collected from total 357 healthy newborns at birth (n=45), 1st
(n=30), 31 (n=61), 7t (n=34), 10t (n=132), 14" (n=36), and 28" (n=19) days of life. Renal ultrasono-
graphic was performed by the same two radiologists on 81 newborns aged 10 days.

RESULTS: Serum blood urea nitrogen and creatinine concentrations have reached to the highest level
at the first day of life and have returned to cord level at the third day of life. There were gradually de-
crease in serum blood urea nitrogen and creatinine levels after the first day of life. There were signifi-
cant difference in both right and left renal length, width, and volumes in terms of gender and these pa-
rameters were statistically higher in boys than girls (p<0.05). Birth weight of the boys (3548+539g) was
statistically higher than girls (3307+405 g) (p=0.028). There was a positive correlation between birth
weight and right (r=0.38, p=0.000) and left kidney volumes (r=0.44, p=0.000).

CONCLUSION: Our findings showed that measured blood urea nitrogen and creatinine levels changed
in accordance with postnatal days and there was a positive correlation between kidney volume and birth
weight of newborns. We concluded that these findings are important for evaluation of acute kidney in-
jury and for screening of for urinary tract anomalies in neonates.
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ity of critically ill neonates (1).

Acute kidney injury (AKI) is characterized by the abrupt
inability of the kidneys to adequately excrete waste products
and regulate fluid and electrolyte homeostasis appropriately.
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Acute kidney injury in the newborn is an important prob-
lem and 8-24% of the neonates admitted to neonatal intensive
care unit have AKI (2). Developmental immaturity that limits
the function of the immature kidney, hemodynamic changes

o . like hypotension and hypoxia at birth and in the early neona-
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Early diagnosis of neonatal renal pathology is extremely
important for newborns to prevent or delay kidney injury.
Renal functional tests and ultrasonography (USG) were com-
monly used for neonatal renal pathology. USG is a noninva-
sive imaging modality that can be used for assessment of renal
diseases or congenital renal anomalies in neonate. Serum
blood urea nitrogen (BUN) and Cr concentration may be
changed in the neonatal period. Knowledge of reference
ranges for normal serum BUN, Cr concentration and normal
renal parameters determined with USG is essential for the ac-
curate evaluation of renal diseases or anomalies. Although
serum BUN and Cr values in infants with very low birth
weight during their first days of life are frequently studied,
knowledge about BUN and Cr values in term newborns is lim-
ited (3). This study was undertaken to determine ranges of ul-
trasonographic measurement of kidneys and both of normal
serum BUN, Cr reference ranges in healthy term newborns on
cord blood and 1%, 3« 7t 10, 14t 28" days of life.

Material and Method

This cross-sectional prospective study was carried out in
357 healthy term newborns, from June 2008 to December
2013. Inclusion criteria were (i) an Apgar score of >7 at 1+
and 5" minutes of life for newborns (ii) 37-42 weeks’ gesta-
tion (iii) appropriate height, weight and head circumference
for gestational age, (iv) having no history of renal pathology
in utero fetal USG and (v) mothers having no history of renal
disease and having normal BUN and Cr level.

Newborns with any congenital malformation or suspected
syndrome, intrauterine growth retardation or any suspicion of
systemic disease, weighing <2.5 kg, patients with hyperbiliru-
binemia, hypertriglyceridemia and hypernatremic dehydration
or neonates with weight loss more than 10% of birth weight in
the first week of life and samples with hemolysis were ex-
cluded. Birth weight, gestational age (GA), height, head cir-
cumference, gender, delivery type, Apgar scores, weight of
newborns on 1st, 31 |7t “10h 14t and 28 days of their life,
maternal BUN and Cr levels before delivery were recorded.

Blood samples were collected from 357 healthy newborns
at birth (cord; n: 45) and on the 1¢t (n: 30), 39 (n: 61), 7% (n:
34), 10™ (n: 132), 14" (n: 36) and 28" (n: 19) days of life.
Mixed cord blood samples from both the umbilical artery and
vein were obtained. Venous blood samples were obtained for
the other days.

Serum was separated according to standard procedures and
stored at -80°C until analyzed. Concentrations of BUN [manu-
facturer’s reference limits for infants (<1 year): 4-19 mg/dL]
and Cr (manufacturer’s reference limits for term neonate: 0.24-
0.85 mg/dL) were measured using commercial kits (Roche
Diagnostics GmbH, Mannheim, Germany) by kinetic enzy-
matic method and the kinetic Jaffé method respectively, on a
The Hitachi modular system auto analyzer (Tokyo, Japan).
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Renal USG was performed by the same two radiologists
on 81 newborns aged 10 days. Siemens Acuson Antares ultra-
sonography and a C5-2MHz convex probe were used for the
measurement. Maximum length (L) width (W) and depth (D)
were measured on both sides for calculating kidney volume.
The kidney volume was calculated using the ellipsoid volume
formula as LxWxDx0.523 (4,5). Anteroposterior (AP) diam-
eter of the renal pelvis and parenchymal thickness were also
measured. Ethical approval and written informed consent
were obtained from parents.

Statistical analysis

The descriptive statistical analysis was performed for all
the studied variables. SPSS 21.0 was used to analyze and data
obtained by measurements are given as means+ standard de-
viation (SD), medians, 2.5%, 10% 90" and 97.5" percentiles.
The data obtained in measurements of the normal distribution
were analyzed using the Kolmogorov—Smirnov test. Data in
conformity with normal distribution were analyzed using
Students t-test, and those not conforming to normal distribu-
tion using the Mann Whitney U-test. Pearson’s or Spearman
Correlation test was used for correlation. The results of the
analysis are presented as p-values, p <0.05 was regarded as
statistically significant.

Results

This study was carried out in 357 term healthy newborns.
Blood samples were obtained from 357 newborns. USG eval-
uation was performed on 81 (61 %) of 132 blood taken patients
on the 10th day of life. Mean birth weight, height and head cir-
cumference of all newborns were 3539+£554 g, 50.0+1.5 cm,
and 34.9+0.8 cm, respectively. Forty-eight percent of these
newborns (n=173) were female. Sixty-two percent of new-
borns (n=223) were born through vaginal deliveries.

Percentiles (2.5, 10, 90, 97.5), mean + standard deviation
and median values of BUN (mg/dL) and Cr (mg/dL) in neona-
tal period are shown in table 1 and table 2, respectively.
Maternal BUN and Cr level were 10.6£3.4 (5-18) and
0.45+0.16 (0.03-0.68), respectively. There were no statistically
difference between maternal BUN, Cr concentrations and cord
BUN, Cr concentrations (p>0.05). There was an increase at the
first day of life and then gradually decrease in serum BUN and
Cr levels after the first day of life. Serum BUN and Cr concen-
trations have reached to the highest level at the first day of life
and returned to cord level on the third day of life.

There was no statistically significant difference between
males and females in terms of serum BUN and Cr levels
(p>0.05). There were also no statistically significant differ-
ence between levels of serum BUN and Cr among newborns
delivered by Caesarian section and those delivered vaginally
both in cord and first day taken blood samples, respectively
(p>0.05). In newborns delivered by Caesarian section, cord
levels of BUN and Cr were 10.0+3.2 (4.8-16.2) and 0.46+0.2
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(0.05-0.73); first day taken BUN and Cr levels were 13.0£5.1
(4.8-21.5) and 0.6+0.3 (0.1-1.12). In newborns delivered vagi-
nally, cord levels of BUN and Cr were 9.2+2.2 (4.4-14.6) and
0.4+0.12 (0.02-0.68); first day taken BUN and Cr levels were
12.843.9 (4.4-19.5) and 0.56+0.2 (0.07-1).

Renal USG was performed on 23% (n=81) of all newborns
and 46% (n=37) of these were female. There were no signifi-
cant difference between girls and boys in terms of gestational
age, head circumference and length of newborns assessed by
USG. But birth weight was statistically higher in boys
(3548+539 g) than girls (33074405 g) (p=0.028). Median val-
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ues, 2.5, 10, 90, 97.5 percentiles and mean + SD (minimum-
maximum) and p-values of kidneys’ length, width, depth, vol-
ume, parenchymal thickness and AP pelvic diameter of the
kidneys according to gender were shown in table 3 and 4.
There were significant difference in both right and left renal
length, width, and volumes in terms of gender and these pa-
rameters were statistically higher in boys than girls (p<0.05)
(Table 4). There was no significant difference in renal depth,
parenchymal thickness and anterior posterior pelvic diameter
in terms of gender between right and left kidneys (p>0.05)
(Table 4).

Table 1: Percentiles, median and Mean+SD values of BUN (mg/dL)

Age n 2.5h 10t Median 90t 97.5% Mean+SD

Cord 45 4.6 6.0 9.2 13.8 15.8 9.6+£2.7 (4.4-16.2)
1st day 30 4.4 6.7 12.3 201 21.5 12.9+4.5 (4.4-21.5)
3 day 61 3.0 4.3 10.2 23.7 34.4 11.3+7.4 (3.0-34.4)
7t day 34 2.7 3.1 6.2 16.3 23.1 8.0+4.9 (2.7-23.1)
10t day 132 3.1 4.2 7.4 10.5 12.7 7.2+2.3 (2.9-13.8)
14t day 36 25 3.2 6.8 13.4 17.3 7.6£3.6 (2.5-17.6)
28" day 19 23 3.3 6.8 10.0 12.0 6.7£2.5 (2.3-12)

* To convert from milligrams per deciliter (mg/dl) of blood urea nitrogen to micromoles per liter (umol/l), multiply by 0.357

Table 2: Percentiles, median and Mean+SD values of Cr (mg/dL) in neonatal period

Age n 2.5t 10t median 9ot 97.5h MeantSD

Cord 45 0.03 0.27 0.44 0.64 0.72 0.43+0.15 (0.02-0.73)
1st day 30 0.07 0.33 0.54 0.92 1.1 0.58+0.24 (0.07-1.12)
3 day 61 0.02 0.07 0.35 0.72 0.84 0.36+0.25 (0.01-0.85)
7™ day 34 0.03 0.07 0.27 0.48 0.49 0.25+0.15 (0.03-0.50)
10t day 132 0.02 0.10 0.28 0.42 0.50 0.26+0.13 (0.02-0.51)
14 day 36 0.02 0.06 0.21 0.45 0.74 0.24+0.16 (0.02-0.77)
28" day 19 0.05 0.07 0.10 0.25 0.28 0.12+0.06 (0.05-0.29)

** To convert from milligrams per deciliter (mg/dL) of creatinine to micromoles per liter (umol/L), multiply by 88.4

Table 3: Percentiles of ultrasonographic measurements of renal parameters according to gender

Male Female

2.5 10t Median 9ot 97.5t 2.5 10"  Median 90" 97.5"
Right renal length (mm) 36.9 39.1 45.9 52.0 57.6 33.7 39.0 43.1 48.0 49.0
Right renal width (mm) 18.1 20.0 25.0 30 33.3 19 198 236 273 32
Right renal depth (mm) 1.5 17.0 22.0 26.5 27.9 134 156 21 243 283
Right volume (cm?3) 7.1 9 13.1 18.4 19.9 5.9 8.3 10.8 15.0 197
Right parenchymal thickness(mm) 5.7 6.3 7.4 10.3 13.1 6.2 6.4 7.7 9.5 9.9
Right A-P pelvic diameter (mm) 0 0 1.0 4.7 4.8 0 0 1.1 2.6 3.0
Left renal length (mm) 37.0 41.0 48.0 52.0 56.5 241 385 440 48.2 50.9
Left renal width (mm) 17.4 21.5 25.0 28.4 31.0 17.0 195 241 264 280
Left renal depth (mm) 15.1 17.5 21.0 25.6 28.6 14.0 158 200 233 3838
Left volume(cm?) 8.0 9.1 13.5 18.5 20.2 6.3 8.4 1.5 135 159
Left parenchymal thickness(mm) 6.2 6.4 7.8 10.8 134 59 6.9 8.0 99 1.9
Left A-P pelvic diameter (mm) 0 0 1.65 4.5 4.8 0 0 1.9 4.0 4.7

A-P: Anterior posterior
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Table 4: P values and Mean+SD values of ultrasonographic measurements of renal parameters according to gender

Male Female

MeanSD(min-max) Mean+SD(min-max) P
Right renal length (mm) 45.4+ 4.9 (36.8-58) 43.3+£3.4(33.7-49) 0.036
Right renal width (mm) 25.2+3.5(18-33) 23.6+2.8(19-32) 0.037
Right renal depth (mm) 21.7+3.1(15-28) 20.9+2.9(14-28) 0.26
Right volume (cm?3) 13.3+4.0(6.7-23.3) 11.542.8(5.7-20.4) 0.018
Right parenchymal thickness (mm) 8.0£1.6(5.7-13.2) 7.8£1.1(6.2-9.9) 0.78
Right A-P pelvic diameter (mm) 1.9+1.4(0-4.8) 1.41£0.7(0-3) 0.71
Left renal length (mm) 47.1+4.6(36.7-59) 44.2+3.3(37.9-51) 0.01
Left renal width (mm) 25.1+£2.5(17-31) 23.5+2.7(17-28) 0.016
Left renal depth (mm) 21.2+3.0(15-28.8) 19.9+2.5(14-25.6) 0.37
Left volume(cm?) 13.4£3.2(7-20) 10.9+2.3(6.2-16.2) 0.001
Left parenchymal thickness (mm) 8.2+1.7(6.2-13.5) 8.0+1.3(5.9-12.1) 0.81
Left A-P pelvic diameter (mm) 2.241.5(0-4.8) 1.841.2(0-4.7) 0.81

A-P: Anterior posterior

There were a positive correlation between birth weight of
newborns and right kidney length (r=0.38, p=0.000), left kid-
ney length (r=0.27, p=0.012), right kidney depth (r=0.32,
p=0.003), right kidney width (r=0.28, p=0.009), left kidney
width (r=0.30, p=0.008), right kidney volumes(r=0.38,
p=0.000) and left kidney volumes (r=0.44, p=0.000). There
was no significant correlation between height and kidney pa-
rameters on each sides.

Discussion

Early diagnosis of neonatal renal pathology is extremely
important for prevention or treatment of the renal diseases. If
these pathologies are not early detected and subsequently
managed, many of these abnormalities would manifest later in
life as pyelonephritis, hypertension, or even end-stage renal
failure. Kidney size, renal parenchymal thickness and renal
pelvis size are important for recognition of obstructive renal
disease associated with hydronephrosis and including congen-
ital renal anomalies such as polycystic kidney diseases.
Determination of nitrogen degradation products is very sub-
stantial for diagnosis of AKI in newborn since approximately
half of AKI in newborns may go non-oliguric. This article de-
fines measurements of kidneys of healthy newborns in the
neonatal period.

Newborns are considered to have AKI if the plasma Cr is
more than 1.5 mg/dL for at least 24 to 48 hours while mother’s
renal function is normal or with an increase in serum Cr by 0.3
mg/dl/day and/or plasma BUN >20 mg/dL (2,6-10). In our
study, the serum Cr and BUN levels at birth were similar to the
concentration of their mothers. BUN and Cr levels have
reached to the highest level at 24 hours of life. After then BUN
and Cr levels have gradually decreased to cord levels at the
3rd days of life. This aspect of our study, contributes to the
evaluation of AKI in the neonatal period because of indicating

the reference range of plasma BUN and Cr according to post-
natal ages.

Median cord serum Cr concentration is almost equivalent
to the maternal level (11), as in our results. Neonatal serum Cr
initially reflects maternal values and then decreases over sub-
sequent weeks after birth at different rates depending on ges-
tational age. Pottel et al. (12) reported that an increase in
serum Cr level on the first days of life. Boer et al. (13) showed
that a rapid decline of serum Cr during the first weeks of life.
Median cord serum Cr concentration was given by Boer et al.
(13) as 0.62 mg/dL and by Pottel et al. (12) as 0.75 mg/dL.
The median serum Cr concentration at 28 days is given as 0.28
mg/dL by Boer et al. (13) and as 0.30 mg/dL by Pottel et al.
(12). Serum Cr concentrations were found to be lower in our
study as 0.44 mg/dL for the median at birth and as 0.10 mg/dL
for the median at 28 days. It could be related to the serum Cr
assay used or ethnicity.

Subramanian et al. (14) reported that serum Cr fails to fall
below maternal plasma Cr within 5-7 days. Gallini et al. (15)
showed that serum Cr level gradually increased until the
fourth day of life in neonates with GA <28 weeks and there
was also an increase at the first day of life in neonates with GA
28-32 weeks. There is a strong inversely correlation between
serum Cr and GA in the first 48 hours of life. Serum Cr con-
centration rises dramatically in the first 48 hours of life in pre-
mature infants with GA 23-35 weeks (16). Sudden cessation
of the maternal clearance, low glomerular filtration rate, ma-
ternal Cr load on Cr concentration, low tubular clearance of
Cr, passive back-diffusion of Cr concentration can increase
the serum Cr levels in newborns at the first days of life (11,
13). We have shown an increase in serum Cr concentrations at
the 1t day of life, serum Cr concentrations decreased to cord
level at the 3 day of life, after than a gradually decrease was
observed in the neonatal period in term infants.
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After birth, there is a fluid contraction in the extra cellular
fluid (ECF). Atrial natriuretic peptide plays a role in the post
natal contraction of the ECF (17). A high value of BUN can
result from catabolism, dehydration, high protein load or renal
failure (11). Dehydration can cause an increase in serum BUN
level on the first day of life. Serum BUN levels have returned
to cord levels at the third day of life. After then serum Cr and
BUN levels have gradually decreased in the neonatal period.

With the increase in the use of antenatal sonography, fetal
renal abnormalities such as hydronephrosis, cystic renal dis-
case have been detected more frequently. Normal parameters
are required for determination of abnormal kidneys. In this
study, we measured normal parameters of the kidneys and in-
vestigated whether there are significant differences in the
sonographic characteristics of the kidney in male and female
neonates. Yamazaki et al. (18) reported that kidney longitudi-
nal length and largest area were significantly greater in males
on each side. Adeyekun et al. (19) reported that total renal vol-
ume and renal length showed significant correlation with
weight and height, but they concluded that neonatal renal size
are independent from gender and race. Soyupak et al. (20)
showed that there was positive correlation between weight,
height and abdominal organ size. In our study, there was sig-
nificant difference in both right and left renal length, width,
and volumes in terms of gender and these parameters were sta-
tistically higher in boys than girls. In our cases, renal volume,
renal length, width showed significant correlation with birth
weight. These differences should be considered when sonog-
raphy is done for screening for urinary tract anomalies in new-
borns. But we have not determined significant correlation be-
tween height and kidney parameters on each side.

Anteroposterior diameter of the renal pelvis is important
for the evaluation of hydronephrosis. Leung et al. reported that
the maximum AP diameter of the renal pelvis on either right
or left sides of all fetuses with 37 gestational age ranged from
0.1 to 6.3 mm (male: 2.69+0.93 mm and female: 2.46+0.87
mm) and male fetuses were found to have greater AP diame-
ter of renal pelvis than female (21). In our study, AP diameter
of the renal pelvis was on either right 1.2+1.2 (0-4.8) mm and
on left sides 1.9+1.5 (0-4.9) mm. But we did not find signifi-
cant difference between male and female in terms of AP di-
ameter of the renal pelvis.

Fetal hydronephrosis is a common finding on antenatal ul-
trasound examination occurring in 0.5 to 1 percent of preg-
nancies (22). Although hydronephrosis is a transient, physio-
logic state in most cases, urinary tract obstruction such as
ureteropelvic junction obstruction, posterior urethral valves
and vesicoureteral reflux can occasionally be causal. Lee et al.
(23) reported that 36 percent of patients with antenatal hy-
dronephrosis have renal/urinary tract abnormalities in postna-
tal evaluation. Measurement of the maximum AP diameter of
the renal pelvis in the transverse plane is the most generally
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accepted method to define hydronephrosis. There is no con-
sensus on the threshold AP diameter of the renal pelvis that de-
fines clinically significant antenatal hydronephrosis that ne-
cessitates postnatal follow-up and has a high likelihood for
renal pathology.

We conclude that our results can suggest a significant con-
tribution to the evaluation of newborns with AKI and renal ab-
normalities such as antenatal hydronephrosis. Our results have
shown that measured BUN and Cr levels change according to
postnatal days. There is a strong correlation between kidney
volume and birth weight of newborn babies. Ultrasonographic
parameters of the kidney vary in terms of gender. These dif-
ferences should be considered when sonography is done for
screening for urinary tract anomalies in newborns.

This study provides a satisfactory evalution for serum
BUN, Cr concentration and ultrasonographic measurement of
the kidneys in term healthy newborns in the neonatal period.
But the weakness of our study is the inability to perform USG
for all blood taken patients. Besides, serial blood measure-
ment could not be made from same patients. The strength of
our study is the frequent measurement of BUN and Cr values
in the neonatal period and assesment of both USG and serum
BUN, Cr concentration. Further studies in a larger collective
are needed.
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