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Objective: A single value of plasma creatinine cannot be used to define

renal dysfunction in premature babies, as levels are influenced by gestation

and postnatal age. The aim of this study was to create reference ranges for

plasma creatinine in cohort of extremely premature infants.

Study Design: Retrospective analysis of plasma creatinine levels in the

first 8 weeks of life from 161 consecutively admitted premature infants 28

weeks gestation.

Result: Babies were divided into three groups according to gestation. Peak

(10th, 90th percentiles) creatinine levels were 132 (106,162) in 22 to 24

weeks gestational infants, 127 (89,151) in those from 25 to 26 weeks and

110 (87,134) in those from 27 to 28 weeks (P<0.001). Creatinine at birth

was similar across the groups with levels increasing during the first few

days. It decreases thereafter before reaching stable levels by 5 weeks of age.

Conclusion: Gestation- and age-based reference charts should be used

for interpretation of creatinine values in extremely premature babies.
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Introduction

Plasma creatinine is the most widely used marker of renal
function, with levels above 130mmol l�1 (1.5 mg per 100 ml)
considered indicative of renal impairment in newborn.1 In the
preterm infant, creatinine levels are influenced by gestation and
postnatal age. It has, therefore, been suggested that the diagnosis of
renal dysfunction in preterm infants should be based on reference
charts rather than on a single cutoff value during the early
neonatal period.2,3 While reference data are available for both term
and moderately preterm infants,4–8 there are limited data in
extremely premature babies born at <28 weeks gestation, especially

in the first few days of life. Available data suggest that creatinine
levels in these babies are much higher than in more mature
preterm babies during the first few days of life, decreasing
thereafter to the normal term reference range.9 These high
levels are thought to be a reflection of immaturity of kidney
function, which would be inversely related to gestation.

For babies born at extremes of viability, meticulous attention to
fluid balance and perfusion is crucial, especially in the first few
days after birth. While creatinine can be a useful surrogate marker
of renal function and renal perfusion, absence of reference ranges
makes it difficult to interpret creatinine levels in this population.
We, therefore, wanted to create creatinine reference values for the
early neonatal period in a recent cohort of extremely premature
infants <28 weeks of gestation.

Methods

Data were retrospectively collected on plasma creatinine levels for
all premature infants <28 weeks gestation admitted to a single
tertiary neonatal intensive care unit between 2001 and 2004.
Creatinine levels were measured by modified kinetic Jaffe reaction
in the laboratory using an Olympus analyzer. This method has
been previously validated as having minimal interference from
noncreatinine chromogens, such as bilirubin. Unit policy involved
measurement of plasma creatinine levels 6 to 8 h in the first few
days of life and then daily until the baby was clinically stable.
Subsequently, creatinine was measured 1 to 2 times per week until
discharge. Data on antenatal problems, use of antenatal steroids,
ethnicity, mode of delivery, birth weight, gestation, clinical risk
index for babies (CRIB) score, Apgar score and the main neonatal
diagnosis were collected from the neonatal database and medical
notes. Infants with congenital renal malformations and obstructive
uropathy were excluded.

All infants were nursed in well-humidified servo-controlled
incubators with polythene sheets over the babies maintaining high
humidity during the first week. Unit policy was to keep humidity
above 90%. Intravenous fluids were commenced according to the
unit protocol that is 60 ml kg�1 on day 1, increased daily
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depending on weight changes, hydration status and electrolyte
measurements (generally 90 ml per kg per day on day 2, 120 ml
per kg per day on day 3 and 150 ml per kg per day on day 4 and
180 ml per kg per day by day 5). Sodium was added to intravenous
fluids once weight loss of more than 5% had occurred. Total
parenteral nutrition was commenced as soon as possible (generally
by 24 to 48 h), once the electrolytes were stable. Blood pressure was
monitored by continuous invasive blood pressure monitoring,
whenever possible. It was our unit policy to maintain mean blood
pressure above 30 mm of mercury and inotropes were used if
required. While prophylactic indomethacin was not used, unit
policy was to perform echocardiography with selective
administration of indomethacin to those infants with significant
patent ductus arteriosus. Six doses of indometacin (that is, 100 mg
per kg per dose intravenously once a day) were given in the first
instance for ductal closure. A second course of indometacin
(200 mg per kg per dose intravenously 12 h� 3 doses) was
sometimes used if duct was still persisting and was thought to be
hemodynamically significant. Severe thrombocytopenia, suspected
necrotizing enterocolitis, persistent anuria were contraindications
for indometacin therapy.

Most of the babies were ventilated using conventional
ventilation or high-frequency oscillatory ventilation. Infants with
respiratory distress were also started on penicillin and gentamicin
(4 mg per day, once a day). Dosage and interval were adjusted to
maintain trough levels less than 2 mg l�1 and peak levels of 5 to
10 mg l�1.

The study was approved by clinical effectiveness unit of Barts
and London NHS Trust.

Analysis

The data were examined for normality of distribution. Repeated
measure analysis of variance (ANOVA) was used to examine the
creatinine levels at various gestation categories, birth weight and
postnatal ages. The correlation between continuous variables were
examined by Pearson correlation coefficient. Variables that had
significant correlation were then analyzed in a multiple regression
model with stepwise elimination of nonsignificant variables.
Statistical analysis was performed using SPSS.14 (SPSS Inc.,
Chicago, IL, USA).

Results

A total of 172 premature babies <28 weeks were admitted during
the study period. Data were not available on nine babies. Two
babies were excluded because of lethal malformations, and data on
remaining 161 babies were analyzed. None of the babies had
prolonged oliguria or acidosis or had a clinical diagnosis of acute
renal failure. Invasive arterial lines were used in 81% of the babies.

Babies were divided into three groups. Group 1 (n¼ 33): 22 to
24 weeks; group 2 (n¼ 55): 25 to 26 weeks; and group 3
(n¼ 73): 27 to 28 weeks (Table 1). At birth, creatinine was similar
across the groups (Table 2).

Creatinine levels increased in the first 2 days and peaked
between 48 and 96 h of age in all the groups (Figure 1). There
were significant effects of both gestation (F¼ 6.3, P<0.001) and
postnatal age (F¼ 83, P<0.001) on creatinine levels, with a
significant interaction between these factors (F¼ 1.7, P<0.05) due
to a greater rise in creatinine over time in the infants of lower
gestation. A similar pattern was observed when babies were divided
into three groups according to birth weight (Figure 2). Creatinine
levels showed a significant correlation with birth weight, gestation

Table 1 Demographic data for the three gestation groups

22–24 weeks

(n¼ 33)

25–26 weeks

(n¼ 55)

27–28 weeks

(n¼ 73)

Birth weight (g) 656 (103) 818 (154) 1063 (231)

Gestation (weeks) 23.3 (0.6) 25.5 (0.5) 27.5 (0.5)

CRIB 10.8 (4.2) 6.2 (3.4) 2.9 (2.5)

Antenatal steroids 22/31 (71%) 40/53 (75%) 51/70 (73%)

Died 13 (39%) 10 (18%) 7 (10%)

Abbreviation: CRIB, clinical risk index for babies.
Values are mean (s.d.) for the birth weight, gestation and CRIB score and n (%) for the
babies receiving antenatal steroids and died.

Table 2 Mean plasma creatinine (mM l�1) (10th, 90th percentiles) with
postnatal age during first 8 weeks

Age 22–24 weeks

(n¼ 33)

25–26 weeks

(n¼ 55)

27–28 weeks

(n¼ 73)

*P-value

Birth 79.2 (59,102) 77.2 (60,104) 76.6 (61,97) 0.7

12 h 95.2 (71,115) 91.2 (71,112) 88.2 (68,114) 0.14

24 h 106.5 (90,124) 103.9 (83,125) 99.1(80,120) 0.06

36 h 115.3 (98,140) 110.8 (85,134) 101.4 (80,126) <0.001

48 h 118.3 (99,140) 112.2 (83,141) 100 (82,122) <0.001

Day 3 117 (97,145) 113.1(79,140) 98.8 (80,126) <0.001

Day 4 117.3 (96,144) 111.4 (84,145) 95.9 (74,123) <0.001

Day 7 112.8 (84,151) 102.8 (63,133) 88.1 (69,108) <0.001

Week 2 110 (69,173) 84 (52,115) 74 (57,94) <0.001

Week 3 92 (61,132) 74 (49,95) 63 (50,77) <0.001

Week 4 71 (53,90) 67 (45,83) 56 (44,70) <0.001

Week 5 70 (48,97) 57 (41,72) 52 (43,59) 0.001

Week 6 55 (44,70) 52 (36,62) 48 (39,57) 0.05

Week 7 53 (41,69) 48 (36,60) 45 (38,53) 0.12

Week 8 51 (39,72) 46 (31,55) 44 (36,52) 0.6

Peak

Creatinine

132.5 (106,162) 126.7 (89,151) 109.7 (87,134) <0.001

*Analysis of variance (ANOVA) showed a significant difference in the creatinine values in
the three groups from day 2 to 5 weeks of age. (1 mg dl�1 ¼ 88.4 mM l�1).
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and CRIB score, but no association was seen with sodium,
potassium, calcium, phosphate or urea levels on univariate
analysis. On multiple regression analysis with stepwise elimination,
only gestation and birth weight showed an independent and
significant association.

On the first day, mean (10th, 90th percentile) creatinine levels
increased by 25 mM l�1 (5.7, 44) (Figure 3). On 2nd day mean
change (10th, 90th percentile) was only 5.4 mM l�1 (22, �13) .
After day 2 creatinine levels reached a plateau with 90th percentile
for rise in creatinine level for any day of less than 7 mM l�1.

Urea levels increased in the first few days and then reached a
plateau similar to creatinine before decreasing. The levels after
24 h of age showed a significant interaction with postnatal age
and gestation, similar to creatinine (Figure 4). Male infants had
a trend toward higher creatinine levels, although this was not
statistically significant. Babies who had antenatal steroids showed
a trend toward lower creatinine; again this was not statistically
significant.

Discussion

This study extends the gestation- and postnatal age-based reference
values for plasma creatinine levels in extremely premature babies.
Within this group, plasma creatinine at birth was similar across the
gestation bands, reflecting maternal levels. Subsequent levels show
a significant interaction of gestation and postnatal age,
necessitating separate reference ranges. This difference persisted
until 5 weeks of postnatal age. This may reflect renal immaturity,
physiological instability or the use of nephrotoxic medication in
the most immature group of infants. A rise in plasma creatinine
of more than 10 mM l�1 after the second day of life is abnormal
and may reflect early renal impairment.

Several studies have examined creatinine levels in premature
babies. However, these studies either had more mature babies or
did not have frequent early creatinine levels estimated. Miall et al.9

examined creatinine levels in 42 premature babies with only 9
infants between 23 and 26 weeks gestation. While mean creatinine
at birth was similar to our study, they noted that creatinine levels

Figure 1 Mean plasma creatinine level (95% CI) and gestational age during the
first week.

Figure 2 Mean plasma creatinine (95% CI) and birth weight during the first
week.

Figure 3 Change in creatinine levels during the first week.

Figure 4 Change in urea levels during the first week of life.
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increased over next 40 to 78 h to reach a mean peak of 221 mM l�1

(95% CI 195 to 247) in the most premature group of infants.
This is much higher than the 90th centile for the peak creatinine
levels in our study. The same method was used for measurement
of creatinine (kinetic Jaffe reaction). A variety of reasons could
be postulated to account for this difference, including a greater
understanding of the fluid balance, reduction in transcutaneous
loss by better humidification systems, cautious use of nephrotoxic
drugs or more active management of hypotension. Quite possibly,
lower creatinine level is a reflection of changes in the care
of extremely premature babies in the last decade. The use of
previous creatinine reference values may result in renal
dysfunction being underestimated in the current patients in
this group.

Auron and Mhanna have recently reported creatinine values
in premature babies less than 32 weeks. This study had very few
extremely premature babies <29 weeks, and there were no infants
less than 25 weeks gestation. We have shown that the reference
range for babies born at 24 weeks is significantly different
compared with a baby born at 28 weeks. Therefore, it would be
inappropriate to use a single reference value for all babies born
at less than 29 week gestation.

We recommend the use of this study’s age- and gestation-based
reference charts to facilitate the early detection of renal dysfunction

in extremely premature babies, especially in the first few days
after birth.
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