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A b s t r ac t
Objective: To compare urinary uric acid and creatinine ratio (UUA/Cr) among asphyxiated and nonasphyxiated neonates.
Background: Perinatal asphyxia is the leading cause of neonatal morbidity and mortality. The last few decades have seen many improvements in
modern medicine but still, there is a lack of easily available biochemical markers to diagnose perinatal asphyxia more so in institutional deliveries.
Study design: Cross-sectional, comparative study.
Setting: NICU and postnatal wards of tertiary care center.
Participants: Forty asphyxiated and 40 healthy term newborns were enrolled in the study. Two milliliters of cord arterial blood was collected
for a blood gas analysis in asphyxiated neonates only. Spot urine samples were collected within the first 24 hours of life in both asphyxiated
and nonasphyxiated groups and analyzed for UUA/Cr ratio.
Results: The mean UUA/Cr ratio was found to be higher in asphyxiated (2.41 ± 0.58) than in nonasphyxiated neonates (1.58 ± 0.17) (p <0.001).
There was a positive correlation between the UUA/Cr ratio and the severity of hypoxic–ischemic encephalopathy among asphyxiated neonates
(p <0.001). A negative correlation was found of UUA/Cr ratio with Apgar score and umbilical cord blood pH. The cutoff value of the UUA/Cr ratio
of 1.36 has 97.5% sensitivity, 100% specificity, 100% positive predictive value, 97.5% negative predictive value, and 98.7% accuracy.
Conclusion: This ratio can be used as a reliable diagnostic marker to detect perinatal asphyxia in neonates where adequate birth history is not
available.
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Introduction

1–3

Perinatal asphyxia is derived from the Greek word asphyxos, which
means born without an evident pulse. Perinatal asphyxia is defined
as a condition during the first and second stages of labor in which
inadequate gas exchange causes fetal hypoxemia and hypercarbia,
characterized by cord blood pH less than 7 with an Apgar score
of 4–6 at 1 minute of birth.1 Asphyxia is defined pathologically as
the fusion of both hypoxia and hypoperfusion causing inadequate
tissue gas exchange leading to metabolic acidosis and elevated
lactate levels. Birth asphyxia is defined by World Health Organization
as “failure to initiate and sustain breathing at birth” with Apgar Score
less than 7 at 1 minute of life.2 Globally, hypoxia of the newborn
accounts for 23% of the 4 million newborn deaths and 26% of
3.2 million stillbirths per year.3 Approximately 20–25% of asphyxiated
neonates with severe hypoxic–ischemic encephalopathy (HIE) die
during the newborn period. In India, 2.5–3.5 lac neonatal deaths
occur every year due to birth asphyxia, maximally within the first
72 hours of life.4 National Neonatal–Perinatal Database in India
suggests that birth asphyxia causes approximately 20% of newborn
deaths and 8.4% of newborn babies in India have a 1 minute Apgar
score <7, of which 1.4% exhibits HIE.5 Asphyxia in term neonates
causes renal, neurological, cardiac, and pulmonary dysfunction
in 50, 28, 25, and 25%, respectively. As a result of decreased
oxygenation and hypoperfusion, perinatal asphyxia affects the
functioning of various organ systems like renal, central nervous,
cardiovascular, respiratory, gastrointestinal, and hematological.6 HIE
causes permanent neurological damage that can lead to neonatal
deaths or is manifested later as cerebral palsy, epilepsy, mental
retardation, or developmental delay. Asphyxia during labor and

delivery can occur due to insufficient umbilical cord blood flow
(cord compression), impaired gas exchange across the placenta
(abruptio placenta), inadequate blood flow to the maternal side of
the placenta (severe maternal hypotension), transient, intermittent
hypoxia of normal labor (anemia/growth retarded fetus), and failure
to expand the lungs and complete the changes in ventilation and
lung perfusion that are crucial at birth.
Due to the failure of gas exchange in the fetus and newborn,
blood and tissue pH and pO2 fall but tissue oxygen utilization
persists causing a further fall in pO2 . Anaerobic metabolism
occurs due to hypoxic damage to cerebral oxidative metabolism
and produces two molecules of ATP as compared to 32 molecules
of ATP during aerobic metabolism. Oxidative phosphorylation
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and ATP production fail further due to prolonged asphyxia. ATP
is degraded with increased formation of ADP and AMP that are
further catabolized to adenosine, inosine, and hypoxanthine. If
tissue hypoxia persists further with consequent reperfusion injury,
hypoxanthine is degraded by xanthine oxidase into xanthine and
uric acid.7 So, the formation of uric acid increases and it enters the
blood from ischemic tissues and then is excreted in the urine where
uric acid can be quantified easily.8
Apgar score plays a limited role in predicting neurological
sequelae that are influenced by various factors like prematurity,
maternal infections, maternal sedations, etc.9 The signs of birth
asphyxia are not specific and overlap with other illnesses. So, there
is a need for an easily available biochemical marker to delineate an
asphyxiated and nonasphyxiated etiology. Hence, we conducted this
study with an objective to compare urinary uric acid to creatinine
(UUA/Cr) ratio in term neonates with and without perinatal asphyxia
and study its correlation with the severity of HIE, cord blood pH, and
Apgar scores if any.

Methods
The study was done in NICU and postnatal wards of tertiary care
center in a time duration of 18 months (February 2019–October
2020) after getting approval from the institutional ethics committee.
Written informed consent was taken from parents/guardians.

Inclusion Criteria
Total 80 newborns born at 37–42 weeks, AGA (appropriate for
gestational age) delivered via a normal vaginal delivery or through
a C-section were enrolled in the study. Of 80 neonates, 40 had
evidence of perinatal asphyxia and 40 did not show any evidence
of perinatal asphyxia.
Perinatal asphyxia was diagnosed when at least three out of the
following were present:
•
•
•
•
•

Apgar score at 1 minute of life was <7.
Need of resuscitation for >1 minute with positive pressure
ventilation (PPV) before stable spontaneous respiration
develops.
HIE as defined by Levene staging (mild, moderate, or severe).
Intrapartum signs of fetal distress, such as nonreactive nonstress
test (NST) on continuous electronic fetal Doppler monitoring or
thick meconium-stained amniotic fluid (MSAF).
Severe metabolic or mixed acidosis (pH <7) in an umbilical artery
cord blood sample.

Exclusion Criteria
•
•
•
•
•
•
•

Congenital abnormalities.
Maternal drug abuse.
Magnesium sulfate or opioids given to mother within 4 hours
prior to delivery (pharmacological depression).
Erythroblastosis fetalis.
Mothers consuming alcohol.
Mothers who smoke.
Mothers on antiepileptics.

Apgar score was recorded at 1 and 5 minutes. ABG was done
by collecting 2 mL of umbilical cord blood sample of asphyx
iated neonates only at birth. After admission to NICU, the
predesigned pro forma was filled that included antenatal risk
factors for perinatal asphyxia, intrapartum factors like mode
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of delivery, prolonged rupture of membranes, and history of
meconium-stained liquor, and details of birth events like Apgar
score, gender, weight, and gestational age of newborns. Examination
including vitals and anthropometry with a complete neurological
and systemic examination was conducted. The asphyxiated group
was monitored for CNS complications attributable to perinatal
asphyxia. Grading of HIE was done by Levene staging. Spot urine
samples within the first 24 hours of life were collected in sterile
containers by using a pediatric urine collecting bag in both
asphyxiated and nonasphyxiated groups.
UUA/Cr was measured by an automated biochemistry analyzer
(Siemens Dimension RXL Max). Uric acid was measured by URCA
flex cartridge method which was the modification of the uricase
method. Urine creatinine was measured by using CRE-2 ( Creatinine
Assay kit )method.

Statistical Analysis
The analysis was done using 23.0 Version of SPSS software. Student
t test, correlation coefficient, and Chi-square test were applied to
test the statistical significance.

R e s u lts
Baseline characteristics like birth weight, mode of delivery, and
maternal parity were comparable in both groups. There was
overall male preponderance in both the groups, more so in
the nonasphyxiated group. Nonreactive NST and thick MSAF were
observed only in asphyxiated neonates (p <0.001). One minute
Apgar score was 4 ± 1 and mean 5 minute Apgar score was 7 ± 1 in
asphyxiated neonates. All neonates in the nonasphyxiated group
had Apgar score more than 7 at 1 and 5 minutes (Table 1).
Most asphyxiated neonates required bag and mask ventilation
(BMV) (18, 45%) followed by intubation with PPV and physical
stimulation (11 each, 27.5%). In the asphyxiated group, the
umbilical cord blood pH was 7.06–7.15 in 22 neonates (55%)
followed by 7.00–7.05 in 11 (27.5%) and 6.70–6.90 in 7 (17.5%)
cases. Mean cord blood pH was 7.03 ± 0.08. Most cases in our
study had HIE 1 (57.5%) and 5% had HIE 3. Twelve asphyxiated
neonates (30%) did not show any signs of encephalopathy in the
first 24 hours of life (Table 2).
Mean UUA/Cr ratio was found to be significantly higher in
asphyxiated neonates (2.41 ± 0.58) as compared to nonasphyxiated
neonates (1.58 ± 0.17) (Table 3).
Table 1: Baseline characteristics of neonates
Asphyxiated Nonasphyxiated
Baseline characteristics
(n = 40)
(n = 40)
Male/female
22/18
31/9
Mean birth weight
2.89 ± 0.37
2.92 ± 0.34
Normal vaginal delivery/
18/22
24/16
lower-segment cesarean
section
Primipara/multipara
26/14
22/18
Reactive/nonreactive
24/16
40/0
NST
Thick MSAF
23/17
40/0
Apgar score
>7
1 minute
4±1
>7
5 minute
7±1
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p value
0.033
0.633
0.262

0.361
0.001
0.001
0.001
0.001
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UUA/Cr ratio was high in babies requiring intubation and
PPV (2.90 ± 0.45) and low in those requiring physical stimulation
(1.96 ± 0.51). UUA/Cr ratio was high (2.8 ± 0.483) in babies with
cord blood pH between 6.70–6.90 and low (2.40 ± 0.64) in
babies with a cord blood pH of 7.00–7.05. There was a significant
negative correlation between the UUA/Cr ratio and umbilical cord
blood pH (Fig. 1).
In neonates with a 1 minute Apgar score of 0–3, the UUA/Cr
ratio was 2.660 ± 0.336. The ratio was 2.374 ± 0.60 and 2.82 ± 0.38
in neonates with Apgar scores of 4–6 at 1 and 5 minutes of life,
respectively. A significant negative correlation exists between the
UUA/Cr ratio and Apgar score at 1 and 5 minutes (Figs 2 and 3).
The UUA/Cr ratio was high (3.60 ± 0.14) in HIE 3 followed by
(3.25 ± 0.07) and (2.61 ± 0.18) in HIE 2 and 1, respectively. Those
neonates who did not exhibit any sign of HIE had a UUA/Cr ratio
of 1.66 ± 0.20 (Table 4).
Table 2: Mode of resuscitation, umbilical cord blood pH, and stages of
HIE among the asphyxiated group
Asphyxiated neonates
Mode of resuscitation
Physical stimulation
Bag and mask ventilation
Bag and tube ventilation
Cord blood pH
6.70–6.90
7.00–7.05
7.06–7.15
No HIE
HIE 1
HIE 2
HIE 3

No.
11
18
11

%age
27.5
45.0
27.5

7
11
22
12
23
3
2

17.5
27.5
55
30
57.5
7.5
5

The cutoff value of the UUA/Cr ratio of 1.36 was found to be
97.5% sensitive, 100% specific with 100% positive predictive value,
97.5% negative predictive value, and 98.7% accuracy (Table 5).

Fig. 2: Scatter plot showing a significant negative correlation between
the UUA/Cr ratio and 1 minute Apgar score

Fig. 3: Scatter plot showing a statistically significant negative correlation
found between the UUA/Cr ratio and 5 minute Apgar score

Table 3: Comparison of UUA/Cr ratio among both groups
UUA/Cr
Group
Asphyxiated neonates
Nonasphyxiated
neonates

Range
1.3–3.7
1.3–2.0

Mean ± SD
2.410 ± 0.58
1.588 ± 0.17

p value
0.001

Fig. 1: Scatter plot showing a significant negative correlation between
UUA/Cr ratio and cord blood pH

Table 4: Correlation of UUA/Cr with modes of resuscitation, Apgar
score, cord blood pH, and stages of HIE among the asphyxiated group
Mode of resuscitation
Physical stimulation
Bag and mask ventilation
Bag and tube ventilation
1 minute Apgar score
0–3
4–6
5 minute Apgar score
4–6
>7
Cord blood pH
6.70–6.90
7.00–7.05
7.06–7.15
No HIE
HIE 1
HIE 2
HIE 3

N
11
18
11

Mean ± SD
1.96 ± 0.51
2.38 ± 0.46
2.40 ± 0.45

p value
0.001

5
35

2.66 ± 0.33
2.37 ± 0.60

0.001

10
30

2.82 ± 0.38
2.27 ± 0.57

0.003

7
11
22
12
23
3
2

2.80 ± 0.48
2.40 ± 0.64
2.43 ± 0.47
1.66 ± 0.20
2.61 ± 0.18
3.25 ± 0.07
3.60 ± 0.14

0.036

0.001
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Table 5: Diagnostic value of UUA/Cr ratio in the prediction of perinatal
asphyxia
UUA/Cr cutoff
1.36

Sensitivity
(%)
97.5

Area under ROC
0.995

Specificity
(%)
100
Std error
0.005

PPV
(%)
100

NPV
(%)
97.5

Accuracy
98.7
p value
<0.001

re-oxygenation period following birth asphyxia and profound levels
of uric acid are generated and excreted in urine within the first day
of life. Therefore, the assay should be performed on the earliest void
samples after the asphyxiating event. This lab marker assumes the
importance in evaluating symptomatic neonates in whom birth
history including the presence or absence of asphyxia, meconium
staining of liquor, Apgar score, and modes of resuscitation are not
known as in the case of home deliveries.
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