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ABSTRACT

Background: Hypoxic-ischemic encephalopathy is a severe complication of perinatal asphyxia. It can result
in death or neurological damage, which can manifest within the first 12–24 hours as seizures, altered reflexes,
or altered level of consciousness [or a combination], and in the longer term by developmental delay, epilepsy,
mental retardation, or cerebral palsy [or a combination]. Severe tissue hypoxia causes accumulation of
intermediary metabolites excreted by the kidneys notably lactate, which can be measured readily. Objective:
estimation of urinary lactate / creatinine concentration in asphyxiated newborn infants to determine its
sensitivity and specificity for the early identification of infants in whom hypoxic-ischemic encephalopathy is
likely to develop. Study design: Twenty consecutive newborn infants [8 males and 12 females] of gestational
ages ranging from 37 to 41weeks admitted to NICU of the Pediatric Department of Zagazig University Hospital
with proven diagnosis of Hypoxic-ischemic encephalopathy were included in the study. In addition, 20 age and
sex matched apparently healthy term neonates served as a control group. All studied neonates were subjected
to history taking, clinical examination and routine investigations [cord blood gases, CBC, CRP and liver and
kidney functions tests] as well as determination of urinary lactate and creatinine ratio in spot urine samples
collected within 6 hours and again 48 to 72 hours after birth. Results: The study revealed that the mean urinary
lactate/creatinine ratio during the first six hours of the life and the third day of life was significantly higher
in asphyxiated infants than control group [p< 0.001]. A significant negative correlation was found between the
two samples of urinary lactate/creatinine ratio and  Apgar score, pH, base excess, and PO2 (p<0.05).
Meanwhile, there was a significant positive correlation between the means of two samples of urinary
lactate/creatinine ratio and PCO2 (p<0.001). Conclusion and recommendation: the urinary lactate/creatinine ratio
in newborn infants with asphyxia is significantly increased early in the course of the disease which can be used
as useful parameter for predicting the development of hypoxic ischemic encephalopathy. 

Key words: Newborn- Hypoxic ischemic encephalopathy-Urinary lactate/creatinine ratio.

Introduction

Perinatal asphyxia is an important cause of neonatal mortality and subsequent neurological disabilities
among surviving infants. Newborn infants who sustain an acute intrapartum hypoxic ischemic insult of
sufficient magnitude to result in long-term neurologic sequelae have variably recognizable clinical
encephalopathy during the first days of life (Synder, 2004).

 Perinatal asphyxia happens in 2 to 10 per 1000 newborns that are born at term, and neurological
handicaps are present in 25% to 28% of the affected infants (Barkovich, 2008). Asphyxia is inversely related
to gestational age and birth weight. It occurs in 0.5% of infants more than 36 weeks of gestation and 9% of
infants less than 36 weeks of gestation (Gazzolo, 2004).

In term neonates, 90% of asphyxial insults occur in the antepartum or intrapartum period as a result of
placental insufficiency, and the remaining 10% occurs postpartum, usually secondary to pulmonary,
cardiovascular or neurologic disorders (Higgins, 2010).
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Hypoxic ischemic brain injury is the most important consequence of perinatal asphyxia. Several
topographic patterns of involvement have been observed. Lesions most commonly seen in term infants are
selective neuronal necrosis, focal and multifocal ischemic brain injury and parasagittal cerebral injury. On the
other hand, the commonest lesion seen in premature infants is periventricular leukomalacia (Grow, 2002).

Clinical investigations suggest that infants at highest risk for hypoxic-ischemic brain damage include those
who are severely depressed at birth [low extended Apgar score], exhibit fetal acidemia [cord umbilical artery
pH < 7.0 and/or Base excess < 14 mEq/L], require intensive delivery room resuscitation [i.e. intubation, chest
compression and epinephrine administration], and exhibit an abnormal neurological integrated EEG (Volpe,
2001).

Many of the tests are performed to assess the severity of brain injury and to monitor the functional status
of systemic organs. As always, the results of the tests should be interpreted in conjunction with the clinical
history and the findings from physical examination (Maria, 2010).

Lactate is produced by anaerobic metabolism during an asphyxial insult and continues to be excreted for
long after the insult. Because lactate is in part excreted through the kidney, measurement of urinary lactate may
also reflect the blood lactate level and the degree of metabolic derangement as a result of hypoxia/ischemia
(Shah, 2004).

Plasma creatinine levels at birth are greatly elevated in relation to the size of the newborn infant and
remain so for 1 to 2 weeks. This cannot be explained by maternal transfer of creatinine or by the absolute and
relative reduced glomerular filtration rate of the newborn (Selway, 2010).

The aim of this study was to investigate the role of urinary lactate / creatinine ratio as early predicators
of hypoxic-ischemic encephalopathy in term newborn infants.

Patients and Methods:

This study included 20 newborn infants [8 males and 12 females]of gestational ages ranging from 37 to
41weeks [X±SD: 39.3±1.13 weeks] with proven diagnosis of perinatal asphyxia who were admitted to Neonatal
Intensive Care Unit (NICU), Zagazig University Hospital during the year 2010 

Exclusion criteria
C Maternal drug abuse.
C Congenital infections or perinatal infections including chorioamnionitis.
C Suspected inborn error of metabolism.
C Asphyxiated newborns that did not pass urine in the first 6 hours after birth. 

Twenty healthy full-term newborns [7 males and 13 females] of mean gestational ages 39.15±1.23 weeks
were studied as control group
All studied neonates were subjected to the following:
1. History taking including maternal age, parity, gravidity, acute or chronic medical illness, mode of delivery,

prolonged labor, presence of neonatal cyanosis and/or bradycardia or delayed first cry.
2. Clinical examination including Apgar score ,vital signs and full neurological examination according to

Sarnat and Sarnat staging (Sarnat, 1976).
3. Routine laboratory investigations including cord blood gases, complete blood count, C-reactive protein

[positive above 6 mg/L] (Jaye, 1977) and liver and kidney functions tests.
4. Measurement of urinary lactate and creatinine ( L/C) ratio

Spot urine samples were collected within 6 hours and again 48 to 72 hours after birth using a bag placed
over the perineum of girls and a test tube placed over the penis for boys. Urine was aspirated from the bag
or test tube using a syringe connected to a catheter. Urine spilled on the diaper was also aspirated. The
samples were centrifuged immediately and clear supernatant were transferred to 1-ml plain Greiner cones
(Greiner Labortechnik GmbH, Maybachstra, and Frickenhausen, Germany) and preserved at -32°C. All samples
were tested together for urine lactate and creatinine by conventional enzymatic method by a Randox™ kit (Oh,
2008) (Randox Laboratories, Co. Antrim, UK) on Olympus autoanalyzer (Olympus Optical Co. Ltd, Shinjuku-
ku, Tokyo, Japan). The oxidase enzyme in the kit converts lactate to pyruvic acid and hydrogen peroxide,
which results in oxidative conversion of chromogen to produce a colored dye with absorption maximum at 540
nm, the amount of which is directly proportional to the amount of lactate in the sample. Creatinine in urine
was measured by the concentration of a yellow orange colored dye formed from the reaction with Picric acid
under alkaline conditions, which had its absorption maximum at 500 nm. The cut off level of L/C ratio was
0.48.
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Satistical Analysis:

Data were presented as mean ± standard deviation or percentage. The means of two groups were compared
using student "t" test. Linear correlation and regression were used to test the correlation between the measured
parameters. Cut off values were calculated from the ROC curve as mean ± 2SD of control. Data were tabulated
and statistically analyzed with the Statistical Package for Social Sciences (SPPS) version 14. P-values less than
0.05 were considered significant (Noursis, 1997).

Results:

Table 1 shows the population characteristics of the two groups of babies: those born hypoxic ischemic
encephalopathy and normal babies. They were comparable in terms of gestational age, birth weight and gender
distribution.

Table 2 shows the intrapartum risk factors in the studied groups. As regard mode of delivery, vaginal
delivery was significantly higher in patients than controls [p < 0.05]. Most of the mothers of the studied cases
[55%] delivered at home with significant risk for encephalopathy and around 35% of mothers had a vaginal
bleeding among whom there was a significant excess risk of encephalopathy. A significant risk of asphyxia
was associated with prolonged rupture of membranes [p < 0.05]. Meconium stained liquor especially thick
meconium was associated with encephalopathy [40%]. History of anemia was obtained in 60% mothers of
studied cases with a significant difference compared with controls.

Apgar score done at 1, 5 and 10 minutes were significantly lower in patients group than controls (p<
0.001) (Table 3). 

Table 4 shows that lethargy was found in 70% of cases, seizures and poor feeding in 65% [13 cases],
cyanosis and decreased tone in 40% [8 cases], respiratory distress in 45% [9 cases] and hypertonia in 20%
of patients [4 cases]. The stage of HIE was recorded in patients group according to Sarnat and Sarnat Staging.
Stage III was encountered in majority of patients [55%] followed by stage II [30%] and then stage I [15%].

Table 5 shows that the white blood cells counts were significantly higher while the platelets count were
significantly lower in patients compared with controls (p<0.001). The mean hematocrite was not statistically
different between the two group (P>0.05). The mean pH values, base excess and PO2 were significantly lower
in asphyxiated infants [6.97±0.094, -15.65±3.64 mmol/L, and 22.49±6.35 mmHg respectively] than controls
[7.3 ± 0.03, -3.7 ± 2.19 mmol/L, and 28.58 ± 4.5 mmHg respectively] while the mean pCO2 were significantly
higher [68.47±13.89 vs 38.41 ± 4.68  mmHg].

Table 1: Demographic characteristics of studied groups
Variable Group I (n = 20) Group II (n = 20) t P
Gestational age (weeks)
X ± SD 39.3±1.13 39.15±1.23
Range (37-41) (37-42) 0.47 0.65
Birth weight (kg)
X ± SD 3.1±0.4 3.01±0.36
Range (2.4 – 3.9) (2.5-3.8) 0.59 0.56
Gender (n, %) 
Male 8 (40.0) 7 (35.0)
Female 12 (60.0) 13 (56.0) χ2 = 0.11 0.74
p>0.05: non significant

Table 2: Intrapartum risk factors in the studied groups
Variable Group I (n = 20) Group II (n = 20) χ2 P
Mode of delivery 
VD 12 (60.0) 4 (20.0)
CS 8 (40.0) 16 (80.0) 6.67 0.009*

Vaginal bleeding 7 (35%) 1 (5%) 3.91 0.048*

Anemia  12 (60%) 2 (10%) 10.99 <0.001*

Age >35 years 3 (15%) 4 (20%) 0.00 1.0
Age<18 years 7 (35%) 3 (15%) 2.13 0.14
Home delivery 11 (55%) 0 (0.0%)    15.17 <0.001*

Meconium stained liquor 8 (40%) 0 (0.0%)    7.66 0.005*
Prolong rupture of membrane 5 (25%) 0 (0.0%)    5.71 0.016*
>18 hours
Multiple birth 2 (10%) 1(5%) 0.00 1.0
*: significant    p<0.001: highly significant   
 VD: vaginal delivery    
 CS: cesarean section
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The mean urinary lactate/creatinine ratio was significantly higher in asphyxiated infants [13.18±8.13] than
control group [0.18 ± 0.1] within six hours after birth [ p< 0.001] and  the third day of life [1.42 ± 0.68 vs
0.14 ± 0.07, p< 0.001] (Table 6).

Table 7 shows a significant negative correlation between the two samples of urinary lactate/creatinine ratio
and  Apgar score , cord blood  pH, base excess, and pO2 [ p<0.05]. Meanwhile, there was a significant
positive correlation between the two samples of urinary lactate/creatinine ratio and PCO2 [p<0.001].

Table 3: Apgar score of the studied groups
Apgar score Group I (n = 20) Group II (n = 20) t P
1 minute
   X ± SD 2.25±1.6 8.53±0.8 15.66 <0.001
   Range (0-4) (7-10)
5 minute
  X ± SD 3.85±1.4 8.95±0.8 14.1 <0.001
  Range (1-6) (8-10)
10 minute
  X ± SD 5.85±1.5 9.95±0.2 12.11 <0.001
  Range (3-8) (9-10)        
P<0.001: highly significant 

Table 4: Clinical manifestations and stage of HIE in the studied patients (n=20)
Variable Number %
Clinical manifestations
Unable to feed 13 65
Cyanosis 8 40
Lethargy 14 70
Irritability 3 15
Convulsion 13 65
Respiratory distress 9 45
Decrease tone 8 40
Increased tone 4 20
Stage of HIE 
Mild (I) 3 15
Moderate (II) 6 30
Severe (III) 11 55
HIE: Hypoxic ischemic encephalopathy

Table 5: Laboratory investigations of the studied groups 
Parameter Group I(n = 20) Group II(n = 20) t P
Hematocrite value (%) 46.65±6.61 48.41±8.21 0.21 0.1
Platelet count (×103/mm3) 156.0 ±69 200.7±69 16.76 <0.001
WBC (×103/mm3) 21.93±15.06 14.13±8.34 7.21 <0.001
Cord blood gases
   PH
X ± SD 6.97 ± 0.09 7.3 ± 0.03 5.43 <0.001
Range  (6.83–7.11) (7.28 – 7.38)
Base excess (mmol/L)
X ± SD -15.65 ± 3.6 -3.7 ± 2.19 11.52 <0.001
Range  (-22.6 – 9.4) (-2.43 – 1.08)
PO2  (mmHg)
X ± SD 22.49  ±  6.35 28.58 ± 4.5 3.49 <0.001
Range  (12.64–32.24) (21.49–36.15)
PCO2 (mmHg)
X ± SD 68.47 ± 13.89 38.41 ± 4.68 5.33 <0.001
Range (44.46 –91.98) (30.24 –46.19)
WBCs: white blood cells,
P< 0.001: highly significant, P >0.05: nonsignificant

Table 6: Urinary Lactate/creatinine ratio of the studied groups.
Urinary lactate/creatinine ratio Group I (n = 20) Group II (n = 20) t P
1st sample 
X ± SD 13.18 ± 8.13 0.18 ± 0.1 5.37 < 0.001
Range (0.39 – 28.76) (0.08 – 0.42)
2nd sample
X ± SD 1.42 ± 0.68 0.14 ± 0.07
Range (0.24 – 2.74) (0.06 – 0.28) 5.319 <0.001
P < 0.001: highly significant, 
1st sample: urinary lactate/creatinine ratio during the first six hours after birth. 
2nd sample: urinary lactate/creatinine ratio during the third day of life.
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Table 7: Correlation of urinary lactate/creatinine ratio and some parameters in asphyxiated infants 
1st sample 2nd sample
----------------------------------------------- ----------------------------------------------------
r p r p

Apgar score
1st minute - 0.670 <0.001 - 0.58 <0.001
5th minute - 0.677 <0.001 - 0.577 <0.001
10th minute - 0.645 <0.001 - 0.545` <0.001
Cord blood gases
pH -0.44 <0.01 -0.5 <0.01
Base excess -0.51 <0.01 -0.48 <0.05
PO2 -0.48 <0.05 -0.49 <0.01
PCO2 0.6 <0.001 0.62 <0.001

Discussion:

In our series, there were no significant differences between cases and control group regarding the birth
weight and sex distribution (p>0.05). This result was in agreement with Florio et al (2004) who found no
significant differences in weight at birth between asphyxiated and control groups. On the contrary, Bang et al
(2005) found that asphyxia is more common in low birth weight infants and explained this by the reduced
ability of LBW infants to adapt during asphyxia, due to low metabolic reserves. Also, Boo and Lye (1992)
demonstrated that the incidence of perinatal asphyxia was more common in the neonates with low birth weight
(<2500 g).

In this study, antepartum factors may play a role in the etiology of neonatal encephalopathy. A large
proportion of these cases had a significant antepartum history. Vaginal delivery, home delivery, vaginal
bleeding in pregnancy, meconium stained liquor, maternal anemia and a longer interval between membrane
rupture and delivery were found to be a significant risk factor for neonatal encephalopathy. Boo and Lye
(1992) demonstrated that the incidence of perinatal asphyxia was more common in the neonates with one of
the following characteristics breech delivery or delivery by instrumentation or lower segment Caesarean section.
These data suggest an important inverse association between elective caesarean section and newborn
encephalopathy (Khreisa, 2005). Also, same results were obtained in other studies (Reddihough, 2003; Johnson,
2000). Anemia is a great risk for asphyxia, probably because of intrapartum hypoxia (Rehana, 2007).

In this study, Apgar score of the patients at the first, fifth and tenth minutes was significantly lower
compared with healthy infants (P<0.001). Boskabadi et al (2010) in their study in Iran found that in
comparison with the controls, the cases had a significantly lower Apgar score during the first minute and five
minutes postpartum, likelihood of cesarean section and complications during delivery. However, Apgar score
at 1st minute was claimed by Freeman and Nelson (1988) to neither indicate substantial hypoxia nor ischemia.
Basu et al (2008) stated that fifth minute (not first minute) Apgar score is valid as an index for asphyxia.
However, low Apgar score is still not specific for perinatal asphyxia (Finster, 2005). 

In this study, unable to feed or suck were found in 13 out of 20 of asphyxiated newborns. Lethargy or
inactivity was found in 14 cases (70%), whereas irritability was noted in 3 (15%). Respiratory difficulty or
distress was present in 9 cases (45%). Convulsions were noticed in 13 cases (65%). Decrease tone was present
in 8 (40%) where as increased tone was found in 4 (20%) of newborns. Rehana Majeed et al (2007) in a study
over one year found that Out of 125 neonatal encephalopathy cases admitted to the neonatal care unit, all
babies were totally unable to feed or suck. Lethargy or inactivity was found in 65(52%), whereas irritability
was noted in 45(36%). Respiratory difficulty or distress was present in 58(46%). Convulsions were noticed in
35(28%). Decrease tone was present in 55(44%) where as increased tone was found in 32(25%) of newborns.

In this study, among 20 infants with perinatal asphyxia three infants (15%) had an HIE grade I, six (30%)
had grade II, and eleven cases (55%) had grade III. 

In the present study, the cord blood gases analysis in asphyxiated newborn infants compared to controls
revealed a significant decrease in the pH, base excess, and PO2  while PCO2 was significantly higher
(p<0.001). Our results were in agreement with Goldaber et al (1991) who found that only pH values below
7.04 denote neurolgic compromise. Moreover, Carter et al (1993) stated that normal pH correlates with absence
of any immediate or long term neonatal morbidity. Also, Van den Berg et al (1996) found that severe
intrapartum asphyxia quantified by an umbilical artery pH < 7.00 posses a threat to the neonate’s health. Loh
et al (1998) suggested that pH of 7.05 can predict neonatal morbidity. In a study done by Hankins et al (2002)
over a 6-year period in Forty-six cases of acute peripartum asphyxia they found that when umbilical arterial
blood gases were analyzed, in 67% of patients the pH was less than 7.0, and in 75% the base excess was
greater than -12 mEq/L. Although it varied, severe acidemia was the usual occurrence. Gregorio et al (2007)
concluded that blood gases obtained in the immediate perinatal period can help assess perinatal asphyxia, but
particular attention must be paid to the sampling site, the time of life, and the possible and proven diagnosis.



59Res. J. Medicine & Med. Sci., 6(2): 54-61,  2011

The decision to obtain blood gases must be weighed by the individual clinician against the potential benefits
(2010).

In our study, the mean value of lactate/creatinine ratio in the asphyxiated newborn infants at 6 hours of
age (13.1 ± 8.13 units) was about 100 times as high as the mean ratio of the lactate/creatinine in the control
infants (0.18 ± 0.1 units). The urinary lactate/creatinine ratio in normal infants at the third day did not differ
significantly from their first value (0.14 ± 0.07 units), however, the ratio is decreased in the asphyxiated
neonates  at the third day (1.42 ± 0.86 units) which was 14 times as high as that in the normal infants (P <
0.05). The explanation of the lower urinary lactate / creatinine ratio at 48 to 72 hours when compared with
the value at 6 to 24 hours is suggested to be due to a decline in blood lactate level as a result of amelioration
of hypoxia and ischemia with medical therapy during this period of time independent of hypothermic
intervention (Williams, 1993). Our results were in agreement with Haung et al (1999) who found that within
six hours after birth, the mean (±SD) ratio of urinary lactate to creatinine was 16.75±27.38 in the infants who
subsequently had hypoxic–ischemic encephalopathy, as compared with (0.09±0.02) in the normal infants
(P<0.001) and concluded that the measurement of urinary lactate/ creatinine ratio within the first six hours after
birth may identify infants at high risk for developing hypoxic ischemic encephalopathy. They also found that
there was a nonsignificant trend for the ratio to increase with the severity of the hypoxic–ischemic
encephalopathy

In the normal infants, the urinary lactate / creatinine ratio at 48 to 72 hours did not differ from the earlier
value (P=0.15), but the ratio decreased in the infants with asphyxia who did not subsequently have
hypoxic–ischemic encephalopathy (0.16±0.17, P=0.02). This suggests that the biochemical changes detected
with hypoxic ischemic encephalopathy are better assessed in the urine within the first hours after birth rather
than later on. Also, Ghotbi and Najibi (2010) reported that L/C ratio was 3.3±2 among asphyxiated neonates
in the first six hours after birth which was 11 folds greater than in normal neonates (0.3±0.08, P=0.0001). This
ratio decreased to (1.5±0.55) for asphyxiated cases in the first 24 hours after birth, which was 5 folds greater
than in control group (P=0.0001). Asphyxiated neonates were subdivided into Group A with mild asphyxia and
L/C ratio (2.5±0.5); Group B with moderate asphyxia and L/C ratio 4.2±1.5; and Group C with severe asphyxia
and L/C ratio (3.4±3.3). The severity of asphyxia correlated with the greater L/C ratio among our cases and
was significant (P=0.0007). 

In this study, the simple regression analysis showed a significant negative correlation between urinary
lactate/ creatinine ratio both first and second urine sample, and Apgar score in the first, fifth, and tenth minutes
of life (p <0.001). Ojha et al (2006) showed that urinary L/C ratios are much higher in babies with thin
meconium, and meconium staining was indicator of perinatal asphyxia of newborns.

In the present study, there was a significant negative correlation between the two samples of urinary
lactate/ creatinine ratio and pH, base excess, and pO2 ( p<0.05). Meanwhile, there was a significant positive
correlation between the two samples of urinary lactate/creatinine ratio and PCO2 (p<0.001). Ghotbi and Najibi
(2010) concluded that within six hours after birth, urinary L/C ratios were much higher in the infants that
developed hypoxic–ischemic encephalopathy. The ratio also increased as the hypoxic–ischemic encephalopathy
worsened which can be detected clinically and worsening of blood gases. These results suggest that the urinary
L/C ratio within six hours after birth is related to the occurrence and degree of hypoxic–ischemic. Haung et
al (1999) found the same result; it is to be noted that in our study number of infants with asphyxia and
hypoxic–ischemic encephalopathy was almost four times more than in their study.

In conclusion, the urinary lactate/ creatinine ratio in newborn infants with asphyxia is increased early
during the course of hypoxic ischemic encephalopathy. The ratio may therefore be useful in identifying infants
most likely to benefit from intervention. So we recommend further studies to compare relationship between
urinary lactate / creatinine ratio at birth and later growth and development because we could not follow up
patients after discharge from NICU and compare growth and development in the infants for determination
relationship between urinary lactate/creatinine ratio, and their growth and development. 
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