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Purpose: To study temporal pattern of serum liver enzymes levels in newborns with hepatic injury associated with 
birth asphyxia (BA).
Methods: Singleton term newborns with BA and ≤72 hours of age admitted to neonatal intensive care unit were 
prospectively enrolled. Term newborns with physiological jaundice and without BA were studied as controls. Serum 
liver enzymes were measured at ＜24 hours, 24-72 hours, and at 6-12 days of age for cases and at 1-6 days of 
age for controls. BA was defined by 1 minute Apgar score ＜7 or delayed or absent cry with hypoxic ischemic 
encephalopathy. BA-associated liver injury was defined as serum alanine aminotransferase (ALT) elevation beyond 
+2 standard deviation (ALT > +2 SD) above the mean of control subjects at any of the three time points.
Results: Sixty controls and 62 cases were enrolled. Thirty-five cases (56%) developed BA-associated liver injury 
(ALT＞81 IU/L). They had higher serum levels of ALT, aspartate aminotransferase, lactate dehydrogenase than 
the control infants, with peak at 24-72 hours. In controls, serum liver enzyme levels were significantly higher in appro-
priate-for-date (AFD) babies than small-for-date (SFD) babies. Serum enzyme pattern and extent of elevation were 
comparable between SFD and AFD babies. Degree of serum liver enzyme elevation had no relationship with severity 
of hypoxic encephalopathy.
Conclusion: Serum liver enzyme elevation is common in BA; it peaks at 24-72 hours followed by a sharp decline 
by 6-12 days of age. Pattern and extent of enzyme elevation are comparable between SFD and AFD babies.
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INTRODUCTION

　Birth asphyxia (BA), defined as Apgar score of be-
low 7 at 1 minute after birth [1], is a common cause 

of neonatal morbidity and mortality. Recent esti-
mates attribute 17.2% of neonatal deaths worldwide 
to BA or birth trauma [2]. BA has damaging effects 
on several body organ systems [3,4]. Extent of such 
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organ injury depends on several factors such as ges-
tational age (GA) of the baby, time of onset of BA 
(antepartum, intrapartum, or postpartum), and se-
verity and duration of BA. Several studies are avail-
able on BA-related injury to brain [5-7], kidneys 
[8,9], and heart [10,11]. 
　BA leads to a chain of adaptive responses to curtail 
the body’s oxygen requirement, in an attempt to tide 
over the hypoxic crisis [12]. One such mechanism is 
the so called “diving reflex” or redistribution of left 
ventricular output in favor of more vital organs such 
as brain, heart, and adrenals at the expense of re-
duced blood flow to non-vital organs such as kidneys, 
lungs, gastrointestinal tract, and other abdominal 
viscera [13]. Liver receives nearly three-fourth of its 
blood supply from the portal vein and the rest 
through the hepatic artery. The “diving reflex” is as-
sociated with reduced hepatic blood flow through 
both the hepatic artery as well as the portal vein, since 
the latter is determined by the amount of mesenteric 
blood flow. 
　Hepatic injury is commonly assessed using serum 
levels of enzymes which are released from injured 
hepatocytes, namely alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and lactate 
dehydrogenase (LDH), which are commonly re-
ferred as   the “liver enzymes”. Attempts have been 
made previously to assess the hepatic damage in BA 
[14]. However, data on the temporal pattern of se-
rum levels of liver enzymes after BA are very scanty. 
Such information may help to differentiate hepatic 
injury due to BA from that due to other causes, and 
to determine the baby’s outcome. We therefore stud-
ied the temporal pattern of serum levels of liver en-
zymes in newborns with hypoxic hepatic injury 
(HHI) due to BA.

MATERIALS AND METHODS

　This prospective case-control study was carried 
out in the Neonatal Intensive Care Unit of Depart-
ment of Pediatrics, Vivekananda Polyclinic and 
Institute of Medical Sciences, Lucknow, India, be-
tween May 2007 and April 2008. It was approved by 

the institutional ethical committee of Vivekananda 
Polyclinic. Consecutive singleton newborns with BA, 
delivered at ≥37 weeks GA and admitted within 72 
hours of birth, were enrolled after obtaining written 
informed consent from one of the parents. Babies 
were excluded if a major congenital anomaly, sepsis, 
inborn error of metabolism, congenital infection, he-
molytic condition, hemorrhagic shock, or primary 
hepato-biliary disease was identified or suspected. 
Newborns delivered in our hospital and admitted 
with physiological jaundice, without BA, were en-
rolled as controls. 
　BA was diagnosed if a newborn had features of hy-
poxic ischemic encephalopathy (HIE) along with one 
of the following criteria (i) Apgar score ＜7 at 1 mi-
nute of life, or (ii) history of delayed cry (after 5 mi-
nutes of birth) or no cry after birth; this was as per the 
guidelines laid down by National-Neonatal Perinatal 
database network of India, which are widely ac-
cepted in the country [1]. HIE is a clinical syndrome 
due to acute or sub-acute hypoxic brain injury, and is 
defined clinically on the basis of a constellation of 
neurological findings that include any combination 
of altered muscle tone, altered sensorium, altered 
deep tendon reflexes, absent primitive neonatal re-
flexes, dilated pupils and seizures. Severity of HIE 
was assessed by using Sarnat & Sarnat staging sys-
tem [7]. Babies were categorized, based on fetal 
growth, as small-for-date (SFD, birth weight ＜10th 
centile for GA), appropriate-for-date (AFD, birth 
weight between 10th and 90th centile for GA), and 
large-for-date (birth weight ＞90th centile for GA) 
[1]. 
　Complete antenatal, perinatal and neonatal his-
tory was recorded in a predefined data collection 
form. In BA group, serum ALT, AST, LDH, alkaline 
phosphatase, total protein, albumin, bilirubin (total 
and conjugated), and prothrombin time (PT) were 
measured at enrollment (＜24 hours) followed by 
ALT, AST, and LDH measurements at 24-72 hours, 
and at 6-12 days of life. Number of study samples ob-
tained in an individual baby was decided by the age 
of the baby at hospitalization. In control babies, ve-
nous specimens were collected once at 1-6 days of 
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Table 1. Clinical Characteristics of Control Infants

Clinical variable Controls (n=60)

Age (h)
Sex (boy/girl)
GA (wk)
Apgar at 1 minute
Birth weight (g)
AFD/SFD/LFD (n)
Maternal age (y)

91±34
36/24

37.7±0.6
8.5±0.5

2,859±540
40/20/0

24.7±3.5

Values are presented as mean±standard deviation or number. 
GA: gestational age, AFD: appropriate-for-date (newborn with 
birth weight between 10th and 90th centile for GA), SFD: 
small-for-date (newborn with birth weight ＜10th centile for 
GA), LFD: large-for-date (newborn with birth weight >90th 
centile for GA). 

Table 2. Liver Function Tests in Control Infants 

Laboratory parameter Overall (n=60)
Age category 

≤72 h (n=20) 73-144 h (n=40) p-value

Total protein (g/dL)
Serum albumin (g/dL)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
ALT (IU/L)
AST (IU/L)
LDH (IU/L)
Alkaline phosphatase (IU/L)
Prothrombin time (INR)

6.2±0.6
3.3±0.4

11.2±4.4
0.8±0.3
40±21
60±19

818±239
108±30

1.08±0.11

6.3±0.4
3.3±0.4

11.0±4.7
0.9±0.4
40±16
66±21

748±281
115±29

1.12±0.12

6.2±0.6
3.2±0.4

11.4±4.3
0.7±0.4
40±23
56±17

853±210
104±30

1.06±0.10

0.56
0.48
0.75
0.07
0.99
0.08
0.15
0.19
0.06

Values are presented as mean±standard deviation.
ALT: alanine aminotransferase, AST: aspartate aminotransferase, LDH: lactate dehydrogenase, INR: international normalized ratio.

life. All specimens were collected when blood sam-
pling was being done for standard clinical care and 
were analyzed in central laboratory of the hospital. 
　HHI was defined by serum ALT elevation beyond 
+2 standard deviation (SD) above the mean value in 
control infants, at any time up to 12 days after birth. 
ALT levels were used to define HHI because it is the 
most specific serum marker of liver injury. By con-
trast, AST and LDH levels are widely present in other 
body organs, and may thus be elevated in infants 
with BA due to injury to red blood cells, or my-
ocardial or skeletal muscle, and hence were not used 
to define the liver injury. 

Statistical analysis
　Numerical data were expressed as mean and SD 
and analyzed using t test. Categorical variables were 
expressed as proportions and compared using χ2 test. 
The relationship of variables with each other was 
studied using Pearson’s coefficient. Statistical sig-
nificance was considered at p-value＜0.05. Data 
were analyzed using SPSS ver. 15.0 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

　The study included 60 healthy newborns (cont-
rols). Eighty eight newborns were screened for BA; 
of those, 26 were excluded for various reasons 
(prematurity 15, sepsis 8, shock 2 and major con-

genital anomaly 1) and 62 were enrolled in the study 
(BA cases). The infants with BA were categorized in-
to those with and those without HHI.

Findings in control babies 
　Clinical characteristics of controls are summarized 
in Table 1. Controls with ≤72 hours and 73-144 
hours of age had comparable liver function test re-
sults (Table 2). Among the controls, AFD babies had 
significantly higher serum ALT (47±21 IU/L vs. 
26±8 IU/L; p＜0.001) and AST (64±18 IU/L vs. 
50±19 IU/L; p=0.01) levels than the SFD babies; 
whereas LDH levels (858±215 IU/L vs. 739±269 
IU/L; p=0.09) were similar in AFD and SFD babies. 
Male and female healthy babies had similar fetal 
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Table 3. Infants with Birth Asphyxia (BA), with and without Hypoxic Hepatic Injury (HHI)

Feature BA with HHI (n=35) BA but no HHI (n=27) p-value

Sex (boy/girl)
Appropriate/small for dates
Gestational age (wk)
Birth weight (g)
Apgar score at 1 minute of life
Hypoxic ischemic encephalopathy grade I/II/III
Favorable outcome (yes/no)*

28/7
24/11

37.3±0.8
2,737±392

4.4±1.2
5/18/12
26/9

17/10
16/11

37.3±0.9
2,652±398

4.4±1.1
14/11/2
20/7

0.14
0.45
0.85
0.41
0.95
0.002
0.98

Values are presented as number or mean±standard deviation.
*Unfavorable outcome denotes neonatal death or discharge against medical advice.
Appropriate-for-dates: birth weight between 10th and 90th centile for gestational age. Small-for-dates: birth weight less than 10th
centile for gestational age. 

Table 4. Pattern of Serum Liver Enzyme Levels at Three Time
Points in Babies with Birth Asphyxia and Hypoxic Hepatitis 
Injury (n=26)

Liver enzyme
Age 

＜24 hours 24-72 hours 6-12 days 

ALT (IU/L)
AST (IU/L)
LDH (IU/L)

97±67**
115±91*

1,416±838**

266±238**
168±123**

1,585±770**

69±37**
64±25

1,070±468*

Values are presented as mean±standard deviation.
ALT: alanine aminotransferase, AST: aspartate aminotransferase,
LDH: lactate dehydrogenase.
*p＜0.05, **p≤0.001, p-values are as compared to control 
infants.

growth category distribution (AFD/SFD: 24/12 vs. 
16/8; p=1.00), birth weight (2,928±568 g vs. 
2,755±488 g; p=0.21), serum levels of proteins 
(6.3±0.6 g/dL vs. 6.1±0.5 g/dL; p=0.09), total bilir-
ubin (11.7±4.7 mg/dL vs. 10.6±3.9 mg/dL; p=0.32), 
ALT (38±20 IU/L vs. 42±22 IU/L; p=0.54), AST 
(58±17 IU/L vs. 61±22 IU/L; p=0.58) and LDH 
(798±278 IU/L vs. 848±165 IU/L; p=0.38). However, 
male babies were younger (age: 83±33 hours vs. 
102±34 hours; p=0.04) and had higher albumin lev-
els (3.4±0.4 g/dL vs.3.1±0.4 g/dL; p=0.005).

Controls versus infants with birth asphyxia 
　Based on the serum ALT levels in control group of 
39.6±20.6 IU/L, ALT values of ≥81 IU/L (mean+ 
2SD) were used to define HHI in the BA group. 
　Among the 62 babies with BA, 35 (56%) had HHI 
whereas 27 (44%) did not. The babies with BA were 
comparable to the controls in sex ratio (45/62 [73%] 
and 36/60 [60%] boys respectively; p=0.18), fetal 
growth categories (AFD: 40/62 [64.5%] and 40/60 
[66.7%] respectively; p=0.85) and birth weight 
(2,700±394 g and 2,859±540 g respectively; p=0.07), 
but differed in having been born at a lower GA 
(37.3±0.8 wk and 37.7±0.6 wk respectively; p=0.003) 
and having older mothers (26.6±4.0 y and 24.7±3.5 y 
respectively; p=0.006).

Babies with and without hypoxic hepatic injury
　Babies with and without HHI were comparable in 
various clinical characteristics (Table 3) except that 

the former had higher grades of HIE. However, a fa-
vorable final outcome was equally frequent in the ba-
bies with and without HHI.

Babies with birth asphyxia and hypoxic 
hepatic injury
　Serum liver enzymes measurements at all the 
three time points (＜24 hours, 24-72 hours, and at 
6-12 days) were available in 26 of the 35 babies 
(74%) with HHI. Temporal pattern of liver enzyme 
levels in these babies showed that ALT and LDH lev-
els were significantly higher than controls at all 
three time points, whereas the AST levels though 
initially high, returned to normal at 6-12 days 
(Table 4). All three serum liver enzymes showed the 
maximum elevation at 24-72 hours of age, followed 
by a sharp decline by the age of 6-12 days (Fig. 1). 
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Fig. 1. Temporal pattern of serum levels of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and lactate 
dehydrogenase (LDH) in newborns with birth asphyxia and 
hypoxic hepatic injury.

Fig. 2. Comparison of serum levels of alanine aminotransferase
(ALT) in small-for-date (SFD) and appropriate-for-date (AFD) 
infants. Bars represent means and error bars represents 
standard deviation. *p＜0.05 when ALT levels are compared 
with corresponding SFD or AFD control infants. BA: birth 
asphyxia, HHI: hypoxic hepatic injury, NS: not significant.

Fig. 3. Comparison of serum levels of aspartate aminotrans-
ferase (AST) in small-for-date (SFD) and appropriate-for-date 
(AFD) infants. Bars represent means and error bars represent 
standard deviation. *p＜0.05 when AST levels are compared 
with corresponding SFD or AFD control infants. BA: birth 
asphyxia, HHI: hypoxic hepatic injury, NS: not significant.

Levels of none of the serum liver enzymes levels at 
any time point showed a correlation with the high-
est grade of HIE (range of correlation coefficients 
for ALT [－0.08－0.32], AST [－0.09－0.07] and 
LDH [－0.22－0.16]).
　AFD and SFD babies in HHI group, when com-
pared to corresponding AFD and SFD controls, had 
similar pattern of changes in serum ALT and AST 
levels. Serum ALT levels were significantly elevated 
till last estimation (Fig. 2) whereas AST levels were 
normalized at 6-12 days (Fig. 3). Serum liver enzyme 
levels were comparable between SFD and AFD babies 
at all three time points in HHI group (Fig. 2 and 3). 

DISCUSSION

　HHI denotes injury caused to the hepatocytes by 
hypoxia. It is characterized by a sudden rise in serum 
levels of hepatic enzymes, starting soon after hy-
poxic insult, reaching a peak after 1-3 days of injury 
and returning to normal after 7-10 days [15]. These 
enzymes are present in cytosol (ALT, AST, and LDH) 
and mitochondria (AST) of hepatocytes. Serum level 
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of liver enzymes may increase either due to hep-
atocyte death or to an increase in cell membrane per-
meability which allows efflux of enzymes into the 
blood [16].
　Our observation of 56% of newborns with BA de-
veloping HHI lies well within the range of previous 
observations of 39% to 85% prevalence of this con-
dition [3,4,14,17,18]. This wide range could be due to 
variations in criteria used in different studies to diag-
nose BA as well as HHI, severity of BA, time-points 
used for serum transaminase estimation, cut-off 
used for liver enzyme elevation, GA of the babies, 
and other obstetrical or neonatal factors. A previous 
prospective study had shown HHI in 65% of babies 
with BA, similar to our observation [17]. All these 
observations, including our study, suggest that HHI 
is common in babies with BA. 
　Mean serum level of ALT (39.6±20.6 IU/L) in our 
control infants was higher than the reference values 
for healthy adults [19]. This could be due to differ-
ences in hepatocyte characteristics such as metabolic 
rate, metabolic requirements, or cell membrane per-
meability due to immaturity. Moreover, reference 
levels of liver enzymes in adults are based on speci-
mens collected in the morning after an overnight 
fast, which was not possible in our group. Hence, di-
urnal variations in liver enzyme levels or absence of 
fasting state may have had a bearing on our ob-
servations [20].
　Serum liver enzymes levels were not influenced by 
age (≤72 hours and 73-144 hours) of control infants. 
This indicates that serum liver enzymes levels do not 
change in the first week of life. As previously shown 
by other workers [21], in contrast to adults [19], gen-
der had little effect on serum ALT levels in newborn 
in our study. One recent study, however, showed that 
ALT levels were different between adolescent boys 
and girls [22]. This may be because male and female 
infants have similar levels of sex hormones, which 
are believed to determine ALT levels. We also found 
higher AST level than ALT level in healthy newborns; 
this could be due to widespread presence of AST in 
non-hepatic tissues, such as cardiac muscle, skeletal 
muscle, kidneys, brain, pancreas, lungs, leukocytes, 

erythrocytes and placenta, which may be affected by 
the stress of delivery.
　In infants with BA and HHI, serum levels of liver 
enzymes (ALT, AST, and LDH) showed a significant 
rise within 24 hours after birth, peaked at 24-72 
hours, and then declined sharply at 6-12 days of age. 
This time-trend was comparable to previous ob-
servations in adults [23] and neonates [17]. It is im-
portant to note that the degree of rise in serum levels 
of all three liver enzymes was much lower than that 
reported in adults with hypoxic hepatitis. This could 
be due to the relatively smaller size or immaturity of 
infant liver, or a relatively milder degree of hepatic 
injury in infants with BA than that observed in 
adults with hypoxic hepatitis which is usually 
caused by systemic hypotension. 
　Babies with BA and HHI had significantly higher 
grades of HIE but did not have an unfavorable out-
come than those with BA but no HHI. Further, levels 
of serum liver enzymes had no correlation with high-
est grades of HIE. Our result suggests that usually 
babies with more severe BA, as indicated by higher 
grades of HIE, develop HHI, but that their outcome is 
determined by HIE and not by HHI. Serum trans-
aminases are known to not correlate even with se-
verity of primary hepatic injury such as acute viral 
hepatitis [16]. Previous studies have reported con-
tradictory results [3,14]. One previous study showed 
significant correlation of HHI with HIE [17]. On the 
other hand, Shah et al. [3] failed to find any associa-
tion between HIE and hepatic dysfunction. There 
may be a place for further studies in this issue.
　One of our findings was that SFD babies had sig-
nificantly lower ALT and AST levels at birth than 
AFD babies. This could be explained in several ways 
such as lower body mass, lower metabolic rate, rela-
tive deficiency of cofactors required for transaminase 
biosynthesis, or more mature hepatocyte cell mem-
brane that prevents seepage of cytosolic enzymes in-
to the circulation. A previous study also showed that 
babies with intrauterine growth retardation had 
lower ALT levels than controls but normal AST levels 
[24]. Interestingly, among babies with HHI, pattern 
of serum enzyme (ALT, AST, LDH) change was sim-
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ilar in SFD and AFD babies. Furthermore, levels of all 
three serum liver enzymes were comparable between 
SFD and AFD babies with HHI (Fig. 2 and 3). In brief, 
the control SFD babies have lower serum liver en-
zyme levels than AFD babies at birth, but the extent 
and temporal pattern of serum liver enzyme ele-
vation in HHI was similar for SFD and AFD babies.
　Several reasons restrained us from studying total or 
conjugated serum bilirubin levels between different 
groups. These include: (i) bilirubin level may be high 
because of physiological jaundice, (ii) serum bilirubin 
levels may not always rise following hepatic injury, 
(iii) serum bilirubin elevation could persist beyond 
our planned follow up of up to 6-12 days of life, (iv) 
relative non-specificity of serum bilirubin as a marker 
for liver injury, and (v) relatively normal or minor bi-
lirubin elevation in ischemic hepatitis [25]. Similarly, 
PT could not be used as a HHI marker as it may be ab-
normal in disseminated intravascular coagulation. 
Likewise, hypoalbuminemia could not be used as a 
marker for acute liver involvement because its levels 
do not change rapidly with hepatic involvement but 
may change as a result of capillary leakage.
　Our study had strengths of being a prospective 
study, inclusion of a comparable control group and a 
good sample size. However, it had several limi-
tations, including: not having healthy controls as the 
comparator group; inclusion of out-born babies 
making the study group non-homogeneous; failure 
to measure neonatal blood pressure, and umbilical 
cord blood pH, PaO2, PaCO2; single estimation of se-
rum liver enzymes in controls; incomplete liver en-
zyme data in some babies with HHI; widely sepa-
rated time points for serum liver enzyme measure-
ments; and, failure to follow serum liver enzymes till 
normalization in all babies. However, many of these 
were related to ethical considerations that limited 
blood sampling and procedure in infants.
　In conclusion, serum liver enzymes in babies with 
BA and HHI peak after 24 hours of age followed by 
sharp decline in 6-12 days of age. Furthermore, 
though term SFD babies have lower ALT and AST 
levels than term AFD babies at birth, the extent and 
temporal pattern of serum liver enzyme elevation on 

development of HHI is similar in these two types of 
infants.
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