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THE ROLE OF CASPASE-3 LEVEL IN PERINATAL ASPHYXIA
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Abstract
Background. Perinatal asphyxia is the main cause of neurodevelopmental sequelae and perinatal death. Caspase-3 as major enzyme for apoptosis increased in hypoxic ischemic event and there is still no biomarker to predict the outcome of asphyxial event. This study aimed to determine caspase-3 level and its correlations as predictor in perinatal asphyxia.
Methods. The study design was observational analytic cross sectional with paired groups. Fifty neonates included and caspase-3 level was examined in two separate time. T-test and logistic regression analysis were used for statistical analysis.
Results. We found there was 23 neonates (46%) with hypoxic ischemic encephalopathy (HIE) and caspase-3 level significantly increased 0.3135 points between first and second examination (t=6.555; P<0.0001). This study showed significant correlations between caspase-3 level and death outcome in neonates with HIE either on first examination (RR=2.33; P=0.014) and second examination (RR=2.25; P=0.015).
Conclusion. There is a significant increase of caspase-3 level in perinatal asphyxia and it can predicts death outcome in neonates with HIE.
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Introduction
[bookmark: _Hlk3388123]Hypoxic ischemic event is the main cause of brain injury with neurodevelopmental sequelae and perinatal death. The incidences was 2-4 of 1000 term newborns.1 There was 130 million newborns each year2, where was 4 million died in the first 28 days and more than 25% in first 24 hours of life with asphyxia as the main cause (23%). Perinatal asphyxia prevalence was 25 of 1000 term newborns.3 In Indonesia, the incidences of perinatal asphyxia in peripheral hospital was 25.2% with death caused by it about 41.94%. Perinatal asphyxia is a condition of impaired blood gas exchange that, if persistent, leads to progressive hypoxemia and hypercapnia. The American Academy of Pediatrics (AAP) and the American College of Obstetrics and Gynecology (ACOG) define essential criteria that must be met, which is evidence of metabolic acidosis in fetal umbilical cord arterial blood obtained at delivery (pH < 7 or base deficit < 12 mmol/L), Apgar score < 3 on minute 5, signs of multiple organ and neurological dysfunction, including seizures and hypoxic ischemic encephalopathy (HIE).
Caspase is a spesific cysteine-aspartic acid intercellular protein that regulates apoptosis, with caspase-3 as the effector caspase and main enzyme in proteolytic event. Several study has been done concerning with caspase-3 mRNA gene expression. Such as at amyloid beta induced an Alzheimer’s disease in animal.4,5 Caspase-3 increased about 30-40% during asphyxial apoptosis and induced a neuron cell death sequences that cause brain damage.6,7
There are no studies have been done to determine the relation of caspase-3 level and perinatal asphyxia. High mortality and morbidity caused by perinatal asphyxia lead to the needs of a biomarker to predict outcome for future prevention. The hypotesis of this study, there was an elevation of caspase-3 level in perinatal asphyxia and we assessed its correlation with neonatal outcome.

Methods
Study participants
The study design was observational analytic cross sectional with paired groups. This study was conducted from September 2016 to February 2017 in Neonatal Intensive Care Unit (NICU) Prof. Dr. R.D. Kandou Hospital, Manado. Sampling was done by consecutive sampling and fifty neonates were included in this study. Inclusion criteria of the study were: i) Apgar score < 3 on minute 5; ii) gestational age > 34 weeks. And exclusion criteria were any congenital anomaly and traumatic delivery, such as cephalhematoma and subgaleal or subaponeurotic hemorrhage. HIE is clinically defined as a disturbance in neurologic function demonstrated by difficulty in maintaining respirations, hypotonia, altered level of consciousness, depressedor absent primitive reflexes, seizures and poor feeding. The study was approved by the medical ethics committee of Prof. Dr. R.D. Kandou Hospital with reference number 049/EC-KEPK/IV/2016. Parents of all the newborns signed the written informed consent prior to entering the study.
		Caspase-3 examination was done twice to all neonates. First examination was performed in first eight hours of life. The second examination was performed at age 48 hours or if the neonates had HIE symptoms. Approximately 3 ml of venous blood were collected, followed by centrifuging at 1000 g (3000 rpm) for 15 minutes to isolate serum for further assays, using Human CASP/Caspase-3 ELISA Kit LSBio. The elevation of caspase-3 level > 0.2 ng/mL related to mortality in 30 days.10 And neonatal outcome was defined alive or dead when subjects out of NICU.

Statistical analysis
Characteristic of subjects were analyzed using descriptive analysis. Mean and elevation of caspase-3 level in perinatal aspyxia was analysed using an independent sample t-test. Correlations between caspase-3 level and neonatal outcome were analyzed using logistic regression analysis. SPSS 22.0 software was used for data processing and analysis. P<0.05 was considered to indicate a statistically significant difference.

Results
Characteristics of neonates with perinatal asphyxia
Out of fifty neonates included, 26 were boy (52%) and 24 were girl (48%). Twenty three neonates were with HIE symptoms (46%). The most type of birth delivery on this study were spontaneous labor with head presentation (62%) and sectio caesaria (SC) (32%), with the most common indication were premature rupture of membranes (42.9%) and fetal distress (28.7%). The mean birth weight was 2837 (SD 651.4, median 2975) gram and the mean mother’s age was 26.8 (SD 6.6, median 25) years old. The outcome shown 40 neonates were alive (80%) and 10 were dead (10%) on this study. Nine were died from HIE symptoms (90%).
[bookmark: _Hlk3387668]
[image: ]

Caspase-3 level measurement
Caspase-3 level shown increased on first and second examination in general. The mean caspase-3 level on first examination was 7.84 (SD 2.5; median 7.75; range 3.455-12.642) ng/mL. The mean caspase-3 level on second examination was 7.53 (SD 2.46; median 7.36; range 3.308-11.732) ng/mL. There was significant difference between first and second examination by 0.3135 points (t=6.555; P<0.0001). There was also significant difference of both caspase-3 level on neonates that alive by 0.294 points (t=6.363; P<0.0001) and dead by 0.391 points (t=2.503; P=0.034). Caspase-3 level on dead neonatal consistently higher than neonatal that alive (10.8 v 7.11 ng/mL on first examination; 10.411 v 6.816 ng/mL on second examination).
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Correlation between caspase-3 level and neonatal outcome
The correlation between caspase-3 level on neonatal with HIE symptoms and death outcome had significant relationship on first examination (RR=2.33; P=0.014) and second examination (RR=2.25; P=0.015) by using logistic regression analysis. Different result shown in neonates without HIE symptoms that there was no significant difference either on first examination (RR=2,23; P=0,205) and second examination (RR=2,47; P=0,178).
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Discussion
		Caspase-3 is a major protein in multicellular organism and the main regulator for apoptosis. Caspase activation from asphyxia event induced energy failure, acidosis intercellular, glutamate release, accumulation of calcium intracellular and nitric oxide toxicity that leads to absolute cell death.11 The conversion of procaspase-3 to caspase-3 takes 6 to 48 hours post asphyxia, occurs through either a cell-intrinsic or cell-extrinsic pathway.12,13 Caspase-3 level increase along apoptosis event and related to higher risk of mortality.14 This was a pilot study to determine the effect of caspase-3 level in perinatal asphyxia. We found there was significant increased caspase-3 level either on first or second examination. Higher caspase-3 level was also observed in neonatal with HIE symptoms.
		We  also found that neonates with HIE symptoms had more worse outcome with 90% mortality. It was similiar to what has been reported where HIE is the most common cause of perinatal mortality and neurological disturbances with the incidence was 1-3 of 1000 newborns.5,7 Inadequate cerebral blood flow and oxygen delivery in 12 to 36 hours post asphyxia is the underlying mechanisms of brain injury.15 Therefore, optimal oxygenation on neonatal resuscitation on the newborns is the most important management to prevent brain injury.5,6
		We assessed the relationship between caspase-3 level and neonatal outcome in perinatal asphyxia in this study. We observed there was significant difference in neonatal with HIE symptoms and death outcome. This relationship was not significantly difference in neonatal without HIE symptoms. The main underlying pathophysiology to explain this condition were caused by central nervous system injury. Brain stem disorders that can be found in HIE will made clinical symptoms deteriotated in the first 24 to 72 hours of life, with median time of mortality was two days.16,17
		This was the first cross sectional study to determine the role of caspase-3 level in perinatal asphyxia. However, our study has some limitations, including its cross sectional study nature and its did not has control group to determine caspase-3 level on healthy newborns. Consequently, a study with healthy newborns as control group are needed to more comprehensively evaluate the difference of caspase-3 level in both groups. Diagnostic study also needed to find caspase-3 sensitivity and specificity, especially in neonates.

Conclusion
		In conclusion, there is a significant increase of caspase-3 level in perinatal asphyxia and it can predicts death outcome in neonates with HIE. In other words, the higher caspase-3 level in perinatal asphyxia event can be used as biomarker to predicts outcome, especially with HIE symptoms, so the optimal management can be done.
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Table 1. Demographic characteristcs of children with perinatal asphyxia

HIE Non HIE
Variable
=23 (%) 2=27 (%)

Gender

Boys 13 (36.6) 13 (48.0)

Girls 10 (43.4) 14(519)
Type of labor

Spontaneous 16 (51.6) 15(48.4)

Sectio cacsaria 7437) 9(56.3)

Bracht maneuver - 2(100)

Vacuum extraction - 1100y
Mother's education level

College 5¢17) 7(583)

< High school 18(47.4) 20(52.6)
Outcome

Alive 1433) 26 (63)
Dead 990 1009
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Table 2. Caspase-3 level in perinatal asphyxia

Caspase-3 level
(ng/mL)

Variable Mean  Median  SD Range
General

First examination 784 775 25 345512642

Second examination 7.53 736 246 3.308-11.732
HE

First examination 9225 11737 239 3.848-12.642

Second examination 8.89 11732 196 3.618-11.732
Non-HIE

First examination  6.675 5371 197 3.455-11.030

Second examination 6.379  4.995 1.96 3.308-11.036
Alive

First examination 7.1 6495 214 345512276

Second examination 6.816  6.04 213 3.308-11.415
Dead

First examination ~ 10.8 11448 149 7.673-12.642

Second examinaion 10411 11726 136 7.656-11.732
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Figure 1. Scatterplot relationship between caspase-3 level and death outcome on neonatal
with HIE symptoms (A) and without HIE symptoms (B)




