


Cord Blood Gas Analysis and Its Clinical Significance in Neonatal Outcomes


Abstract:
Introduction: Blood gas analysis is a commonly used diagnostic tool to evaluate the partial pressures of gases in blood and acid -base balance. ABG remains the gold standard. Neonatal mortality rate was 20 per 1,000 live births in 2020,Traditionally clinical indicators such as the Apgar score were used to assess neonatal well-being ; however, these are subjective and influenced by many factors. Cord blood gas analysis offers an objective, quantifiable measure of perinatal hypoxia and acidosis
Aim: This study reviews the significance and clinical applications of cord blood gas analysis
Materials and Method: A prospective observational study between May 2022 and July 2023, at Dr. Mehta’s Multispecialty Hospital  Pvt. Ltd.,Chetpet Campus, Chennai, Tamil Nadu, India. The study included 150 consecutive deliveries
 Results & Discussion:  Mean pH was 7.25+/-0.83, Mean base excess -5.80+/-2.82, PaO2 22.29 +/-6.43,mmHg, PaCO2 50.55+/-12.58 mmHg, Bicarb 22.47+/-2.45mmol/l, Cord blood gas analysis helps identify whether complications during labor and delivery deprived the neonate of oxygen Though Apgar score remains useful for immediate newborn evaluation its subjective In contrast, cord blood gas analysis provides  an objective assessment of neonatal status
Conclusion: .Arterial pH and BE are significant predictors of neonatal morbidity,Modern blood gas analyzers are indispensable in obstetric and neonatal practice, guiding  immediate clinical decision-making and improving neonatal outcomes.
Key Words:   Arterial Blood Gas, Neonatal Mortality, Base Excess, Acid-Base Balance, Perinatal Hypoxia.  
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1. Introduction
Blood gas analysis is a commonly used diagnostic tool to evaluate the partial pressures of gases in blood and the acid–base balance. Understanding and interpreting blood gas analysis enables clinicians to recognize respiratory, circulatory, and metabolic disorders (1).
Blood gas analysis can be performed on samples obtained from arteries, veins, or capillaries. An arterial blood gas (ABG) explicitly tests blood taken from an artery. ABG assesses partial pressures of oxygen (PaO₂) and carbon dioxide (PaCO₂). PaO₂ reflects oxygenation status, while PaCO₂ reflects ventilation status, which can be altered by hyperventilation (rapid or deep breathing), hypoventilation (slow or shallow breathing), and acid–base disturbances (2,3). Although oxygenation and ventilation can also be assessed non-invasively through pulse oximetry and end-tidal CO₂ monitoring, ABG remains the gold standard (4).
According to UNICEF, every day approximately 67,385 babies are born in India, accounting for one-sixth of global childbirths. Advances in neonatal intensive care have significantly reduced neonatal mortality and morbidity. However, the neonatal mortality rate  wasl 20 per 1,000 live births in 2020 (5).
Neonatal morbidity and mortality are closely linked to perinatal events, particularly those affecting oxygen delivery to the fetus. Umbilical cord blood analysis provides an objective assessment of the newborn’s acid–base and oxygenation status at birth, reflecting intrauterine conditions during labor and delivery. Traditionally, clinical indicators such as the Apgar score were used to assess neonatal well-being; however, these are subjective and influenced by many factors. Cord blood gas analysis offers an objective, quantifiable measure of perinatal hypoxia and acidosis.
The advent of modern blood gas analyzers has made cord blood gas analysis feasible and reliable in clinical practice. These instruments rapidly measure multiple parameters, providing critical information for immediate neonatal management. Cord blood analysis has become a widely performed investigation to objectively determine the fetal metabolic condition at the time of delivery, when umbilical circulation ceases (6). Several studies show that when combined with other neonatal factors, this analysis helps identify infants at risk for neonatal encephalopathy, enabling early initiation of neuroprotective strategies (7). It also aids in immediate neonatal management and provides valuable medicolegal documentation.
Aim: This study reviews the significance of blood gas analysis in umbilical cord blood, its clinical applications, and its role in improving neonatal outcomes.

2. Materials and Methods
This was a prospective observational study conducted in the labor ward and operation theatre of Dr. Mehta’s Multispecialty Hospital Pvt. Ltd., Chennai, India, between May 2022 and July 2023. The study included 150 consecutive deliveries.
Inclusion criteria: All births occurring at the hospital during the study period.
Exclusion criteria: Parents who did not give consent, neonates with major congenital anomalies, and neonates discharged against medical advice within 24 hours of admission.
The study was approved by the Institutional Ethics Committee. Informed consent was taken from parents, the maternal data including maternal age, gestational age, birth order, mode of delivery and maternal comorbidities was collected from maternal case sheet.the birth weight and APGAR score of the new born was noted by pediatric resident or staff on duty. The sample was collected in the labour room or operation theatre by pediatric resident  or staff within 15 minutes after birth from doubly clamped 15 cm segment of isolated umbilical cord. 
. Previous studies have shown that pH, PaO₂, and PaCO₂ measured from clamped cord segments remain reliable for up to 60 minutes after birth (8). However, cord segments left in continuity with the placenta are influenced by ongoing placental metabolism, leading to unreliable results within 20 minutes of delivery (9).
Umbilical cord blood analysis was performed using the automated Cobas b221 blood gas analyzer (ion-selective electrode method) in the accredited biochemistry laboratory of our hospital.
Statistical Analysis: Data were analyzed using STATA 11.0 software. Continuous variables were expressed as mean, median, and range. Among the outcomes analysed, presence of respiratory morbidity  (delayed transition, transient tachypnea of new born, meconium aspiration syndrome, respiratory distress syndrome) and other non-respiratory morbidity (Perinatal depression, HIE, necrotizing enterocolitis, coagulopathy, neonatal seizures and extubation failure) was ascertained  by standardized definitions. (10,11,12,13) 

Results and Discussion

The mean pH in our study population was 7.25 ± 0.83, similar to values reported in previous studies: Victory et al. (14) (7.24 ± 0.07), Ray et al. (15) (7.25 ± 0.07), and Yeh et al. (16) (7.22 ± 0.08).
The mean base excess (BE) was –5.80 ± 2.82, which was comparable to Victory et al. (14) (–5.6 ± 3.0).
Other parameters: Mean PaO₂ was 22.29 ± 6.43 mmHg, mean PaCO₂ was 50.55 ± 12.58 mmHg, and mean bicarbonate was 22.47 ± 2.45 mmol/L. ( Table 2.)

Table 1. Reference ranges for umbilical arterial cord blood parameters (17)
	Parameter
	Median
	5th Percentile
	95th Percentile

	pH
	7.268
	7.120
	7.354

	PaO₂ (mmHg)
	16.30
	6.20
	27.60

	PaCO₂ (mmHg)
	55.10
	41.90
	73.53

	HCO₃⁻ (mmol/L)
	24.3
	18.80
	28.20

	BE (mmol/L)
	–3.00
	–9.30
	1.50



Table 2. Baseline characteristics of study population (N=150)
	Variable
	Mean
	SD
	Median
	Range

	pH
	7.25
	0.83
	7.26
	6.89 – 7.42

	PaO₂ (mmHg)
	22.29
	6.43
	22.05
	7.3 – 34.3

	PaCO₂ (mmHg)
	50.55
	12.58
	49.7
	-71 -75.6

	HCO₃⁻ (mmol/L)
	22.47
	2.45
	22.35
	17.7 – 28.3

	BE (mmol/L)
	–5.80
	2.82
	–4.90
	–15.5 – 2.0
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Fig 1: Distribution for reference ranges and study ranges.
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Fig 2:Comparison of reference median with study mean and median

The fetus depends on maternal blood for oxygen and nutrients, with gas and nutrient exchange occurring at the placenta. The umbilical cord contains one large vein carrying oxygenated blood to the fetus and two smaller arteries carrying deoxygenated blood rich in CO₂ and metabolic waste back to the placenta.
Venous cord blood reflects maternal acid–base status, whereas arterial cord blood provides a more accurate picture of fetal condition. Therefore, arterial cord blood pH and base excess (BE) are the primary values used to assess neonatal condition.
Cord blood gas analysis helps identify whether complications during labor and delivery deprived the neonate of oxygen. Oxygen deprivation can cause serious outcomes such as hypoxic–ischemic encephalopathy (HIE), intraventricular hemorrhage, cerebral palsy, and seizure disorders.
This study reviews the role of blood gas analyzers in cord blood analysis, their clinical applications, and their role in improving Neonatal outcomes, Though Apgar  score is a vital and useful tool for immediate newborn evaluation and clinical decision -making in delivery room,  the  components of Apgar score include respiratory effort, heart rate, muscle tone, colour, and reflexes which are measured subjectively and influenced by various external  factors  like gestational age, sedation, trauma and others ,(18,19) Cord blood gas  analysis is an objective tool in predicating the neonatal morbidities in cord blood gas analysis, The key point to be noted is that PH and BE/BD are the main values to be examined to determine whether the baby suffered from a lack of oxygen to the brain either shortly before or during delivery, A low arterial cord pH is probably the single most important value used to determine if hypoxia near the time of delivery was severe enough to cause hypoxia-ischemic encephalopathy (HIE). Many studies shows a strong association between a pH of less than 7.0- 7.24 and adverse outcomes (such as HIE, brain bleeds, CP, periventricular Leukomalacia PVL.) in babies.
 Base deficit (a negative base excess) is defined as the amount of strong base that must be added to return pH to normal values. The more negative a BE, the greater the concentration of metabolic components that contributed to acidic (low) pH. The more abnormally negative the base excess, or the larger the base deficit, the more serious the acidosis. The greater the acidosis, the more serious the oxygen deprivation in the baby (in most cases) most research shows that a BE equal to or more negative than -12 is a predictor of complication in the new born.
.Our findings emphasize that arterial pH and BE are significant predictors of respiratory morbidity and other Non- respiratory morbidities, with base excess being more sensitive and specific. A cutoff value of pH <7.25 and BE < –4.15 mmol/L can be used to anticipate respiratory morbidity. Neonates with pH >7.25 and BE > –4 mmol/L had a lower risk of complications. (Fig 1, Fig 2)
Collecting cord blood samples presents several challenges, both technical and procedural. As we are determining the acid- base status of neonate  at the moment of delivery, it is in flux during the perinatal period, the timing and technique of isolating a sample for analysis is very crucial. Delay in clamping by as little as 45 seconds after birth results in significant changes in acid- base parameters (20,22) the longer the delay , the greater is the change  (23,24)The change is a progressive decrease in Ph and base excess and increase in PCO2 and lactate.  Once isolated from maternal /neonatal circulation, the acid – base parameters of clamped cord blood are stable at room temperature for 60  minutes (21,22) Cord blood sample is collected in a pre heparinized syringes it is important to exclude  all air bubbles and cap the syringe before mixing the sample (25) in same manner    as being done in normal ABG, Recommendation from the Clinical & Laboratory Standards Institute (CLSI) is that arterial blood specimens should be analyzed within 30 minutes (26) hence well trained personnel for sample collection and coordination with the Laboratory  for logistics and operational barriers is very vital,
.

Conclusion
Umbilical cord blood gas analysis objectively determines acid–base balance and respiratory function immediately after delivery. It helps identify hypoxic stress, metabolic acidosis, and base deficits, providing a reliable assessment of neonatal status.
Modern blood gas analyzers are indispensable in obstetric and neonatal practice, guiding immediate clinical decision-making, improving neonatal outcomes, and serving as medicolegal documentation. Routine adoption of cord blood gas analysis, supported by proper training and standardized sampling protocols, can optimize neonatal care and reduce long-term morbidity.
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