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' ABSTRACT ’ Aim: To investigate the relationship between common acid-base parameters and blood lactate concentrations and their

prognostic importance in sick pre-term neonates. Methods: Seventy five serial simultaneous measurements of arterial
acid-base status and serum lactate concentrations were carried out in 30 neonates admitted to NICU with indwelling arterial catheters (gestational
age and birthweight, range 27-32 weeks, and 1250-2080 g, respectively. Results: There was a correlation that was statistically significant between
arterial blood lactate and pH. (p <0.001). There was no correlation between peak lactate concentration (PLC) and base excess. Lactate
concentrations were insensitively indicated by a negative base excess. At all levels, elevated lactate concentrations were associated with increased
mortality. In six infants, an increase in blood lactate that was clinically significant preceded the development of clinical markers of deterioration
and complications. Conclusions: pH or base excess cannot be used as surrogate measurements for blood lactate concentration; instead,
independent measurements of blood lactate concentration are required. In sick neonates, blood lactate concentrations may provide an early
warning signal and vital prognostic information. In this regard, serial blood lactate measurements are superior to a single value.
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INTRODUCTION

Hypoxia and hypotension are prevalent in sick neonates, especially
premature infants receiving intensive care. Monitoring tissue
perfusion is crucial for early recognition of circulatory failure,
initiation of appropriate treatment, and response evaluation. Changes
in heart rate, blood pressure, skin perfusion, and urine output, which
are typically used to detect reduced tissue perfusion in this age group,
are insensitive markers because clinically significant cellular hypoxia
and reduced perfusion may be present well before clinically detectable
changes in cardiovascular responses. In general, the size of these
infants has prevented the use of more invasive haemodynamic
monitoring, such as pulmonary artery thermodilution catheters to
measure cardiac output, mixed venous oxygen saturations, and oxygen
delivery.

The measurement of blood lactate concentrations is another method
for assessing tissue perfusion in critically ill neonates. Serial
measurements of blood lactate concentrations are superior to a single
measurement, not only for providing a more accurate prognosis, but
also for evaluating treatment response. ’

Despite the abundance of information regarding the importance of
measuring blood lactate in ill neonates, information regarding its
significance in critically ill neonates is limited. Hyperlactatemia is
linked to increased mortality in premature infants with respiratory
distress. It has also been reported that elevated lactate concentrations
in preterm infants are early indicators of sepsis® and the need for blood
transfusions.” In clinical practice, the presence of acidosis and, more
specifically, a negative base excess is commonly assumed to indicate
impaired tissue perfusion and hyperlactataemia.

This study investigates the relationship between pH and negative base
excess and arterial blood lactate concentrations in preterm neonates
admitted to NICU.

Methods

This was a retrospective study performed on 30 preterm neonates in the
NICU. Serially 75 ABGs were performed in these neonates till the
point the neonate showed clinical improvement or succumbed to the
illness. On admission, all these infants underwent monitoring of vitals,
and umbilical arterial line, venous line was secured. All these infants
received intravenous 10% glucose infusions, with the total fluid intake
varying between 100-125 ml/kg/day.

Blood samples were collected from indwelling arterial catheters at
approximately 12 hourly intervals for a maximum of five serial
measurements per neonate. The study was terminated early in the event
of death or removal of the arterial catheter either due to complications
or asubstantial improvement in the infant's status.

For the purpose of this study, hyperlactataemia was defined as an
arterial blood lactate concentration of greater than 4 mmol/l. The
relationship between acid-base parameters (pH and base excess) and
blood lactate concentrations was studied between subjects (with the
mean blood lactate concentrations for each subject in both groups) and
within subjects (by calculating the residuals for each measurement
from the mean for that subject). Peak lactate concentrations between
various groups were compared using Student's t test after logarithmic
transformation. Pearson's correlation coefficients were used to define
the relation between acid-base parameters and blood lactate
concentrations.

RESULTS

A total of 75 simultaneous measurements of arterial acid-base
parameters and blood lactate were obtained from these 30 neonates.
The initial sample was obtained at mean age of 12.2+/- 1.23 hours after
birth. The mean gestational age of the neonates was 30.32 +/- 2.3
weeks.

Twenty-two neonates had hyperlactatemia, defined as arterial blood
lactate concentration in excess of 4mmol/L. Mean lactate level was
4.76+/-1.92 mmol/L, mean base excess was a negative value of 6.2 +/-
0.63. Neither pH nor base excess were sensitive indicators of
hyperlactataemia.

There was no correlation between common acid-base parameters such
as pH, base excess, bicarbonate concentrations and blood lactate
concentrations. Neither pH nor base excess showed any association
with blood lactate concentrations within subjects.

5 infants died during their hospital stay. Raised blood lactate
concentrations, which was rising serially, but neither the lowest pH nor
the worst base excess was associated with increased inpatient
mortality. In two of the patients, lactates were > 6 mmol/l, and in the
remaining it was less than 6 but more than 4 mmol/l.

Inpatient mortality in relation to the lowest pH, worst base excess (-10
mmol/l; P*=0.734), and peak blood lactate concentrations using
Fisher's exact test.

Of 8 who never became hyperlactataemic, none died during the
hospital stay. Infants showing a consistent decrease or only a modest
increase in blood lactate concentrations during the study period
generally did well. This was true even for those infants with initial
hyperlactataemia. In 8 infants that had serially rising lactates, there
was complications a such as hypotensionin2 and AKI in 1.

When we compared the survivors with the non-survivors in those
neonates with serially rising lactates, we found that there was a
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statistically significant difference. (p=0.002).

DISCUSSION

The presence of metabolic acidosis (negative base excess) is often
assumed to reflect inadequate tissue perfusion and oxygenation. The
main purpose of our study was to examine the relationship between
common acid-base parameters and blood lactate concentrations,
another indicator of tissue perfusion, in critically ill neonates.’ In this
respect changes in oxygen extraction and delivery are more sensitive
markers of tissue hypoperfusion. However, these require measurement
of parameters such as mixed venous oxygen saturation and cardiac
output which are technically difficult in small sick neonates, and,
therefore, markers of tissue hypoperfusion such as lactate must be
relied on in this population.’

It has been suggested that in acute lactic acidosis the blood lactate
concentration and base excess correlate well.” In our study, however,
we could not show any clinically relevant relation between common
acid-base parameters, such as pH and negative base excess, and arterial
blood lactate concentrations. These results agree with the observations
in adults.” This is an important finding for two reasons. First, the
presence of negative base excess, which is generally relied on to detect
inadequate tissue perfusion, cannot be used as a proxy for blood lactate
concentrations. Hence studies of interventions designed to improve
tissue perfusion, such as the use of volume expanders or comparative
trials of various inotropic agents, should include measurement of
blood lactate as a marker of tissue perfusion.

Second, although many babies in our study had their negative base
excess corrected by the administration of alkali, their blood lactate
continued to be high or rose. Thus, correction of negative base excess
may mask the continuing reduced tissue perfusion, and reliance on this
parameter alone may provide a false reassurance of cellular wellbeing.
Rohim MM et al’ has also demonstrated a poorer outcome with
children in serial rising lactates despite adequate correction of base
excess.

In this study, we did find an increased inpatient mortality associated
with increasing blood lactate concentrations in this selected
population. In many instances, blood lactate concentrations rose
before any deterioration in the infant's condition had become clinically
apparent. Changes in arterial pH and/or base excess were not
informative of the subsequent outcome. In this regard, measurement of
blood lactate concentrations, especially serially, may give important
prognostic information and an early warning signal.

The mechanism of hyperlactatemia in sepsis is different to that in RDS,
being related to limited oxygen extraction resulting from
maldistribution of microcirculatory flow, but these observations
emphasize the value of blood lactate concentration as an indicator of a
baby's wellbeing under a variety of circumstances. The association
between increased lactate and mortality in our mainly preterm neonatal
population complements these findings.

Recently, normal ranges have been established for capillary blood
lactate concentrations in healthy preterm and term infants."""
Furthermore, capillary blood lactate concentrations differ little from
arterial concentrations in ill neonates.” This would allow capillary
blood samples to be used extensively for blood lactate measurements
inill infants.

CONCLUSIONS

In our study we noted that pH or base excess cannot be used as
surrogate measurements for blood lactate concentration; instead,
independent measurements of blood lactate concentration are
required, especially serial measurements. In sick neonates, blood
lactate concentrations may provide an early warning signal and vital
prognostic information. With this information, the management
strategies can be altered and help identify the underlying mechanisms
of the illness and provide appropriate care. With appropriate and
timely monitoring, we can help improve outcomes in sick neonates in
NICU.

REFERENCES

1. Matsushita FY, Krebs VL, de Carvalho WB. Risk prediction model for 24-hour mortality
in preterm infants using lactate and blood gas analysis: a machine learning approach and
retrospective cohort study. F1000Research. 2022 Apr20;11(444):444.

2. Dempsey EM, Al-Hazzani F, Barrington KJ (2009) Permissive hypotension in the
extremely low birth weight infant with signs of good perfusion. Arch Dis Child Fetal
Neonatal Ed 94(4):F241-F244

3. Abubacker M, Yoxall CW, Lamont G (2003) Peri-operative blood lactate concentrations

in pre-term babies with necrotising enterocolitis. Eur J Pediatr Surg 13:35-39

da Silva S, Hennebert N, Denis R, Wayenberg JL (2000) Clinical value of a single
postnatal lactate measurement after intrapartum asphyxia. Acta Paediatr 89:320-323
Nadeem, M., Clarke, A. & Dempsey, E.M. Day 1 serum lactate values in preterm infants
less than 32 weeks gestation. Eur J Pediatr 169, 667-670 (2010). https://doi.org/10.
1007/s00431-009-1085-y

Tuten A, Dincer E, Topcuoglu S, Sancak S, Akar S, Hakyemez Toptan H, Ozalkaya E,
Gokmen T, Ovali F, Karatekin G. Serum lactate levels and perfusion index: are these
prognostic factors on mortality and morbidity in very low-birth weight infants? J Matern
Fetal Neonatal Med. 2017 May;30(9):1092-1095. doi: 10.1080/14767058
.2016.1205019. Epub 2016 Jul 20. PMID: 27364570.

Marikar D, Babu P, Fine-Goulden M. How to interpret lactate. Archives of Disease in
Childhood-Education and Practice. 2021 Jun 1;106(3):167-71.

Sofijanova A, Bojadzieva S, Shuperliska E, Jordanova O. Is Procalcitonin and Lactate a
Early Markers for Sepsis in Newborns in the ICU. Health Science Journal.
2020;14(6):1-5.

Romih MM, Sarhan DT, Baraka AM, Mohamed MA. Value of Increased Serum Lactate
in Critically I1l Children in Pediatric Intensive Care Unit and Its Association with Worse
Outcome. The Egyptian Journal of Hospital Medicine. 2020 Oct 1;81(7):2335-9.

Junior LK, Carmona F, Aragon DC, Gongalves-Ferri WA. Evaluation of urine output,
lactate levels and lactate clearance in the transitional period in very low birth weight
preterm infants. European Journal of Pediatrics. 2021 Jan;180:91-7.

Gago C, Alexandre S, Margal M, Tuna M. Neonatal Septic Shock in a Neonatal Intensive
Care Unit-Trends In Incidence and Therapeutic Challenges. J Neonatol Clin Pediatr 9:
091.0f. 2022;5:2.

Massenzi L, Aufieri R, Donno S, Agostino R, Dotta A. Use of intravenous sodium
bicarbonate in neonatal intensive care units in Italy: a nationwide survey. Italian Journal
of Pediatrics. 2021 Dec;47(1):1-8.

Syed F,Kini S, Lewis LE, Bhat R, Purkaystha J. Prediction of Respiratory Morbidities in
Late Preterm Neonates Using Cord Blood Arterial Lactate and Base Excess. Iranian
Journal of Neonatology. 2019 Oct 1;10(4).

Go H, Ohto H, Nollet KE, Takano S, Kashiwabara N, Chishiki M, Maeda H, Imamura T,
Kawasaki Y, Momoi N, Hosoya M. Using platelet parameters to anticipate morbidity
and mortality among preterm neonates: a retrospective study. Frontiers in pediatrics.
2020 Mar 13;8:90.

58 ]| INDIAN JOURNAL OF APPLIED RESEARCH [




