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ABSTRACT

Objectives: Diagnosing Early-Onset Sepsis (EOS) requires a sensitive,
specific, and easily available marker. This study was conducted for
the estimation of the cut-off level of urinary and plasma lactate for
the diagnosis of EOS.

Study Design: Hundred neonates at risk of early onset sepsis were
included. Sepsis screen, blood culture, and plasma lactate within 2
hours and urinary lactate in the first urine sample were done. CRP,
plasma and urinary lactate were repeated at 24 + 2 hours. Receiver-
operating characteristic curve was drawn to find the optimal cut-off
point of urinary and plasma lactate levels.

Results: Median urinary lactate in the sepsis group were 0.6 mMol/L
and 0.40 mMol/L and in the non-sepsis group, they were 0.41 mMol/L
and 0.38 mMol/Lin the 1st passed sample and at 24 hours respectively.
Both urinary and plasma lactate were not able to diagnose early onset
sepsis. However, urinary lactate proved to be a useful marker for
diagnosing sepsis with shock and mortality.

Conclusion: Our study concludes that although urinary and plasma
lactate do not predict EOS, urinary lactate can predict shock and
mortality in babies with EOS at 24 hours of life.

KeYWOI"dS: Early Onset Sepsis, Lactate, Neonates

Introduction

Bacterial pathogens that are transmitted from the mother
to the infant before/ during the delivery cause Early-Onset
neonatal Sepsis (EOS). It occurs before 72 hours of birth. A
timely diagnosis of EOS has been challenging. Management

of neonates who are born at risk of EOS depends on the
risk factors present in mother as well as baby, positivity
of sepsis screen parameters performed after birth, and
clinical symptoms.'? The gold standard for diagnosing
neonatal sepsis is blood culture,? but as the report takes
at least 48 hours, many of these babies end up getting
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intravenous antibiotics, even when they are not infected.
To avoid unnecessary treatment of uninfected babies, an
early, sensitive, specific and easily available laboratory
test is required that can predict EOS in at-risk neonates.
Until now, no single ideal biomarker has been identified,
that can accurately diagnose septicaemia and could guide
efficacious antibiotic treatment. Lactate has been used
as a marker of hypoxia and poor perfusion in various
conditions in paediatric and neonatal populations.>* Urinary
lactate has been studied in conditions like hypoxic-ischemic
encephalopathy and bronchopulmonary dysplasia and has
proven useful,>® but has not been studied in sepsis. The
parameter carries the additional advantage of being a non-
invasive test. No cut-off level of urinary lactate is known that
can determine sepsis in neonates. Thus, we planned this
study with the primary objective of determining the cut-off
level of urinary lactate for diagnosis of EOS in neonates at
risk in first-passed urine and at 24 + 2 hours after birth.
Our secondary objective was to determine the cut-off for
plasma lactate level for diagnosing EOS at 2 hours and at
24 £ 2 hours after birth.

Material and Method

This cross-sectional study was conducted from March
2017 to April 2018 in the Department of Paediatrics in a
tertiary care hospital after approval from the Institute Ethics
Committee. Neonates with two or more risk factors for EOS
were included in the study? after taking written informed
consent from parents/ guardians of the neonates. Babies
with birth asphyxia (low Apgar score < 7 at 1 min), those
who were born through meconium-stained liquor or with
congenital anomalies/ multiple pregnancies/ Infants of
Diabetic Mothers (IDM) and babies born to mothers with
known metabolic abnormalities and other morbidities were
excluded. Sepsis screen [ANC, TLC, micro ESR, CRP, I/T ratio],
blood culture and plasma lactate were done within two
hours of birth in all these babies. CRP and plasma lactate
were repeated at 24 + 2 hours. Two urine samples were
collected for lactate estimation, the first passed urine
and then at 24 £ 2 hours. Babies were monitored for the
development of sepsis and blood culture positivity. All
the neonates were managed according to the Standard
Operating Protocols in NICU.?’

Antibiotics were started if foul-smelling liquor or more
than two risk factors for EOS or more than one antenatal
risk factor and positive sepsis screen was found.

Neonates were further classified as proven (clinical signs/
symptoms present), probable (clinical signs/ symptoms
present with a minimum of two abnormal laboratory
results), and no sepsis (presence/ absence of clinical signs,
negative sepsis screen and culture).2 A pre-designed case
record form was used to record the details.

Sample Collection

Three mL of venous blood was collected under aseptic
precautions for plasma lactate using a heparinised syringe
in a fluoride-oxalate vial and centrifuged at 400 x g for 10
minutes within half an hour to separate the plasma. Plasma
was then stored frozen at -20 °C. Urine was preferably
collected using a bag placed over the perineum and
aspirated from the bag using a syringe. If could not be
collected, urinary catheters were used.

Lactate Assay

Lactate levels were measured from stored plasma and
urine samples, within 24 hours of sample collection, by
colorimetric technique using Lactate Multipurpose liquid
reagent on automated and semi-automated analysers.®

The primary outcome was to determine urinary lactate
cut-off in the first-passed urine and at 24 + 2 hours after
birth in diagnosing sepsis in neonates at risk of developing
EOS. The secondary outcome was to determine plasma
lactate cut-off at 2 hours and 24 + 2 hours after birth in
diagnosing sepsis in these neonates.

Sample Size

No study was found that could give us a cut-off level of
urinary lactate in neonates with EOS. We recruited 100
neonates as the convenience sample size.

Statistical Analysis

SSPS 20.0 statistical software was used. P value of < 0.05
was considered to be significant. Fischer’s exact test was
applied to find the association of blood culture positivity
with categorical variables like gender, gestation at birth,
Appropriate for Gestational Age (AGA): Small for Gestational
Age (SGA\) ratio, CRP positivity, outcome, and complications
like shock and meningitis in neonates under study. Unpaired
student t test was applied to compare mean gestational
age, anthropometric parameters, vital parameters, ANC,
TLC, micro ESR, and I/T ratio in blood culture positive and
negative groups. Mann Whitney U test was applied for
comparing median urinary and plasma lactate between
blood culture positive and negative groups, survivor and
non-survivors, and in babies with and without shock.
Receiver-Operating Characteristic (ROC) curve was drawn
for urinary and plasma lactate levels.

Results

Hundred neonates, born with two or more risk factors of
EQS, were enrolled in the study. Neonates were categorised
into group 1 if the blood culture was positive (sepsis) and
group 2 if the blood culture was negative (non-sepsis). Out
of 100 neonates, blood culture was found to be positive in
10 babies. Table 1 shows the baseline demographic profile
of the neonates in both groups. EOS was found more in
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preterm neonates compared to term neonates. Groups
were comparable with respect to other parameters.

Heart rates and respiratory rates were comparable between
the two groups. Respiratory distress was seen in 40%
of culture-positive babies compared to 42% in culture-
negative babies which was the most common clinical
feature in both groups. Meningitis (10% vs 1.1%), shock
(30% vs 6.6%), DIC (30% vs nil), lethargy (20% vs 7.7%),
necrotising enterocolitis (10% vs 1.1%), pneumonia (30%
vs 2.2%), hypoglycaemia (10% vs 1.1%), feed intolerance
(20% vs 5.5%), and mottling (10% vs nil) were found more
in sepsis babies than non-sepsis babies.

Mean I/T ratio, micro ESR, ANC, and TLC were comparable
in the groups. CRP was positive in 10% of babies at 2
hours of life which increased to 40% at 24 hours in group
1 neonates. In group 2 neonates, 7.7% of neonates had
positive CRP at 2 hours which increased to 14.4% at 24
hours. The positivity of CRP was more evident at 24 hours
in sepsis group than non-sepsis, though the difference was
not statistically significant (Table 1).

Table |I.Comparison of Baseline Demographic Profile
and Sepsis Screen Parameters of Neonates between

Sepsis and Non-Sepsis Groups

CRP Positivity n (%)
At 2 HOL 1(10) 7(7.7)

At 24 HOL 4 (40) 13 (14.4)
HOL: Hours of life, * P-value < 0.05 significant

0.115

Median (IQR) of urinary lactate and plasma lactate in first-
passed urine and at 24 hours in both groups did not show
any statistically significant difference (Table 2) and were
not able to diagnose culture-positive EOS.
Table 2.Comparison of Median (IQR) of Urinary and
Plasma Lactate between Sepsis and
Non-Sepsis Groups

Group 1 (n Group 2 (n
= 10) = 90)
Median Median
Variables P-value
(1QR) (1QR)
lf;'zfsrty 'Ziaetde 0.6(0.18- | 0.41(0.24-
P 1.84) 0.72) 0.349
sample
Urinary lactate | 0.40(0.27- 0.38 (0.16- 0.194
at 24 HOL 1.87) 0.78) ‘
Plasma lactate | 3.05 (2.52-
2 HOL 4.42) 3.1(2.5-3.9) | 0.577
Plasma lactate | 3.05 (3.05- 2.9 (1.9- 0.558
at 24 HOL 3.8) 3.62) :

. Group 1 Group 2 P-
Variables (n=10) (n=90) | value
Male:female 5:5 53:37 0.738
Preterm:term 8:2 69:21 0.049°
SGA:AGA 3:7 41:49 0.519
Anthropometry Mean (SD)

Gestational age 34.45

(weeks) 33.40(1.95) (2.81) 0.253
. . 1806.40 1942.87

Birth weight (gm) (692) (577) 0.491
Length (cm) 40.60 (5.44) zgg;, 0.261

Head 30.23
circumference (cm) 30(2.44) (2.14) 0.782

Sepsis Screen Parameters
TLC /cu mm (mean 17200 + 14715.33 0322
+ SD) 10135.96 +7171.82 ’
ANC /cu mm (mean 7604.3 £ 7185.94 0743
+SD) 3808.98 3910.3 '
I/T ratio (mean % 0.09 +
+

sD) 0.06 + 0.05 013 0.433

Micro ESR (mm at 1.57

+

1st hr) (mean + SD) 2+£1.05 1.21 0.283

HOL: Hours of Life

Complication rates in the form of non-survival, shock
and meningitis were also compared in the two groups.
Three out of 10 babies (30%) in group 1 and 7/90 (7.7%)
in group 2 did not survive. All the neonates who died in
both groups were premature. Three out of 10 neonates
(30%) in culture positive group developed shock and one
baby developed meningitis (10%). In group 2, 7/90 babies
developed shock (7.7%) and one baby developed meningitis
(1.1%). Complication rates were comparable in both groups.

Urinary lactate and plasma lactate were also compared
among survivors and non-survivors (Table 3). Median (IQR)
urinary lactate in first-passed urine and at 24 hours was
significantly higher in non-survivors than survivors (p = 0.03
and p = 0.005 respectively). A cut-off of 0.71 mMol/Lhad a
sensitivity of 70% and specificity of 77.7% for urinary lactate
for diagnosing mortality in first-passed urine. At 24 hours,
urinary lactate had a sensitivity of 70% and specificity of
70% for diagnosing mortality at a cut-off of 0.54 mMol/L.
Urinary and plasma lactate were also compared in babies
who developed shock with those without shock (Table 3).
A significant difference was found in median (IQR) urinary
lactate at 24 hours of life in babies with and without shock.
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Table 3.Comparison of Urinary and Plasma Lactate in
Survivors vs Non-Survivors and with Shock
and Without Shock
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Figure 1.ROC Curve for Urinary Lactate at 2 Hours
of Life (1a) and 24 Hours of Life (I1b) for Diagnosis of
Culture-Positive Sepsis

Non- .
A Survivors
Survivors (n = 90)
Variables (n=10)
Median Median P-
(1QR) (1QR) value
Urinary lactate 0.41 (0.21- .
2t 2 HOL 0.8 (0.42-1.2) 0.7) 0.03
Urinary lactate 0.91 (0.44- | 0.35(0.16- 0.005"
at 24 HOL 1.83) 0.76) '
Plasma lactate at 3.1 (2.5-
5 HOL 3.2 (2.0-4.8) 3.9) 0.80
Plasma lactate at 2.9 (1.9-
>4 HOL 3.75 (2.7-5.6) 3.5) 0.0594
Shock Shock
Present Absent
(n=10) (n=90)
Variables Median Median P-
(IQR) (IQR) value
Urinary lactate 0.69 (0.42- | 0.69 (0.42- 0.130
at 2 HOL 0.85) 0.85) ’
Urinary lactate 0.74 (0.38- | 0.37 (0.16- 0.027"
at 24 HOL 0.98) 0.77) '
Plasma lactate at 3.60 (2.0-
5 HOL 3.60 (2.0-4.8) 4.8) 0.494
Plasma lactate at 3.35(3.0-
24 HOL 3.35(3.0-5.7) 5.7) 0.066

HOL: Hours of Life, * P-value < 0.05 significant

At a cut-off of 0.42 mMol/L, urinary lactate at 24 hours
of life was able to diagnose neonates with shock with a
sensitivity of 70% and specificity of 58.9%. Further sub
groups of the neonates under study were made as proven
sepsis (n = 10), probable sepsis (n = 20), and no sepsis (n =
70). There was a significant difference between the groups
in mean urinary lactate measured at 24 HOL. Mean (SD)
was calculated to be 1.03 (1.001), 0.92 (0.78), and 0.43
(0.38) in proven sepsis, probable sepsis, and no sepsis
respectively (p = 0.002).

Figure 1, shows the Receiver Operating Characteristic
(ROC) curve for urinary lactate at 2 hours of life (1a) and
24 hours of life (1b). Figure 2, shows ROC curve for urinary
lactate at 24 hours of life in shock (2a) and mortality (2b)
groups. We could not determine a cut-off of urinary lactate
and plasma lactate that could diagnose EOS with good
sensitivity and specificity.
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Figure 2.ROC Curve for Urinary Lactate at 24 Hours
of Life for Diagnosis of Shock (2a)
and Non-Survivors (2b)

Discussion

In the present study, we observed that urinary and plasma
lactate were not able to diagnose EOS in neonates with risk
factors at any cut-off with good sensitivity and specificity.
Urinary lactate turned out to be a better marker to diagnose
mortality and sepsis with shock than plasma lactate.

Lactate is known to be a marker of tissue hypoperfusion
and is shown to be increased in patients with sepsis.
Earlier studies hypothesised that sepsis is a condition
causing tissue hypoperfusion due to macrocirculatory or
microcirculatory dysfunction causing tissue hypoxia.1%*?
Elevated lactate was classically believed to be due to
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anaerobic metabolism associated with low oxygen delivery
to the tissues.® Different hypotheses for elevated lactate
in septic conditions have been proposed by various
researchers in recent years. Most patients with sepsis have
hyperdynamic circulation with adequate delivery of oxygen
to the tissues. Increased metabolic rate in septic patients
leads to increased glycolytic flux, which enhances the ability
of the pyruvate dehydrogenase enzyme to catalyse the
process of change of pyruvate to lactate.'* Also, lactate is
found to be a marker of endogenous catecholamine release.
Enhanced concentrations of endogenous epinephrine and
norepinephrine have been seen in septic shock animal
models as well as septic humans. These concentrations
have been linked to hyperlactataemia.*>*®

The cut-off of normal lactate levels in neonates is not
well defined. Hawdon et al. have shown the variation of
plasma lactate levels with gestation and postnatal day of
life.?® Anewborn’s blood glucose level drops during the
first two hours after birth and then rises to a constant
level two to three hours later. The fall in glucose level is
more in preterm neonates.?’ As majority of culture-positive
neonates in our study were premature, this could have led
to normal levels of urinary and plasma lactate at 2 hours
of life in culture-positive babies.

In the case of patients with severe sepsis and septic shock,
increased lactate is said to be present due to impaired
clearance rather than excess production.??? Lactate
clearance is lowered only when liver blood decreases to
25% of normal. Absence of severe sepsis and septic shock
on day one of life could be another reason for normal
lactate levels in our septic neonates.

The renal cortex is a major lactate-consuming organ in
the body after the liver. Lactate is handled by the kidneys
through excretion, gluconeogenesis, and oxidation.?*
Renal excretion is only important with hyperlactataemia
since the renal threshold is 6-10 mMol/mL.?* We observed
increased urinary lactate levels in first-passed urine and
24 hours of life in babies who developed shock later on.
The difference was statistically significant. Patients having
vigorous endogenous catecholamine release maintain blood
pressure, thus presenting as an occult shock. Elevated
lactate identifies these patients and aid in aggressive
management.? All the babies in our study had normal
renal function when lactate was measured. We hypothesise
that excess lactate in blood could have been excreted in
the urine giving a significant difference in urinary lactate
in the diagnosis of EOS and not in plasma lactate. This also
suggests that urinary lactate may be a marker of severe
sepsis and septic shock in neonates at EOS risk.

For diagnosis of EOS, blood culture is considered to be the
best test,? but the sensitivity of this test is only around

30-40%.% As per the National Neonatology Forum, India,
there is no rationale for performing a “sepsis screen” (i.e.
CRP, haematological parameters, micro ESR) in suspected
EOS due to very low Negative Predictive Value (NPV) of
these parameters. Procalcitonin and IL-6 are found to be
more promising for the diagnosis of EOS, but they are
currently not easily available on the bedside and are not
considered standards of care.” Lactate is a bedside, easily
available marker which can aid in the early diagnosis of
EOS in suspected babies born with risk factors along with
other markers.

The strength of our study is that most of our patients
were haemodynamically stable septic patients whereas
studies on lactate in adult and paediatric patients are in
severe sepsis and septic shock conditions. To the best of
our literature search, we could not find a study that has
determined urinary lactate in neonatal sepsis. The major
limitation of our study was inadequate sample size. The rate
of culture positivity was too low and the time frame was
limited. Post-hoc sample size considering AUROC of 0.625
for urinary lactate at 24 HOL and 10% culture positivity rate
was calculated as 337 controls and 34 cases; making our
study under powered to draw definite conclusions. Further
studies with adequate sample size on urinary lactate may
give us a non-invasive marker of diagnosis in early-onset
sepsis. Serial measurements of urinary and plasma lactate
beyond 24 hours of life are suggested to explore the role
of lactate in early-onset sepsis.

Conclusion

A rapid, reliable and non-invasive biomarker is needed
to diagnose babies with risk factors of early-onset sepsis.
In our study, both urinary and plasma were not able to
differentiate babies developing early onset sepsis from
those who were not, at both 2 hours of life and 24 hours
of life. However, urinary lactate turned out to be a better
marker than plasma lactate for diagnosing mortality and
sepsis with shock in babies at risk of EOS.

Acknowledgement

We would like to acknowledge the help provided by Dr
Rajiv Malhotra, Department of Biostatistics, UCMS and
GTB Hospital in carrying out the statistical work.

Source of Funding: None
Conflict of Interest: None
Disclosure Statement: None
References

1. Puopolo KM. Bacterial and fungal infections. In:
Eichenwald EC, Hansen AR, Martin CR, Stark AR, editors.
Manual of neonatal care. 8th ed. Philadelphia: Wolters
Kluwer. 2017;684.




10.

11.

12.

13.

Bhat RR et al.
Postgrad. J. Pediatr. Adol. Med. 2025; 1(2)

Agarwal R, Deorari A, Paul V, Sankar MJ, Sachdeva
A, editors. Neonatal sepsis. AIIMS protocols in
neonatology. 2nd ed. New Delhi: CBS Publishers; 2019.
303 p.

Choudhury J, Routray SS, Dash LD. Effectiveness of
predicting outcome in septic shock in critically ill
children by assessing serum lactate levels. Pediatr
Revint J Pediatr Res. 2016;3:9-12.

Reed L, Carroll J, Cummings A, Markwell S, Wall J,
Duong M. Serum lactate as a screening tool and
predictor of outcome in pediatric patients presenting to
the emergency department with suspected infection.
Pediatr Emerg Care. 2013;29(7):787-91. [PubMed]
[Google Scholar]

Oh W, Perritt R, Shankaran S, Merritts M, Donovan EF,
Ehrenkranz RA, O’Shea TM, Tyson JE, Laptook AR, Das
A, Higgins RD. Association between urinary lactate to
creatinine ratio and neurodevelopmental outcome in
term infants with hypoxic-ischemic encephalopathy. J
Pediatr. 2008;153:375-8. [PubMed] [Google Scholar]
FanosV, Pintus MC, Lussu M, Atzori L, Noto A, Stronati
M, Guimaraes H, Marcialis MA, Rocha G, Moretti C,
Papoff P, Lacerenza S, Puddu S, Giuffre M, Serraino
F, Mussap M, Corsello G. Urinary metabolomics of
Bronchopulmonary Dysplasia (BPD) preliminary data at
birth suggest it is a congenital disease. ) Matern Fetal
Neonatal Med. 2014;27(Suppl 2):39-45. [PubMed]
[Google Scholar]

Dutta S, Sandeep Kadam S, Saini SS, editors.
Management of neonatal sepsis. NNF clinical based
guidelines. New Delhi. 2010;155.

Haque KN. Definitions of bloodstream infection in
the newborn. Pediatr Crit Care Med. 2005;6:545-9.
[PubMed] [Google Scholar]

Dia Sys [Internet]. Multi-purpose kits lactate FS; [cited
2019 Mar 26]. Available from: https://www.diasys-
diagnostics.com/products/kit-lines/multi-purpose-kits/
product-details/200-lactate-fs/product.show

Vary TC. Sepsis-induced alterations in pyruvate
dehydrogenase complex activity in rat skeletal
muscle: effects on plasma lactate. Shock. 1996;6:89-
94. [PubMed] [Google Scholar]

Astiz ME, Rackow EC, Falk JL, Kaufman BS, Weil
MH. Oxygen delivery and consumption in patients
with hyperdynamic septic shock. Crit Care Med.
1987;15(1):26-8. [PubMed] [Google Scholar]
Friedman G, De Backer D, Shahla M, Vincent JL.
Oxygen supply dependency can characterize septic
shock. Intensive Care Med. 1998;24:118-23. [PubMed]
[Google Scholar]

Huckabee WE. Abnormal resting blood lactate. I. The
significance of hyperlactatemia in hospitalized patients.
Am JMed. 1961;30(6):840-8. [PubMed] [Google Scholar]

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kreymann G, Grosser S, Buggisch P, Gottschall C,
MatthaeiS, Greten H. Oxygen consumption and resting
metabolic rate in sepsis, sepsis syndrome, and septic
shock. Crit Care Med. 1993;21:1012-9. [PubMed]
[Google Scholar]

McCarter FD, Nierman SR, James JH, Wang L, King JK,
Friend LA, Fischer JE. Role of skeletal muscle Na+ —K+
ATPase activity in increased lactate production in sub-
acute sepsis. Life Sci. 2002;70(16):1875-88. [PubMed]
[Google Scholar]

BundgaardH, Kjeldsen K, Krabbe KS, van Hall G,
Simonsen L, Quist J, Hansen CM, Moller K, Fonsmark
L, Madsen PL, Pedersen BK. Endotoxemia stimulates
skeletal muscle Na+-K+-ATPase and raises blood lactate
under aerobic conditions in humans. Am J Physiol
Heart Circ Physiol. 2003;284:H1028-34. [PubMed]
[Google Scholar]

Levy B, Desebbe O, Montemont C, Gibot S. Increased
aerobic glycolysis through beta 2 stimulation is a
common mechanism involved in lactate formation
during shock states. Shock. 2008;30(4):417-21.
[PubMed] [Google Scholar]

James JH, Fang CH, Schrantz SJ, Hasselgren PO, Paul
RJ, Fischer JE. Linkage of aerobic glycolysis to sodium-
potassium transport in rat skeletal muscle. Implications
for increased muscle lactate production in sepsis. JClin
Invest. 1996;98:2388-97. [PubMed] [Google Scholar]
Hawdon JM, Ward Platt MP, Aynsley-Green A. Patterns
of metabolic adaptation for preterm and term infants
in the first neonatal week. Arch Dis Child. 1992;67:357-
65. [PubMed][Google Scholar]

Gustafsson J. Neonatal energy substrate production.
Indian J Med Res. 2009;130:618-23. [PubMed] [Google
Scholar]

Levraut J, Ciebiera JP, Chave S, Rabary O, Jambou P,
Carles M, Grimaud D. Mild hyperlactatemiain stable
septic patients is due to impaired lactate clearance
rather than overproduction. Am J Respir Crit Care
Med. 1998;157:1021-6. [PubMed] [Google Scholar]
Bellomo R, Ronco C. The pathogenesis of lactic acidosis
in sepsis. Curr Opin Crit Care. 1999;5:452-7. [Google
Scholar]

Barrie P, Tom PJ. Lactate physiology in health and
disease. Conti Educ Anesth Crit Care Pain. 2006;6:128-
32. [Google Scholar]

Bellomo R. Bench-to-bedside review: lactate and the
kidney. Crit Care. 2002;6(4):322-6. [PubMed] [Google
Scholar]

Farkas J [Internet]. Understanding lactate in sepsis
&using it to our advantage. PulmCrit; 2015 [cited
2019;26]. Available from: https://emcrit.org/pulmcrit/
understanding-lactate-in-sepsis-using-it-to-our-
advantage



https://pubmed.ncbi.nlm.nih.gov/23823254/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+lactate+as+a+screening+tool+and+predictor+of+outcome+in+pediatric+patients+presenting+to+the+emergency+department+with+suspected+infection&btnG=
https://pubmed.ncbi.nlm.nih.gov/18534246/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Association+between+urinary+lactate+to+creatinine+ratio+and+neurodevelopmental+outcome+in+term+infants+with+hypoxic-ischemic+encephalopathy&btnG=
https://pubmed.ncbi.nlm.nih.gov/25284176/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Urinary+metabolomics+of+bronchopulmonary+dysplasia+%28BPD%29%3A+preliminary+data+at+birth+suggest+it+is+a+congenital+disease&btnG=
https://pubmed.ncbi.nlm.nih.gov/15857558/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Definitions+of+bloodstream+infection+in+the+newborn&btnG=
https://pubmed.ncbi.nlm.nih.gov/8856841/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sepsis-induced+alterations+in+pyruvate+dehydrogenase+complex+activity+in+rat+skeletal+muscle%3A+effects+on+plasma+lactate&btnG=
https://pubmed.ncbi.nlm.nih.gov/3792011/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oxygen+delivery+and+consumption+in+patients+with+hyperdynamic+septic+shock&btnG=
https://pubmed.ncbi.nlm.nih.gov/9539067/
https://scholar.google.com/scholar?q=Oxygen+supply+dependency+can+characterize+septic+shock&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/13716482/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abnormal+resting+blood+lactate.+I.+The+significance+of+hyperlactatemia+in+hospitalized+patients&btnG=
https://pubmed.ncbi.nlm.nih.gov/8319458/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oxygen+consumption+and+resting+metabolic+rate+in+sepsis%2C+sepsis+syndrome%2C+and+septic+shock&btnG=
https://pubmed.ncbi.nlm.nih.gov/12005173/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+skeletal+muscle+Na+%2B+%E2%88%92K%2B+ATPase+activity+in+increased+lactate+production+in+sub-acute+sepsis&btnG=
https://pubmed.ncbi.nlm.nih.gov/12446281/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Endotoxemia+stimulates+skeletal+muscle+Na%2B%E2%80%90K%2B%E2%80%90ATPase+and+raises+blood+lactate+under+aerobic+conditions+in+humans&btnG=
https://pubmed.ncbi.nlm.nih.gov/18323749/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Increased+aerobic+glycolysis+through+beta2+stimulation+is+a+common+mechanism+involved+in+lactate+formation+during+shock+states&btnG=
https://pubmed.ncbi.nlm.nih.gov/8941658/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Linkage+of+aerobic+glycolysis+to+sodium%E2%80%90potassium+transport+in+rat+skeletal+muscle.+Implications+for+increased+muscle+lactate+production+in+sepsis&btnG=
https://pubmed.ncbi.nlm.nih.gov/1586171/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Patterns+of+metabolic+adaptation+for+preterm+and+term+infants+in+the+first+neonatal+week&btnG=
https://pubmed.ncbi.nlm.nih.gov/20090117/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Neonatal+energy+substrate+production&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Neonatal+energy+substrate+production&btnG=
https://pubmed.ncbi.nlm.nih.gov/9563714/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mild+Hyperlactatemia+in+Stable+Septic+Patients+Is+Due+to+Impaired+Lactate+Clearance+Rather+Than+Overproduction&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+pathogenesis+of+lactic+acidosis+in+sepsis&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+pathogenesis+of+lactic+acidosis+in+sepsis&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lactate+physiology+in+health+and+disease&btnG=
https://pubmed.ncbi.nlm.nih.gov/12225607/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bench%E2%80%90to%E2%80%90bedside+review%3A+lactate+and+the+kidney&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bench%E2%80%90to%E2%80%90bedside+review%3A+lactate+and+the+kidney&btnG=

