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ABSTRACT

Background: Severe sepsis and septic shock are the major causes of admission and deaths in the ICU, killing one in
four (and often more) and increasing in incidence. In order to improve the clinical outcomes in these patients, it is
crucial to obtain early recognition of patients who are at risk of death and to optimize the clinical decision making in a
timely manner. In order to monitor the metabolic consequences of shock and hemodynamic management, plasma
lactate levels can be used in critical illness. Objective of the study is to estimate plasma lactate and lactate clearance in
sepsis and septic shock patients and to correlate plasma lactate and lactate clearance as predictors of mortality.
Methods: This study is a prospective observational study conducted over 18months. Children with age of 1 month to
18 years admitted to the Paediatric intensive care unit with sepsis and septic shock were enrolled in the study. ABG at
admission to document plasma lactate and lactate repeated at 6 and 24 hrs. Lactate clearance calculated at 6 and 24
hrs. The final outcome in terms of survival or death will be recorded.

Results: Majority of the children fall in the class between 1-6 months 51(48.11%). Male comprises 69(65.09%).
Among these, Sepsis 36(33.96%); followed by Pneumonia 34(32.07%). Survivors group were 35(33.02%) and non-
survivor was 71(66.98%). The Non survivor group was observed to have lower mean values of lactate clearance and
found to be statistically significant. Specificity of Lactate clearance was 63.52% and Sensitivity 76.02% respectively.
The results were positively associated with lactate level at 24 hours found to be significant effect of survivability
when compared to non-survivor.

Conclusions: Lactate clearance is vital and markable sign for screening of septic shock at early stage for therapeutic
option. Further, 24-hours lactate estimation (cut off values) clearance appears superior to 6 h lactate clearance in
predicting mortality in such patients.
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INTRODUCTION

Successful hemodynamic resuscitation and continued
monitoring are key components of the management of
sepsis in the emergency department {ED}.Y3
Unfortunately, traditional methods of monitoring such as
noninvasive blood pressure, pulse rate, pulse oximetry
and urine output, are insensitive and unreliable markers
of ongoing tissue hypoperfusion and hypoxia.* It is well

documented that microvascular flow alterations and
organ hypoxia can exist despite normalization of vital
signs.>8 In order to monitor the metabolic consequences
of shock and hemodynamic management, plasma lactate
levels and lactate clearance can be used in critical illness.

Lactate measurement in critically ill patients is practical
and can provide information on illness severity and
prognosis, because a high lactate level is most frequently,
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interpreted as resulting from anaerobic metabolism
related to cellular hypoxia and is thought to be an
important marker of impaired tissue perfusion in patients
with sepsis particularly when associated with metabolic
acidosis.”® For this reason, current guidelines on the ED
management of sepsis recommend measuring and
monitoring serum markers of tissue ischemia.®*!

The present study aims to check whether plasma lactate
levels and lactate clearance at admission to PICU show
any correlation with mortality in critically ill patients and
the levels which best correlate with mortality and which
could be used prospectively to identify patients who are
likely to develop multi-organ failure.

METHODS

This study is a prospective observational study conducted
over 18 months. Children with age of 1 month to 18 years
admitted to the Pediatric intensive care unit with sepsis
and septic shock were enrolled in the study. ABG at
admission to document plasma lactate and lactate
repeated at 6 and 24 hrs. Lactate clearance calculated at 6
and 24 hrs. The final outcome in terms of survival or
death will be recorded.

Inclusion criteria

Children with age of 1 month to 18 years admitted to
PICU with suspected sepsis and septic shock. Sepsis +
Hypotension (BP<2SD adjusted for the age) Or atleast
one manifestation of inadequate perfusion:!

e Altered mentation (Irritability/ Lethargy/Coma)

e Hypoxia (PaO2/FiO2 <300)

e Metabolic acidosis (Arterial pH<7.35 or Base
deficit>5)

e Oliguria (Urine output <0.5ml/kg/h)

e Along with s/o poor peripheral perfusion (CRT>3s;
Cyanosis)

Exclusion criteria

e Patients with other causes of shock
o Hypovolemic shock
o Cardiogenic shock
o Anaphylactic shock
o Neurogenic shock
o Endocrinological cause
e Known malignancies and
treatment.
e  Chronic kidney diseases.
e Post-operative state.
e Sepsis and Septic shock patients succumbed within
24 Hrs.

immunosuppressive

After obtaining institutional ethics committee clearance
and written informed consent, the admitted patients in
paediatric intensive care unit, the department of

Paediatrics fulfilling the inclusion criteria were enrolled
in the study.

All patients with sepsis and septic shock based to
International consensus on Paediatric sepsis according to
inclusion criteria, their blood samples were collected for
lactate at the time of admission to the PICU. Pre-
structured format was used for collection of data. ABG at
admission to document plasma lactate, later serial
monitoring of the plasma lactate at 6 and 24 hours. The
final outcome in terms of survival or death was recorded.

Collected data was analysed by using SPSS 16.50
version, Univariate logistic regression, ROC and paired
test was used to test the hypothetical results.

RESULTS

A total 106 cases were prospectively observed during the
study period, the mean age of the patient was 10.56 years
with SD 1.62 years. The age class was categorized based
on the mean and SD of the individual age group. As per
the resulted findings, majority of the children were falling
on in the age class between 1-6 months 51(48.11%)
followed by 2-5years 22(20.75%), 7-12 months
14(13.21%); 11-16 years was 10(9.43%); 6-10 years
7(6.60%) and more than 16 years was 2(1.89%)
respectively (Table 1).

Table 1: Demographics.

Demographics Number Percentage
Age class

1-6months 51 48.1%
7-12months 14 13.2%
2-5years 22 20.7%
6-10years 7 6.60%
11-16years 10 9.43%
>16years 2 1.89%
Gender

Male 69 65.1%
Female 37 34.9%
Diagnosis

Pneumonia 34 32.07%
Sepsis 36 33.96%
Neuroinfection 30 28.30%
Urosepsis 04 3.77%
Tonsillopharyngitis 02 1.89%

Of which male comprised 69(65.09%) with male: female
ratio of 2:1.

Frequency distribution of various types of diagnosis,
presenting with sepsis. As per the resulted findings
pneumonia 34(32.07%) was the major cause followed by
sepsis  36(33.96%);  Neuroinfection  30(28.30%);
Urosepsis 04(3.77%) and Tonsillophasyngitis 02(1.89%).
The results found that,the survivor 35 (33.02%) and non-
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survivor was 71(66.98%) (Table 2). Final outcome in
association with lactate level with defined time interval,
hypothesis was tested by using ROC and logistic
regression analysis methods.

Blood lactate significance level correlation with final
outcome with defined time interval, this hypothesis was
tested by using ROC analysis .The results found that, in
case of survivor, the mean lactate level at 0 hours was
2.92+0.88 ; At 6 hours 8.02+0.93 and at 24 hours was
15.98+3.60. Similarly authors have correlated in non-
survivor the mean lactate level at 0 hours was 4.04+0.33;
at 6 hours was 7.89+1.56; at 24 hours mean lactate was

13.28+4 (Table 3). The results were positively associated
with lactate level at 24 hours found to be significant
effect of survivability when compared non survivor with
good Specificity =95.21%, Sensitivity =84.55%, NPV-53,
PPV-88.63, AUC-0.86.

Table 2: Outcome.

Out come No Percentage
Survivor 35 33.02

Non Survivor 71 66.98

Total 106 100.00

Table 3: Blood lactate significance level.

Non survivor (n=35

Blood lactate

Survivor (n=71

MeanzSD Cl1-95%

Mean+SD

C1-95%

Lactate 24h 2.92+0.588 1.76-4.07 4.74+0.33 4.04-5.45 >0.000 0.62
LC6hrs 8.02+0.93 6.10-9.94 7.89+1.56 4.84-10.95 >0.000 0.71
LC24hrs 15.98+3.6 8.92-23.03  13.28+4.45 4.42-22.14  <0.000 0.86

The Non survivor group was observed to be associated
with lower mean values of lactate clearance and found to
be statistically significant, At 24 hours: Specificity
=05.21%, Sensitivity=84.55%, NPV-53, PPV-88.63,
AUC-0.86 (Relative cut off values lactate clearance 26.52
at 24 hours) (Figure 1).
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Figure 1: ROC curve blood lactate at 24 hours.
DISCUSSION

The present study confirms the association between
Lactate level and Lactate clearance [LC] with mortality in
Sepsis and septic shock patients. This study demonstrated
to know the correlation between lactate levels and lactate
clearance (relative cut off values 26.52 at 24 hours).

A separate group was categorised based on the mortality
viz survivor and non-survivor group, for each group ROC
analysis was done to obtain the relevancy of the study
parameters. Importantly, this is very important paediatric
study to demonstrate that a relative estimation of LC,
lactate normalisation within the 0-24 hours of treatment
strongly predicts survival rate by wusing statistical
methods.

Zhang Z, Xu X, et al, conducted meta-analysis clearly
depicted that, a consistent lower mortality associated with
LC cut off values (24.55 at 24 hours, specificity 95.0%
p=0.002). This study is comparable to this study
intervention, the present study describes blood lactate
level was found to be significantly correlated with
survivor and insignificant correlation was found in non-
survivor. The results were strongly associated with lactate
level at 24 hours found to be significantly affect the
survivability when compared to non-survivor group with
good Specificity =78.21%, Sensitivity =80.09.55%,
Negative Predictive Value -76, Positive Predictive Value
-63.21, AUC-0.72.%?

Another global study reported by Krishna et al, measured
a serial lactate concentrations during 24 hours in 115
children with severe malaria in Gambia, concluding that
sustained high lactate was the most powerful prognostic
indicator of fatal outcome.***

Another study done by Kim et al, in 65 children admitted
in a paediatric intensive care unit (PICU) with septic
shock, the results found that the area under the curve
(AUC) of serial lactates measured during the first 24h
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had a strong predictive power of mortality at 28 days
(ROC AUC -0.828).18-2

In this study, the serial lactate was estimated and
analysed by ROC, the results proved that lactate level
was correlated with different time period and mortality
(p<0.01).

Authors observed to correlate this results with another
study done by Munde et al, recently reported that a
relative LC <30% at 6 h predicted mortality in PICU
children in India comparably to the more complex
Paediatric Risk of Mortality (PRISM) score, standard in
paediatric intensive care.?>?” LC could serve as valid
surrogate end point of clinical trials of malaria, aiming to
improve mortality, as recently demonstrated by Jeeyapant
et al, in a large cohort of adult patients with malaria.?

To date two multicentre randomised trials have assessed
the clinical value of resuscitation strategies that included
LC as a target in adults admitted to intensive care units,
showing that quantitative resuscitation based on LC was
non-inferior or even superior to that based on ScvO2
alone, and the most recent Surviving sepsis Campaign
guidelines suggest targeting resuscitation to lactate
normalisation in adult septic patients, although weak
evidence exists for this recommendation. 4152

A recent study conducted in 218 adult patients with
severe infection at a regional referral hospital in Uganda
questioned whether serial assessment of vital signs
combined with point-of-care lactate at 6 hr could be a
feasible method of monitoring patients being resuscitated
from severe sepsis or malaria in a resource-poor setting.?*
Despite an improvement in vital signs and lactate values
at 6 h of resuscitation, the authors could not demonstrate
an association between an LC >10% and improved in-
hospital mortality.?526

Many literatures revealed that, more extreme or loose
definition could have vyielded slightly different results.
Moreover, the fact that LC in the FEAST trial was
calculated at 8h after randomisation for all participants,
prevents one from determining the precise moment when
lactate normalisation occurred for each individual. If
some of the participants cleared their lactate significantly
earlier than 8-24 hours and that was associated with a
better  outcome, the true effect of lactate

normalisation/LC on survival could be underestimated.?"
23

This study had certain limitations to correlate PRISM
score in accordance with standard operating protocol due
to time lag and resources. Despite the optimal LC
threshold or the LC rate not having been clearly defined,
many studies on LC in sepsis have used a relative
clearance rate of 10-20% in repeated samples measured
at 2 -3 hours intervals during the first 0-24 hours of
morbidity. Unfortunately, this prospective observational
study design does not allow one to answer whether

targeting resuscitation to achieve a specific Lactate
clearance improves outcomes in severely ill children in
this context.

CONCLUSION

Lactate clearance is a simple, valid and cost-effective risk
stratification tool, potentially more reliable than absolute
lactate values alone. It may as well be a potential
therapeutic target to guide resuscitation in children in
resource-poor settings. Furthermore, it is not limited to
children with specific diagnoses, but rather covers
different presentation syndromes, which reflects the
population of children presenting to hospital.

ACKNOWLEDGEMENTS

Authors would like to thank Dr. Basavaraj.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. Delinger RP, Carlet JM, Masur H, Gerlach H,
Calandra T, Cohen J, et al. Surviving Sepsis
Campaign guidelines for management of severe
sepsis and septic shock. Crit Care Med.
2004;32:858-73.

2. Dellinger RP, Levy MM, Carlet JM, Vincent JL.
Surviving sepsis campaign: international guidelines
for management of severe sepsis and septic shock:
2008. Crit Care Med. 2008;36:296-327.

3. Handy J. Lactate - The bad boy of metabolism, or
simply misunderstood? Curr Anaesth Crit Care.
2006;17:71-6.

4.  Nguyen HB, Rivers EP, Abrahamian FM, Moran
GJ, Abraham E, Trzeciak S, Huang DT, Osborn T,
Stevens D, Talan DA, Program ED. Severe sepsis
and septic shock: review of the literature and
emergency department management guidelines. Ann
Emerg Medi. 2006 Jul 1;48(1):54-el.

5.  Husain FA, Martin MJ, Mullenix PS, Steele SR,
Elliott DC. Serum lactate and base deficit as
predictors of mortality and morbidity. Am J Surg.
2003;185(5):485-91.

6. Van Beest PA, Brander L, Jansen SP, Rommes JH,
Kuiper MA, Spronk PE. Cumulative lactate and
hospital mortality in ICU patients. Ann Intensive
Care. 2013;3(1):6.

7. Jat KR, Jhamb U, Gupta VK. Serum lactate levels as
the predictor of outcome in pediatric septic shock.
Indian J Crit Care Med. 2011;15:102-7.

8. Meregalli A, Oliveira RP, Friedman G. Occult
hypoperfusion is associated with increase mortality
in hemodynamically stable, high-risk, surgical
patients. Critical Care. 2004;8:R60-4.

9. Varpula M, Tallgren M, Saukkonen K, Voipio-
Pulkki LM, Pettila V: Hemodynamic variables

International Journal of Contemporary Pediatrics | June 2020 | Vol 7 | Issue 6 Page 1216



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Patil R et al. Int J Contemp Pediatr. 2020 Jun;7(6):1213-1217

related to outcome in septic shock. Intensive Care
Med. 2005,31(8):1066-71.

Palma LC, Ferreira GF, Amaral ACKB et al -
Acidosis and mortality in severe sepsis and septic
shock evaluated by base excess variation. Crit Care.
2003;7(Suppl3):P39.

David A, Turner and Cheifetz IM. The acutely Il
child In; Kliegman, Stanton, St. Geme, Schor,
Behrman, eds. Nelson textbook of Paediatrics. 19t
ed. Reed Elsevier India private limited publisher;
2016: 305-314.

Zhang Z, Xu X, Chen K. Lactate clearance as a
useful biomarker for the prediction of all-cause
mortality in critically ill patients: a systematic
review study protocol. BMJ Open. 2014;4:e004752.
Vincent JL, Quintairos ESA, Couto L Jr, Taccone
FS. The value of blood lactate Kinetics in critically
ill patients: a systematic review. Crit Care.
2016;20:257.

Jones AE, Shapiro NI, Trzeciak S, Arnold RC,
Claremont HA, Kline JA. Lactate clearance vs
central venous oxygen saturation as goals of early
sepsis therapy: a randomized clinical trial. JAMA.
2010;303:739-46.

Jansen TC, van Bommel J, Schoonderbeek FJ,
Sleeswijk Visser SJ et al. Early lactate-guided
therapy in intensive care unit patients: a multicenter,
open-label, randomised controlled trial. Am J Respir
Crit Care Med. 2010;182:752-61.

Scott HF, Brou L, Deakyne SJ, Fairclough DL,
Kempe A, Bajaj L. Lactate clearance and
normalization and prolonged organ dysfunction in
Pediatric sepsis. J Pediatr. 2016;170:149-155.e4
Krishna S, Waller DW, ter Kuile F, Kwiatkowski D
et al. Lactic acidosis and hypoglycaemia in children
with severe malaria: pathophysiological and
prognostic significance. Trans R Soc Trop Med
Hyg. 1994;88:67-73.

Kim YA, Ha EJ, Jhang WK, Park SJ. Early blood
lactate area as a prognostic marker in Pediatric
septic shock. Intensive Care Med. 2013;39:1818-23.
Maitland K, Kiguli S, Opoka RO, Engoru C,
Olupot-Olupot P, Akech SO, et al. Mortality after
fluid bolus in African children with severe infection.
New Engl J Med. 2011 Jun 30;364(26):2483-95.
Kiguli S, Maitland K, George EC, Olupot-Olupot P,
Opoka RO, Engoru C, et al. Anaemia and blood

21.

22.

23.

24,

25.

26.

27.

28.

transfusion in African children presenting to
hospital with severe febrile illness. BMC Medi.
2015 Dec;13(1):21.

Jeeyapant A, Kingston HW, Plewes K, Maude RJ,
Hanson J, Herdman MT, et al. Defining surrogate
end points for clinical trials in severe falciparum
malaria. PLoS One. 2017;12:e0169307.

Munde A, Kumar N, Beri RS, Puliyel JM. Lactate
clearance as a marker ofmortality in pediatric
intensive care unit. Indian Pediatr. 2014;51:565-
7.28.

Rhodes A, Evans LE, Alhazzani W, Levy MM,
Antonelli M, Ferrer R, et al. Surviving sepsis
campaign: international guidelines for management
of sepsis and septic shock: 2016. Intensi Care
Medicine. 2017 Mar 1;43(3):304-77.

Amir A, Saulters KJ, Olum S, Pitts K, Parsons A,
Churchill C, et al. Outcomes of patients with severe
sepsis after the first 6 hours of resuscitation at a
regional referral hospital in Uganda. J Criti Care.
2016 Jun 1;33:78-83.

Theerawit P, Na Petvicharn C, Tangsujaritvijit V,
Sutherasan Y. The correlation between arterial
lactate and venous lactate in patients with sepsis and
septic shock. J Intensive Care Med. 2018;33:116-20.
Parsapour K, Pullela R, Raff G, Pretzlaff R. Type B
lactic acidosis and insulin resistant hyperglycemia in
an adolescent following cardiac surgery. PediatrCrit
Care Med. 2008;9:e6-9.

Enoch AJ, English M, Shepperd S. Does pulse
oximeter use impact health outcomes? A systematic
review. Arch Dis Child. 2016;101:694-700.
Dellinger RP, Levy MM, Rhodes A, Annane D,
Gerlach H, Opal SM, et al. Surviving Sepsis
Campaign: international guidelines for management
of severe sepsis and septic shock, 2012. Intensi Care
Medi. 2013 Feb 1;39(2):165-228.

Cite this article as: Patil R, Chikkanarasareddy PS,
Mallesh K. Plasma lactate levels and lactate clearance
as predictors of outcome in patients with sepsis and

septic shock. Int J Contemp Pediatr 2020;7:1213-7.

International Journal of Contemporary Pediatrics | June 2020 | Vol 7 | Issue 6 Page 1217



