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Abstract

Objective—Assess the association of initial lactate (L0) with mortality in children with severe
sepsis.

Methods—~Prospective cohort study of 74 patients <18 years old with severe sepsis admitted to
the Pediatric Intensive Care Unit (PICU) of a tertiary, academic children’s hospital with lactate
measured within 3 hours of meeting severe sepsis or septic shock. The primary outcome was in-
hospital mortality. Secondary outcomes included PICU and hospital length of stay (LOS).

Results—While overall mortality was 10.5% (n=18), patients with LO measured (n=72) had a
higher mortality (16% vs 6%, p=0.03) and higher median PRISM-III risk of mortality scores, (p=
0.02) than those who did not. Median L0 was no different between non-survivors and survivors
(3.6 mmol/L [IQR 2.0-9.0] in non-survivors vs. 2.3mmol/L [IQR 1.4-3.5] in survivors, p=0.11).
However, LO was independently associated with PRISM-I111 score, (coef 1.12, 95% C10.4t0 1.8, p
= 0.003) with an increase in mean PRISM-111 score of 1.12 units for every Immol/L increase in
L0, with LO accounting for 12% of the variability in PRISM-I1I scores between patients. There
was no association between L0 and PICU or hospital LOS.

Conclusions—Although our single center study did not demonstrate that an elevated early
lactate is associated with mortality in pediatric severe sepsis, LO did correlate strongly with
PRISM-I11, the most robust measure of mortality risk in pediatrics. Therefore, early lactate
measurement may be important as an early biomarker of disease severity. These data support
should be validated in a larger, multicenter, prospective study.
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Introduction

Sepsis is a common and often deadly global healthcare problem, and despite advances in
vaccination, antibiotics, and intensive care practices, severe sepsis remains one of the
leading causes of morbidity and mortality in adult and pediatric patients worldwide. It
continues to impose a significant burden on the individual, the family, and the larger society,
requiring lengthy and costly hospitalizations and impacting overall quality of life(1-5).
While it has been shown that early recognition and intervention reduces the rate of sepsis
related mortality (6-9), the initial presentation of sepsis is often subtle, particularly in
children. Clinicians and researches alike are, therefore, still searching for a reliable
biomarker of early sepsis that can assist in distinguishing those with sepsis from those
entering a shock-like state.

In the adult literature, initial lactate is a strong predictor of mortality in septic patients (10—
13), trauma patients (14-16) and heterogeneous ICU populations (17,18), and as a result, it
has been incorporated into the International Surviving Sepsis Campaign’s care bundles (19).
Additionally, New York State law now requires evaluating for lactic acidemia in all septic
patients (Sepsis Regulations: Guidance document 405.4 (a) (4)). The association with
elevated lactate and mortality in pediatric patients is, however, more controversial, and
findings are inconsistent. While some studies have found no correlation between lactate and
in-hospital mortality in patients admitted to the pediatric intensive care unit (PICU) (20),
others found elevated lactate to be an early predictor of death in children with sepsis and
septic shock (21,22) Timing of lactate level studied, however, is variable and often drawn up
to 6 to 12 hours after onset of illness or initiation of resuscitation.

The aim of this study is to evaluate the association between early lactate (drawn within 3
hours of severe sepsis/shock onset) and relevant clinical outcomes in pediatric patients with
severe sepsis and septic shock using internationally accepted definitions. We hypothesize
that higher lactate levels checked within 3 hours of meeting severe sepsis criteria will be
associated with higher in-hospital mortality and longer PICU and hospitals stays.
Appreciating such an association with a readily available and efficient test will enhance our
ability to recognize, treat, and improve outcomes in these critically ill children.

Materials and Methods

Design, Setting and Patients

This was an a priori subgroup analysis of a larger, observational cohort of prospectively
identified patients admitted to a large, tertiary care PICU between August 2011 and July
2015. Patients were admitted either from our emergency department or transferred from
surrounding community hospitals. We included all patients between the ages of 0-18 years
who met criteria for severe sepsis or septic shock and had a lactate drawn within three hours
of meeting this criteria. Although our hospital has a protocolized sepsis assessment tool and
clinical practice guideline for management of severe sepsis and septic shock, lactate
measurement is not required and is measured at the discretion of the clinical team.
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We classified severe sepsis and septic shock based on a modified Goldstein criteria (23).
Sepsis was defined as the presence of two or more age specific systemic inflammatory
response syndrome (SIRS) criteria in the setting of a suspected infection. Severe sepsis was
defined as sepsis with either (1) cardiovascular organ dysfunction, (2) Acute Respiratory
Distress Syndrome, or (3) dysfunction in two or more organ systems as outlined by
Goldstein. Those with cardiovascular dysfunction requiring vasoactive medications were
deemed to have septic shock. The modification made to the Goldstein criteria was that
definitions could be met regardless of prior fluid resuscitation.

Children transferred from outside hospitals who met severe sepsis criteria before admission
to our PICU, and whose first lactate was from the referring hospital, were only included if
the normal lactate ranges from that hospital were similar to our laboratory’s normal values.

Measurements and Data Collection

TO was defined as the earliest time at which severe sepsis or septic shock could be
recognized in a patient. LO was defined as the first lactate drawn within 3 hours of meeting
TO. Lactates included were drawn from arterial, venous, or capillary blood samples and
measured in mmol/L. Additional information collected included age, gender, prior
comorbidity, PRISM-I1I score (a pediatric risk of mortality score), (24), day 1 PELOD
(score of organ dysfunction) (25), need for vasoactive drugs, and need for mechanical
ventilation.

Outcomes Measures and Statistical Analysis

Baseline characteristics of the subjects who did and did not have a lactate level within 3
hours of meeting severe sepsis criteria were compared using chi-square comparison for
categorical variables and Wilcoxon rank-sum test for non-normally distributed continuous
variables. The primary outcome was in-hospital mortality, with secondary outcomes being
ICU and hospital lengths of stay (LOS).

In unadjusted analyses, we compared LO in survivors and non-survivors and evaluated for
any correlation between L0 and both ICU and hospital LOS. For in-hospital mortality as the
outcome, associations with categorical variables and mortality were analyzed by chi-square
test. Non-normally distributed continuous data are reported as median and interquartile
range and were compared by Wilcoxon rank-sum test. For correlations between continuous
variables and ICU and hospital LOS, the spearman correlation test was utilized. Multivariate
logistic regression was performed to evaluate the association between L0 and the odds of
death with adjustments made for age, prior comorbidity, PRISM-I1I score, need for
vasoactive medication, and blood source (arterial vs. capillary vs. venous). For multivariate
analysis of the secondary outcomes, ICU and hospital LOS, these variables were log
transformed. The linear regression analysis was then adjusted for PRISM-I1I score, need for
vasoactive medication, and blood source (arterial vs. capillary vs. venous) to evaluate the
association between L0 and lengths of stay. A p-value of < 0.05 was accepted as being
statistically significant in all analyses. Analyses were performed using STATA statistical
software, version 13.1 (StataCorp, College Station, Texas).
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Analyses for Entire Cohort

Over the nearly three year period, 172 patients admitted to the PICU met criteria for severe
sepsis or septic shock. The in-hospital mortality of these 172 patients was 11% (n= 18).
Seventy-four (43%) of these patients had a lactate measured within 3 hours of meeting
severe sepsis criteria (LO), and were therefore included in the study. When comparing to
those without an early lactate measurement, those with LO had a significantly higher median
PRISM-I11 score (9, IQR 3-14 vs. 6, IQR 2-11, p=0.02) and higher mortality (16% vs 6%,
p=0.03). There were no differences in age, gender, prior comorbidity, need for vasoactive
medication, or mechanical ventilator use between those with and without an early lactate
check.

Analyses for those with Early Lactate Measurements

Table 1 displays the baseline characteristics of the 74 patients included in the study. The
median LO was 2.5mmol/L (IQR 1.5-4.4), with the highest L0 being 17.3mmol/L. Nineteen
(26%) of the lactate measurements were from an arterial source, 48 (65%) from a venous
source, and 6 (8%) from a capillary source. Median lactate measurements were significantly
different between the three sources: venous 2.9mmol/L (IQR 1.8-5.2), capillary 2.3mmol/L
(IQR 1.5-5.2), and arterial 1.6mmol/L (IQR 1.0-2.7), p = 0.03. There was no association
between L0 and age, day 1 PELOD, prior comorbidity, vasoactive use, or mechanical
ventilator use. There was, however, a significant, positive correlation between L0 and
PRISM-I11 score (rho 0.33, p<0.01, Figure 1). In unadjusted analysis, higher values of L0
were associated with higher PRISM-I11 scores, with an increase in mean PRISM-I11 score of
1.12 units for every Immol/L increase in L0 (95% CI 0.4 to 1.8, p = 0.003) with LO
accounting for 12% of the variability in PRISM-111 scores between patients.

Analyses for Primary Outcome: Mortality

Of the 74 patients with an L0, 12 (16%) died. Table 2 compares the characteristics of the
survivors vs. non-survivors. The median L0 in the non-survivors (3.6mmol/L, IQR 2.0-9.0)
was not significantly different from that in the survivors (2.3mmol/L, IQR 1.4-3.5), p=0.11.
Notably, those who died were younger, had higher median PRISM-I11 scores, higher median
day 1 PELOD scores, and required mechanical ventilation more often. There was no
difference in proportion who died based on whether they were transferred from another
hospital or admitted directly from our emergency department, nor did mortality differ by
whether they received some volume resuscitation and/or antibiotics before or after their first
lactate measurement. In multivariate logistic regression assessing for independent
association with L0, with adjustment for age, prior comorbidity, PRISM-I1I1, and need for
vasoactive medications, only PRISM-I11 remained statistically significantly associated with
in-hospital mortality, with the odds of in-hospital mortality increasing by 12% for every 1
point increase in PRISM-I11 score (aOR 1.12, 95% CI 1.0-1.26 p=0.05) (Table 3).
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Analyses for Secondary Clinical Outcomes

The median PICU LOS was 4 days (IQR 2-12). Neither L0, age, gender, PRISM-III, day 1
PELOD, nor vasoactive use were significantly associated with PICU LOS. The presence of
prior comorbidity and the need for invasive mechanical ventilation were the only variables
associated with a longer PICU LOS on both univariate and multivariate analyses. The
median hospital LOS was 10 days (IQR 5-22). Neither L0, age, gender, vasoactive need,
PRISM-I11 nor day 1 PELOD were significantly associated with hospital LOS. Similar to
ICU LOS, children who reported a prior comorbidity or required mechanical ventilation
during their illness had a longer hospital LOS.

Discussion

In this cohort of children prospectively diagnosed with severe sepsis or septic shock
presenting to the pediatric ICU of a large academic referral hospital we found that an early,
initial lactate level was not associated with higher in-hospital mortality, or longer ICU and
hospital stays. We did, however, find that early, initial lactate levels significantly correlate
with PRISM-I11, a well validated severity of illness score collected over the first 24 hours of
hospital admission and used for prognostic purposes. In fact an early elevated lactate
accounted for 12% of the variability in PRISM-I11 scores within the cohort, even though it is
not a variable used to calculate the score.

Over 75,000 children in the United States develop severe sepsis per year with mortality rates
of 10-20% (1-3), with worse outcomes reported in less developed countries. Failure to
recognize and treat shock has been identified as a cause of preventable morbidity in children
(6,7). Times of transfer from the emergency department to the pediatric ICU or between
hospitals are critical hours where invasive monitoring is unavailable and lapses in care may
occur, particularly if severity of illness is difficult to assess. Because rapid identification of
the children at highest risk is critical to improving care in pediatric sepsis, recent studies
have converged to highlight the need for objective measures with which to diagnose
pediatric sepsis and monitor progression of disease.

Because preventable morbidity and mortality from sepsis are frequently due to failure to
recognize and aggressively treat shock, a physiologic measure that reflects perfusion and
metabolic impairments may be valuable for the diagnosis and prognosis of sepsis. Lactate, a
by-product of glucose metabolism, is formed by the reduction of pyruvate during periods of
anaerobic metabolism (26). In states of decreased oxygen delivery or impaired oxygen
utilization, anaerobic metabolism leads to hyperlactatemia, making lactate levels a
potentially objective, inexpensive, and minimally invasive measure that clinicians may
utilize in real time to diagnose and assess states of shock.

While there is a plethora of adult literature presenting an association between increased early
lactate concentration and poor outcome in septic patients (10-13), lactate is not routinely
evaluated in pediatric patients. As a result, studies in children with sepsis evaluating the
association of elevated lactate levels and poor clinical outcomes are challenging and the
scant data available is inconclusive. Duke et al. evaluated the association of serial lactate
measurements in 31 pediatric patients admitted to an Australian PICU with the diagnosis of
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severe sepsis and septic shock (21). They found a positive association between mortality and
elevated lactate levels drawn at 12 and 24 hour after PICU admission, but no association
with earlier lactate levels, such as those collected upon admission to the PICU. Elevated
lactate levels correlated with a greater degree of organ dysfunction and worse survival much
sooner than other potential variables, including heart rate, mean arterial pressure, arterial pH
and base deficit; yet this association was only noted after 12 hours of ICU admission and not
when using lactate levels drawn at sepsis diagnosis. Kim et al. evaluated lactate levels upon
admission to the PICU of 65 children with septic shock and found that lactate was
significantly higher at PICU admission in the non-survivors compared to the survivors (22).
While these studies reveal that elevated lactate may be associated with worse clinical
outcomes, delay in measurement of lactate until arrival to the PICU or later allows for
confounding by a variety of therapeutic strategies including fluid resuscitation, mechanical
ventilation, and vasoactive medication use.

To our knowledge this is the first study to specifically evaluate the association of outcome
and early lactate levels drawn in relation to time zero in pediatric patients with severe sepsis
and septic shock. Patients were included only if a lactate level was collected within 3 hours
of meeting criteria. This three hour time interval was chosen for two reasons; firstly, because
it is the time frame recommended in the Surviving Sepsis Campaign (SSC) care bundle (19),
and secondly, to minimize the effects of resuscitation and other therapeutic strategies on
lactate values. We believe that this early lactate measurement and the resultant reduction of
influence by a variety of therapies strengthens our study to appropriately answer the
question of association of elevated lactate with in-hospital mortality in pediatric severe
sepsis and septic shock. Conducting this study at a large, urban, tertiary, referral hospital
provided a very generalizable patient population and further strengthens the quality of this
work.

Although our study did not find an association between initial lactate and clinical outcomes,
there was a significant association between initial lactate and PRISM-I11 score. This score is
well validated in pediatric critical illness with high PRISM-I11 scores being significantly
correlated with increased mortality risk. Calculating a PRISM-I1I score, however, is
expensive, time consuming, and cannot be calculated until 12 to 24 hours of admission,
rendering it ineffective for immediate clinical use and more valuable for research endeavors.
Additionally, PRISM-I11 has not been evaluated for its prognostic ability in disease specific
states, such as sepsis or septic shock. A lactate level checked as soon SIRS or sepsis are a
concern, in contrast, is rapid, inexpensive, and requires little skill. A statistically significant
correlation between lactate levels and these scores indicates the potential for lactate as a
prognostic variable measured in the first few hours of critical illness that may enhance
efficient and appropriate patient care. Further study of prognostication, prediction and
validation by both early and serially elevated lactate, as well as lactate guided clinical
management is needed.

Although our study offers new insight into the value of lactate as a potential prognostic
marker for pediatric severe sepsis, it does have some limitations. First, this analysis was an a
prioriidentified subanalysis of a larger, prospective pediatric severe sepsis/shock study. As
such, the “n” for this analysis was inherently predetermined for the larger study rather than
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this sub analysis. Nonetheless, our study remains one of the largest studies of lactate in a
prospectively identified cohort of pediatric severe sepsis/shock patients to date. Along
similar lines, given the relatively low mortality for pediatric sepsis, in general, studies
powered to detect differences in mortality require inherently large sample sizes, oft requiring
multi-center participation. Indeed, our study supports consideration for other primary
outcomes aside from mortality in this population, such as new and progressive multi-organ
dysfunction syndrome, long-term morbidity, or impact on quality of life. Additionally, our
study only evaluated the association of early elevated lactate and outcomes in patients
admitted to the PICU, excluding those admitted to other areas of the hospital. While this
focuses the study on patients of greatest concern, further studies are needed before
conclusions can be generalized to all patients diagnosed with shock while in the emergency
department.

Another limitation was the absence of a current protocolized approach to lactate
measurement in our institution. This meant that many patients who either did not have any
lactate collected or did not have one collected within 3 hours of meeting severe sepsis
criteria were excluded. While the decision to exclude these patients decreased our sample
size and may have led to directional bias, it minimized the affect of confounding variables
on outcomes and allowed for a more accurate analysis of the association of early elevated
lactate on outcomes. Finally, the significant difference between lactates drawn from arterial,
venous, and capillary blood sources proved to be another limitation. The decision to include
lactates drawn from all vessel sources was made a priori for several reasons. First the blood
source may represent a form of selection bias with the sicker patients more likely to have
arterial measurements. Secondly, SSC does not specify a particular vessel from which to
obtain a lactate in their guidelines, and this reflects current clinical practice. Furthermore,
previous research has shown that lactate levels drawn from all three blood sources closely
correlate (27,28). Notably, when evaluating those with arterial lactate levels, the correlation
between LO and PRISM-III remains significant (rho 0.7, p<0.01). Further multicenter
pediatric sepsis studies should consider simultaneous measurement across at least 2 different
sources.

Conclusion

Lactate, while not routinely checked in pediatric patients, may be an early biomarker of
disease severity in pediatric severe sepsis. As such, early measurement may provide
improved and efficient risk stratification and an opportunity for timelier targeting of specific
therapy. Our study did not find any association with early elevated lactate and in-hospital
mortality, a finding likely impeded by a small sample size. Taken together, however, these
data suggest that early lactate measurement should be included as a biomarker of severe
sepsis mortality risk in any forthcoming multi-center, pediatric severe sepsis studies, and
evaluated for its prognostic value in these large studies. If included in such biomarker
studies, a protocolized approach to measuring lactate levels is warranted.
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Figure 1. Scatter Plot of Lactate levels measured at time of severe sepsis or septic shock diagnosis
(LO) and PRISM-III Score

Initial lactate levels correlated with PRISM-I11 score, a severity of illness score well
validated for mortality prediction in pediatric critical illness, rho 0.33, p<0.01
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Table 1

Baseline characteristics of 74 patients with a lactate drawn within 3 hours of meeting severe sepsis or septic
shock criteria

Characteristic n=74
Age, median (IQR), year 6.1(1.7-3.9)
Male gender, n (%) 35 (47%)
Prior Comorbidity, n (%) 36 (49%)
Oncologic/Immunocompromised, n (%) 11 (14.9%)
Initial lactate, median (IQR), mmol/L 2.5(1.5-4.9)
PRISM-111 2 median (IQR) 9 (3-14)
Day 1 PELOD & median (IQR) 11 (10-20)
Vasoactive use, n (%) 38 (51%)
Mechanical ventilation, n (%) 36 (49%)
Shock, n (%) 3 (4%)
Mortality, n (%) 12 (16%)
PICU LOS 2, median (IQR), days 4(2-12)
Hospital LOS 2, median (IQR), days 10 (5-22)

Abbreviations: PRISM-II1 = pediatric risk of mortality score; PELOD = pediatric logistic organ dysfunction score; LOS = length of stay
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Comparison of characteristics between non-survivors and survivors

Non-Survivors Survivors

Characteristic (n=12) (n=62) p-value
Age, median (IQR), years 2.0(0.9-5.7) 7.3(1.9-14.7) 0.052
Male gender, n (%) 7 (58%) 28 (45%) 0.4b
Prior Comorbidity, n (%) 5 (42%) 31 (50%) 0.6%
Oncologic/Immunocompromised, n (%) 1 (8%) 10 (16%) 0.490
Initial lactate, median (IQR), mmol/L 3.6 (2.0-9.0) 2.3(1.4-3.5) 0.114
Vasoactive use, n (%) 9 (75%) 29 (47%) 0.070
Mechanical Ventilation, n (%) 10 (83%) 26 (42%) <0.010
PRISM-1I1, median (IQR) 19 (13.5-30.5) 8 (3-12) <0.0014
Day 1 PELOD, median (IQR) 215(11-265)  11(10-13) <001

H\Nilcoxon rank sum,

bChi-square or Fisher exact
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Multivariate logistic regression demonstrating the adjusted OR of in-hospital mortality

Adjusted OR

Variable (95% CI) p-value
Initial lactate, mmol/L@  1.06 (0.84-1.36) 0.6
PRISM-1114 1.12(1.00-1.26)  0.05
Vasoactive use 1.95(0.3-13.4) 0.5
Prior Comorbidity 0.94 (0.18-4.80) 0.9
Age, years? 0.87(0.94-1.03) 0.1
Lactate source 0.3

Arterial Ref.

Capillary 1.0

Venous 0.4 (0.07-2.3)

aThe adjusted OR noted represents the odds of mortality for any 1 unit increase in the variable of interest
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