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INTRODUCTION

Lactate is a common cause of anion gap metabolic acidosis, and increases
In lactate are associated with increased anion gap and decreased serum

bicarbonate



OBJECTIVE

The purpose of this study is to test whether serum bicarbonate or anion gap can be
used to predict elevated lactate or mortality in emergency department (ED) patients

with sepsis, and define thresholds that may predict elevated lactate and mortality.



METHODS:

Retrospective diagnostic-validation study of adults with sepsis, severe
sepsis, or septic shock treated in a Midwestern university ED between January 1,

2010 and December 31, 2015.

Serum lactate, bicarbonate, and anion gap were measured at the time of admission



Three outcomes were defined for this study to correspond with the outcome being
predicted:

lactate >4 mmol /L (LACTA4)

lactate >2 mmol /L (LACT2)

in-hospital mortality (MORT)



RESULTS

There were 4,159 ED visits that met the definition of sepsis and had the necessary

laboratory components

The prevalence of LACT2 was 36% and LACT4 was 9%.



Figure 2. ROC Curve analysis of elevated lactate and mortalityv b
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With an outcome of LACT?2, the area under the curve was 0.609 [95% CI. 0.587-0.631] for serum bicarbonate and 0.680

[95%CI: 0.659-0.701] for anion gap
Anion gap predicted lactate>2 better than bicarbonate

anion gap predicted lactate>4 better than lactate>2



With increasing serum bicarbonate levels (toward normal), the corresponding sensitivity measures rose while

specificity measures declined
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Anion gap predicted LACT4 with greater discrimination than LACT?2;
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In predicting mortality, the area under the curve was
0.656 [95%CI: 0.614-0.698] for serum bicarbonate,
0.615 [95%CI: 0.569-0.661] for anion gap,
and 0717 [95%CI: 0.677-0.756] for lactate



the anion gap cut point (=20 mEq/L) more effectively predicted LACT4
than LACT2 (e.g. sensitivity of 45.9% vs. 19.4%, respectively).
Although anion gap was inferior to LACT4, it performed similarly to LACT2 in

predicting mortality.



Table 2. Validation set performance characteristics for predicting elevated lactate and mortality

Outcome |  Lactate [>2 mmol/L] Lactate [4 mmal/L] Mortality

Threshold | Anion Gap [z20 mEq/L] | Anion Gap [220mEg/L] | Lactate [>2 mmol/L]  Lactate [s4mmol/L]  Anion Gap [z20 mEg/L]

Measure’ Value [95% C1) Value [95% CI] Value [95% C1) Value [95% CI) Value [95% CI]
sans 0.194 [0.160-0.231] 0.459 [0.373-0547] | 0.703 [0.609-0.786] 0378 [0.288-0.475]  0.252 [0.175-0.344]
Spec 0.947 [0.930-0.961] 0.935[0.919-0948] | 0.665[0.633-0.691] 0526[0911-0940]  0.909 [0.893-0.925]
PPV 0.678 [0.595-0.754] 0.434[0.351-0519] | 0.156[0.125-0.191] 0311[0.234-0396]  0.196 [0.134-0.270]
NPY 0.672 [0.645-0.693] 0.941 [0.926-0.953] ' 0.944 [0.930-0.956] 10.917-0.945]
LR+ 3,670 [2.630-5.122] 7.019 [5.310-9.275] 5.135 [3.772-6.990] 922-3.986]
LB- 0.851 [0.513-0.891] 0.579 [0.495-0.676) 0,671 [0.580-0.777] 737-0.918]

 Sens. = Sensitivity, Spec. = Specificity; PPV = Positive Predictive Value; NPV = Negative Predictive Value; LR+ = Positive Likelihood Ratio; LR- =
Negative Likelihood Ratio

Anion gap predicted mortality similar to lactate>2 [LR+ 2.768 vs. LR+ 2.09; LR- 0.823 vs. 0.447]



Figure 3. Positive and negative predictive values for anion gap in predicted elevated lactate (=2
mmolT1), given vanious prevalence (pre-test probability) of elevated lactate in the target

population
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DISCUSSION

Our results indicate that neither serum bicarbonate nor anion gap are adequate
Substitutes for directly measuring lactate.

Lactate can be elevated in the absence of elevation of the anion gap, and there are
many other reasons for the anion gap to be elevated in the absence of
hyperlactatemia.

A prior papers simply report concordance between biomarkers without reporting
associations with clinical outcomes.

In this report, it has been reported that this relationship is poor, yet it has been shown

that anion gap predicts mortality



lactate should continue to be measured directly where laboratory capability exists or
can be implemented

Patients diagnosed with infection who also have an elevated anion gap should be
treated aggressively, because most of these patients actually have severe sepsis with

an increased risk of death



If serum anion gap is used, however, the utility of this test is a function of pre-test
probability. In this population, patients who had an anion gap =20 mmol/L had «
probability of bLACT2 of 68%, whereas an anion gap less than this threshold is
associated with an elevated lactate of 32%.

As the prevalence changes, the post-test probability changes as well. This fact makes
the accurate assessment of pre-test risk assessment important,

and several tools have been studied to aid in this risk stratification.



A patient with an elevated anion gap (like the patients in our study) is twice as likely

to have an elevated lactate and has mortality three times higher



LIMITATIONS

A single-center study based on retrospective records
They have not adjusted the anion gap for other factors that could increase or
decrease the “baseline” anion gap other than lactate (e.g., albumin,

ethanol).



CONCLUSIONS

Anion gap and serum bicarbonate poorly predict changes in lactate, but they do
predict patients with infection who have increased mortality. In resource-limited
settings where lactate is not immediately available, anion gap may be useful to

further risk stratify patients for ongoing sepsis care.



