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Abstract
Aim 
Increased lactate levels and impaired lactate clearance are associated with adverse 
outcomes in critically ill patients. After resuscitation for out of hospital cardiac arrest 
(OHCA), lactate levels commonly exceed 8 mmol/L. In patients with sepsis, a decrease 
of at least 10% per hour in blood lactate levels is associated with favourable outcome. 
Immediate changes in lactate concentrations after OHCA however have not been studied 
to date, and so it is unclear if this criterion applies to OHCA patients. The goal of our study 
was to measure the early dynamics of lactate levels directly after return of spontaneous 
circulation (ROSC). 

Methods 
We studied patients presented to the emergency department after OHCA and initial ROSC. 
Arterial lactate levels were determined with point-of-care blood gas analyzers. Patients 
with an initial lactate of > 8 mmol/L were included. Lactate values taken during the first 
two hours after ROSC were studied. Both absolute and relative lactate concentration 
decreases were determined. 

Results 
We studied 324 blood samples from patients with a mean age of 61 ± 12 years. The mean 
(± SD) initial lactate level was 12.1 (3.5) mmol/L and mean relative lactate decrease 
was 41 (19) %/h over the first 2 hours. Hospital survivors and non-survivors had lactate 
decreases of 46 and 37 %/h respectively (P = 0.01). 

Conclusions 
Lactate decrease in the first hours after ROSC is considerably higher than the 10 
%/h seen in patients with sepsis who respond favourably to treatment. Thus a lactate 
decrease of 10 %/h after an OHCA should not be considered sufficient.
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Introduction
Under physiological stress, such as a bout of intense exercise which generates large 
amounts of lactate, healthy patients are able to rapidly clear large amounts of lactate, 
so that elevations are only seen in extreme situations.1,2 In critically ill patients, elevated 
blood lactate concentrations are more common and are caused by a variety of factors 
involving increased production and diminished clearance. In these patients sustained 
blood lactate level elevations are strongly associated with adverse outcome.3 During the 
recovery phase from critical illness the restoration of normal lactate levels and the rate 
at which this occurs is also correlated with outcome.4,5,6,7 
In patients with sepsis presenting with a lactate level of > 4 mmol/L, a decrease in 
lactate levels of 10 %/h is associated with favourable outcome.8,9

 

In the setting of return 
of spontaneous circulation (ROSC) after a out-of-hospital cardiac arrest (OHCA) the same 
target for lactate decrease of 10 %/h per hour has been suggested as a prognostic factor 
and guide to the adequacy of therapy.8,10 As there has been limited research regarding 
early serial lactate levels in patients after OHCA, it is unclear how appropriate this target 
is. The goal of our study was to determine lactate dynamics in the first two hours following 
ROSC after an OHCA. 

Patients & Methods
Data from patients presenting to the emergency department (ED) after OHCA (2006-
2014), at the University Medical Center Groningen (UMCG), were analysed. Arterial blood 
samples were routinely collected at the ED, cardiac catheterization lab and intensive 
care unit (ICU) and immediately analyzed on a Radiometer 700/800 series system. 
Patients, who achieved ROSC, had an initial arterial lactate > 8 mmol/L and a minimum 
of two lactate measurements within the first two hours were included. Time 0 was taken 
as the first lactate measurement after ROSC. The absolute decrease in mmol/L/h and 
the relative lactate decrease as in %/h, related to the initial lactate level over the first two 
hours, were determined for each patient using regression analysis. Data from patients 
who displayed an initial rise in lactate after the first measurement were not utilized in 
the calculations of relative or absolute lactate decreases. This study complies with the 
Declaration of Helsinki; the local medical ethics committee approved the study (METC 
2011.374) and waived the requirement for consent from patients or relatives to use their 
data. Statistical analyses were performed with SPSS 22 for Windows (IBM, Chicago, IL, 
USA). 

Results
A total of 135 patients, 81% male and of mean age of 60, matched our inclusion criteria. 
In 103 (76%) patients the initial rhythm was ventricular fibrillation or tachycardia (VF/
VT). Fifty-nine patients (44%) survived to hospital discharge. Fourteen (10%) patients 
displayed a secondary rise in lactate after the first measurement after ROSC. Population 
characteristics are summarised in table 1. 
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Table 1. Characteristics & outcome of the included patients.
n = 135

Age (± SD) 60 (12)
Male (%) 109 (80%)
Cause of OHCA

pVT/VF 103 (76%)
No VF 32 (24%)

Hospital survival 59 (44%)
Initial lactate (± SD) mmol/L 12.4 (3.4)
Secondary rise in lactate 14 (10%)

OHCA = Out-of-Hospital Cardiac Arrest. pVT = pulseless Ventricular Tachycardia. VF = Ventricular Fibrillation. 

The mean (± SD) lactate level immediately after ROSC was 12.4 (3.4) mmol/L, the 
mean absolute lactate decrease was 5.0 mmol/L per hour and the mean relative lactate 
decrease was 40% per hour (table 2). As shown in figure 1 the early relative lactate 
decrease in survivors and non-survivors was considerably higher than the previously 
suggested prognostic value of 10 %/h (for sepsis and post-cardiac arrest patients), but 
was lower than the rate observed in athletes after heavy exertion.11 While there was 
no significant difference in the initial lactate level between survivors and non-survivors, 
there was a higher relative lactate decrease was associated with hospital survival (Table 
2). 

Table 2. Lactate & outcome.
Whole group        
n = 123

Survivors              
n = 55 

Non-survivors 
n= 68

P-value

Initial lactate       
(± SD) mmol/L 12.3 (3.5) 12.3 (3.2) 12.3 (3.7) 0.96

Absolute decrease 
(mmol/L/h) 5.1 (2.9) 5.5 (2.6) 4.7 (3.0) 0.14

Fractional 
decrease (% of 
initial lactate/h

40 (19) 46 (19) 37 (18) 0.01

Characteristics of patients with no secondary rise in lactate. The P-value refers to the comparison between 
survivors and non-survivors. The absolute and relative decreases were calculated over the first two hours 
after ROSC.
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Figure 1. Time course of recovery of lactate in different conditions. Time course of lactate after ROSC in 
patients studied, after a bout of intense exercise 10

 
and a 10% decrease per hour as considered desirable in 

sepsis 7,11
 
and in OHCA.8

Discussion
The lactate decrease early after OHCA was much higher than the 10 %/h goal advised for 
septic patients as well as the 10 %/h that has been advised for an OHCA.8-10 Furthermore 
although a significant difference in relative lactate decrease (P = 0.01) between survivors 
and non-survivors was found, the relative lactate decrease in most non-survivors was 
still much higher than 10 %/h (supplemental material figure 2G) This indicates that if 
lactate is used to guide therapy in the setting of cardiac arrest, a higher target for lactate 
decrease is required. 
After OHCA the body has sustained a large oxygen deficit with an accompanying 
accumulation of lactate resulting from anaerobic metabolism. In contrast during sepsis 
lactate production is often not the result of generalized hypoxia but rather of increased 
adrenergic stress.1

 
Restoration of appropriate circulation enables many tissues to clear 

lactate by conversion back to glucose or direct metabolism. After maximal exertion athletes 
can consume lactate at extremely high rates. It seems reasonable to assume that the 
post-exertional decrease of lactate in athletes reflects the upper range of physiological 
lactate consumption.12 Lactate dynamics after OHCA with ROSC also have similarities 
with the lactate recovery levels observed after a grand mal seizure. In such patients 
lactate can rapidly increase to very high levels due to generalized muscular contractions. 
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After cessation of seizures, lactate decrease can reach 50 %/h. This demonstrates the 
rapidity by which lactate can be cleared after a very energy-demanding period such as 
a seizure in patients with otherwise intact hemodynamics.13 As indicated in figure 1 the 
time course of lactate decrease in the setting of OHCA is intermediate between that of 
athletes recovering from severe exertion and the goal for septic patients. 

We found a significant difference in relative but not in absolute lactate decrease between 
survivors and non-survivors of OHCA. As expected survivors had higher decrease rates 
than non-survivors. Importantly, there was no difference between the initial lactate 
levels of both groups corroborating results reported elsewhere.4,5 The early changes in 
lactate levels after CPR have to our knowledge not been documented before. A recent 
prospective trial that successfully applied ‘lactate-decrease’ as a central goal in patients 
with sepsis suggested that 10 %/h in these patients population was a realistic target.9 

This study clearly shows that directly after ROSC lactate levels can decrease much faster 
than the goal of 10 %/h suggested by Ward et al. 10 for patients recovering from OHCA 
and for management of patients with sepsis in the LACTATE trial.9 

Whereas we have focussed on early lactate clearance, Kliegel et al. previously investigated 
serial lactate measurements between 4 and 48 hours after admission as a predictor 
of outcome in successfully resuscitated patients after cardiac arrest.4 They found that 
during this period lactate clearance differed significantly between survivors and non-
survivors.4 In this context, it is also not surprising that a 12-hour lactate decrease of 
< 10% was associated with an increased in-ICU mortality in patients with cardiogenic 
shock following ST-elevation myocardial infarction (STEMI). This latter study also did not 
evaluate lactate levels within the first 2 hours after the incident.5 

Clinicians consider achieving ROSC early after resuscitation and subsequent 
hemodynamic stability as key therapeutic goals. Prediction of neurological outcomes is 
not realistic at the early stage. However indicators that can help to identify patients at 
high risk for complications are useful. Indicators such as cardiac output, blood pressure 
and urine output may serve as surrogate variables of the adequacy of systemic perfusion. 
Although these variables may return to normal, lactate levels may remain elevated, and 
thus possibly point to ongoing circulatory and metabolic derangements.14 In fact, the time 
needed for lactate normalization has been shown to be a useful prognostic variable.15 

Indeed, current clinical practice should consider lactate decrease as an important 
measurement when assessing the effectiveness of therapy. Our study indicates a mean 
relative lactate decrease after ROSC of 40.1 %/h in the overall group and 46 %/h in the 
survivors. We therefore consider that the current recommended 10 %/h decrease rate 
should be revised upward to at least 40 %/h. 

Conventional theories regarded lactate as a consequence of anaerobic respiration caused 
by cellular hypoxia. It is now known however, that this glycolytic product is extensively 
produced and used under aerobic conditions in a diverse range of cells in the context 
of cell-cell and intracellular shuttles.3,16 During exercise or stress responses, lactate 
has been proven to be a primary fuel for especially the heart 17 and working skeletal 
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muscles.18 In this context lactate can be the preferred substrate over glucose.19,20 In our 
patients a comparison of the recovery curves of glucose and lactate over the first 6 hours 
(supplementary material) suggest that after ROSC the lactate excess is cleared sooner 
than the glucose excess. 

Our study has several limitations. The number of lactate measurements within 2 hours 
varied, with some patients having only two measurements. Determining the early time 
course with linear regression may be considered less appropriate for a time course that 
is known to be non-linear. However, as pointed out earlier, our focus was to determine the 
early changes in lactate levels on the basis of real patient data acquired in an emergency 
context. Another related issue is that the interval between lactate measurements differed 
between patients. 

In conclusion the lactate decrease after successful cardiopulmonary resuscitation after 
OHCA is much higher than the 10% per hour that is considered desirable in sepsis and 
that has been proposed for OHCA patients. We believe that during the initial two hours a 
rate of 40 %/h may be considered appropriate as a prognostic marker and guide to the 
adequacy of therapy after ROSC after OHCA. 
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Supplemental material

Supplemental figures A. pH in time. B. glucose in time C. Potassium in time. D. Lactate in time. E. PaCO2 in 
time. F. pH versus PaCO2.
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