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Lactate Non-Clearance versus Lactate Clearance:
A Comparison of Hospital Mortality
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Objective: The optimal endpoints of resuscitation in high-risk surgical patients remain controversial. Specifically, it is difficult
to establish the effective predictive markers as the endpoints of resuscitation in this patient group. Therefore, the study was
conducted to assess the predictive value of early lactate non-clearance condition on hospital mortality in high-risk surgical
patients.
Material and Method: The study is a prospective analytic study. The data were collected in one university-based surgical
intensive care unit (SICU) over a 5-month period. All consecutive adult high-risk surgical patients admitted to SICU in
postoperative period were recruited to the study. Blood lactate levels were measured on SICU admission (0-hour), 12 hours
later, and then calculated for 12-hour blood lactate clearance. The authors categorized the patients into two groups: lactate
clearance (LC) and lactate non-clearance (LNC). After that, the patients were monitored until hospital discharge or in-
hospital death.
Results: There were 122 high-risk surgical patients recruited to the study. As concerns the factors of interest, higher
incidences of suspected or confirmed infection and mechanical ventilation were found among the LNC group. Regarding the
main outcomes, hospital mortality was 5.3% among the LNC group and 3.9% among the LC group (p = 0.578), with no
statistical significant differences in hospital mortality, hospital length of stay and SICU length of stay. The independent risk
factors associated with LNC condition were considered. The factor of interest was suspected or confirmed infection by
multiple logistic regression analysis after adjustment for age and sex revealed that the adjusted odds ratio was 2.70 with a
95% confidence interval of 0.85-8.55, p = 0.092.
Conclusion: In high-risk surgical patients, 12-hour LNC cannot demonstrate the prognostic value for hospital morbidity
and mortality. However, there is a trend for the suspected or confirmed infection group to associate with the LNC condition,
but with no statistical significance.
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Resuscitation guided by the use of hemo-
dynamic protocol aiming for adequate tissue perfusion
in high-risk surgical patients has been proven to
decrease postoperative morbidity and mortality(1);
however, the optimal endpoints of resuscitation remain
controversial.

In using ideal markers to ensure adequacy of

resuscitation, these should be reliable in assessing the
resolution of tissue ischemia and predicting patient
outcomes. In addition, important information such as
blood lactate level should be provided and added into
time sequence to reevaluate the efficacy of early
resuscitation and prevent prolonged organ ischemia(2,3).
In the past, it was established procedure to normalize
the vital signs, especially blood pressure and heart
rate, as the endpoints of resuscitation although these
endpoints did not prove to be effective markers for
adequate tissue perfusion(4). Beyond that, there have
been so many efforts to search for surrogates that could
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possibly aid in adequate resuscitation. Some studies
represented blood lactate levels as reliable prognostic
markers in severe sepsis or septic shock; whenever
the oxygen supply was insufficient to normalize tissue
oxygenation then blood lactate levels would rise(5,6).

Following glycolysis and an aerobic
metabolism, lactate is produced as a byproduct(7). To
change pyruvate to lactate, it has to be catalyzed by
lactate dehydrogenase. In some unusual situations,
the lactate level could rise in non-hypoxic conditions
such as pyruvate dehydrogenase deficiency and stress-
induced hyperglycolysis. While hyperlactatemia is
behind the increasing risk of death among critically ill
patients(8-12), it still cannot help in identifying a specific
prognosis for individual patients(13). Nevertheless, in
the early phase of resuscitation, the capability of lactate
clearance represents a strong predictor of decreasing
morbidity and mortality in severe sepsis or septic shock
patients(14-16) and critically ill patients(17,18).

There were some retrospective studies
reported that within the early phase of surgical intensive
care unit (SICU) admission, normalization of blood
lactate level in this period is associated with decreasing
mortality(19,20). Still, there is a need for establishing
effective and practical predictive markers for high-risk
surgical patients; thus, this study was undertaken to
assess the predictive value of early lactate non-
clearance on hospital mortality among this patient
group.

Material and Method
This study was designed as a prospective

analytical study. The data were collected in one
university-based SICU over a 5-month period from June
2014 to October 2014.

Patient population
All consecutive postoperative surgical

patients over 18 years of age admitted to a single-center
SICU were recruited to the study. For this study, these
patients had to be defined as high-risk surgical patients
according to the presence of a minimum of one criterion
by Shoemaker et al(21). These were also the indications
for SICU admission in the study.

The exclusion criteria comprised hepatic
encephalopathy, traumatic brain injury, epileptic
seizures immediately before SICU admission, and post-
cardiac arrest patients.

Sample size calculation
The sample size estimation based on the data

from a similar previous study(16) that revealed a 45%
mortality in 12-hour lactate non-clearance and a 20%
mortality in 12-hour lactate clearance. Prior studies and
the authors’ database have shown the approximate ratio
of 12-hour LC to LNC to be 2:1. The authors set up the
alpha error = 0.05 and beta error = 0.20. Finally, the total
sample size was around 120 subjects.

Research protocol and data collection
The authors initially confirmed the eligibility

of the patients admitted to SICU immediately after
the operation. Informed consent was obtained by the
research team members. After the patients had entered
into the study, their baseline characteristics and possible
risk factors were recorded. Blood lactate levels were
measured on SICU admission (0-hour) and 12 hours
later by a drop of arterial or capillary blood and
determined by a portable lactate analyzer (Accutrend
Plus (Roche Diagnostics, Germany)). Thereafter, the
12-hour blood lactate clearance was calculated as
the lactate level on SICU admission minus the lactate
level at 12 hours divided by the lactate level on SICU
admission and presented in percentage. After that, the
authors categorized the participants into two
conditions: 1) Lactate clearance (LC), a condition
whereby the lactate level decreased within the first 12
hours and was greater than or equal to 10%; or both
0-hour and 12-hour lactate levels were less than 2 mmol/
L; 2) Lactate non-clearance (LNC), a condition whereby
the lactate level decreased within the first 12-hour less
than 10%.

It was planned that during the first 6 hours of
SICU admission, the patients achieve the resuscitation
goals according to the Surviving Sepsis Campaign
Guidelines 2012(22) as appropriate. The Sequential Organ
Failure Assessment (SOFA) scores(23) of all patients in
the study were recorded daily until SICU discharge.
The authors followed-up on the patients until hospital
discharge or in-hospital death. Finally, comparison of
hospital mortality between LNC group and LC group
was performed.

Ethics committee approval
All participants must have completed the

standard informed consent document before entering
into the study. If the patients could not give informed
consent because of limited physical or mental capacity,
then proxy consent was obtained from a relative or
legal representative. The research proposal and all
documents were approved by the ethical committee of
the Faculty of Medicine, Chulalongkorn University.
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Statistical analysis
The authors analyzed the data in IBM SPSS

Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp. Categorical data was reported in percentages.
Continuous data were reported as mean and standard
deviation (SD) or median and interquartile range (IQR)
as appropriate. To analyze the differences between the
groups, the authors used an unpaired t-test or Mann-
Whitney U test as appropriate for all continuous data
and used the Chi-square test or Fisher’s exact test as
appropriate for all categorical data. To demonstrate any
relationships between risk factors and outcomes, the
authors initially analyzed the variables comparing
between groups, and selected those factors of interest
with p values of less than 0.20 from bivariate analysis
to be entered into the multiple logistic regression
analysis model. All statistically significant differences
were defined as having a p-value of less than 0.05.

Results
There were 122 consecutive patients admitted

to SICU. They were eligible for the study and were
recruited for the trial. According to baseline
characteristics (Table 1), the authors classified the
patients into LNC group and LC group. Regarding to
age, sex, indication for SICU admission, and factors of
interest, the comparison between LNC and LC did
not show any statistical significant difference, except
at the 12-hour lactate level.

The study evaluated several clinical
outcomes, especially the primary outcome comparing
hospital mortality between the LNC and LC groups
with hospital mortality at 5.3% among the LNC group
versus 3.9% among the LC group (p-value = 0.578).
There was no significant statistical difference in hospital
mortality, hospital length of stay and SICU length of
stay. The authors also classified the patients according
to hospital mortality (Table 2): 5 patients died in hospital
while 117 patients survived. Only two variables showed
significant differences between the non-survivor and
survivor groups. While there was no significant
difference in the admission SOFA scores, the study
found significant differences in the mean SOFA scores
(median (IQR); 5.8 (4.3-7.8) in the non-survivor group
versus 2 (1-3.3) in the survivor group, p = 0.016) and
maximum SOFA scores (median (IQR); 8 (5-9) in the
non-survivor group versus 3 (1-5) in the survivor
group, p = 0.034).

The independent risk factors associated with
LNC condition were considered (Table 3). The relevant
factor was suspected or confirmed infection; the crude

odds ratio (OR) by bivariate analysis was 2.42; 95%
confidence interval (CI) 0.80-7.32, p = 0.117. Further
analysis by multiple logistic regression after adjustment
for age and sex also revealed that the adjusted OR was
2.70; 95% CI 0.85-8.55, p = 0.092.

Discussion
Surgical patients with limited cardiopul-

monary reserve or who have life-threatening conditions
are categorized as high-risk surgical patients. In the
post-operative period, these patients are usually
admitted to SICU for optimum care, but occasionally
have cardiovascular instability including occult tissue
hypoperfusion. This problem can lead to organ
ischemia and finally increasing morbidity and mortality;
hence, there is a need for early detection and early
adequate resuscitation. Standard hemodynamic
monitoring aims to normalize macrocirculation that could
not be the optimum end point of resuscitation(4). Trying
to detect tissue hypoperfusion in the early phase is
now the cornerstone of hemodynamic monitoring. With
the character of practicability and cost-effectiveness,
blood lactate level as a surrogate for tissue
hypoperfusion has been selected as one of the
endpoints of resuscitation(8-10). Further information has
suggested that sequential blood lactate assessment
strongly relates to the predictive value for morbidity
and mortality(3,11,12,14-16).

The study cannot demonstrate any
differences in the main outcomes between the LNC
and LC groups. The results might be related to the
inclusion criteria for the study. Some patients were
admitted to SICU only for the need of optimum
post-operative monitoring with a minimum risk of
complications or without any obvious major organ
dysfunction. The admission, maximum and mean
SOFA scores were in the range of 2-3 for the median,
which indicated the low severity of illness and
ultimately to the low hospital mortality rate (5 in 122
patients; 4.1%). That is to say, the problem of not being
able to predict an adequate prognosis for the LNC
condition in high-risk surgical patients in this study
might be related to the non-rigid inclusion criteria for
high-risk surgical patients. Furthermore, the authors
calculated the sample size by using the data from
previous study that demonstrated hospital mortality in
LNC 45% and LC 20%. However, hospital mortality in
the study was too low (5.3% in LNC and 3.9% in LC) in
comparison with the reference. Therefore, the authors
might have underestimated the optimum sample size.

Apart from the inclusion criteria, another factor
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Variable     LNC       LC p-value
  (n = 19)  (n = 103)

Age, year, mean (SD) 71.7 (11.8) 64.3 (17.3)   0.078
Sex, male, n (%)   8 (42.1) 64 (62.1)   0.103
Indication for SICU admission, n (%)

Previous severe cardiorespiratory illness   1 (5.3) 12 (11.7)   0.689
Extensive surgery for carcinoma   8 (42.1) 41 (39.8)   0.851
Severe multiple trauma   0 (0.0)   2 (1.9)   1.000
Massive acute blood loss   0 (0.0)   8 (7.8)   0.355
Age >70 yrs. and limited physiological reserve of  at least 1 vital organ   6 (31.6) 21 (20.4)   0.365
Shock; MAP <60 mmHg, CVP <15 cmH

2
O, and urine output <20 mL/h   1 (5.3)   3 (2.9)   0.497

Acute abdominal event with hemodynamic instability   1 (5.3) 14 (13.6)   0.462
Late-stage vascular disease involving aortic disease   2 (10.5)   6 (5.8)   0.609

Underlying disease
Hypertension 13 (68.4) 54 (52.4)   0.198
Underlying CAD   1 (5.3)   6 (5.8)   1.000
Underlying CHF   0 (0.0)   2 (1.9)   1.000
Underlying previous stroke   0 (0.0)   6 (5.8)   0.589
Other cardiovascular disease   3 (15.8) 19 (18.4)   1.000
D M   5 (26.3) 24 (23.3)   0.774
Asthma   1 (5.3)   2 (1.9)   0.401
COPD   1 (5.3)   1 (1.0)   0.288
Other respiratory disease   0 (0.0)   7 (6.8)   0.594
Cirrhosis   2 (10.5)   8 (7.8)   0.654
CKD   2 (10.5) 15 (14.6)   1.000

Admission SOFA score, median (IQR)   3 (2-4)   2 (1-4)   0.312
Maximum SOFA score, median (IQR)   3 (2-5)   3 (1-5)   0.469
Mean SOFA score, median (IQR)   2.5 (0.7-5.0)   2.0 (1.0-3.3)   0.352
Emergency surgery, n (%)   2 (10.5) 15 (14.6)   1.000
Suspected or confirmed infection, n (%)   6 (31.6) 16 (16.0)   0.118
Current use of vasopressor, n (%)   3 (16.7) 22 (21.6)   0.762
Mechanical ventilation, n (%) 10 (52.6) 48 (46.6)   0.629
0-hour lactate level, mmol/L, median (IQR)   1.7 (1.1-2.3)   2.2 (1.2-3.6)   0.090
12-hour lactate level, mmol/L, median (IQR)   2.8 (2.1-3.6)   0.9 (0.8-1.6) <0.001
SICU length of stay, day, median (IQR)   1 (1-3)   1 (1-3)   0.962
Hospital length of stay, day, median (IQR) 27 (15-40) 22 (11-43)   0.701
Hospital mortality, n (%)   1 (5.3)   4 (3.9)   0.578

LNC = lactate non-clearance; LC = lactate clearance; SD = standard deviation, SICU = surgical intensive care unit, MAP =
mean arterial blood pressure; CVP = central venous pressure; SOFA = Sequential Organ Failure Assessment; IQR =
interquartile range; CAD = coronary artery disease; CHF = congestive heart failure; DM = diabetes mellitus; COPD =
chronic obstructive pulmonary disease; CKD = chronic kidney disease

Table 1. Baseline characteristics and outcomes

which should be reconsidered is lactate clearance time.
Nguyen et al(14) demonstrated early lactate clearance
in the first 6 hours of severe sepsis and septic shock
among patients was associated with decreased
mortality rate. After that, Nguyen et al(16) conducted a
prospective cohort study in eight tertiary-care medical
centers in Asia by adding 12-hour lactate clearance to
the Surviving Sepsis Campaign (SSC) guidelines, and

the addition of the 12-hour lactate to SSC bundle was
proven as being associated with improved mortality.
Meregalli et al(11) investigated serial blood lactate in
44 high-risk surgical patients at ICU admission at
12, 24, and 48 hours. Although the results showed
similar blood lactate levels on ICU admission between
survivors with non-survivors and slightly higher blood
lactate levels at 24 and 48 hours in non-survivors, there
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Variable Non-survivors Survivors p-value
(n = 5) (n = 117)

Admission SOFA, median (IQR) 4 (3-6)   2 (1-4) 0.142
Maximal SOFA, median (IQR) 8 (5-9)   3 (1-5) 0.034
Mean SOFA, median (IQR) 5.8 (4.3-7.8)   2 (1-3.3) 0.016
Emergency surgery, n (%) 2 (40.0) 15 (12.8) 0.142
Suspected or confirmed infection, n (%) 1 (20.0) 21 (18.4) 1.000
Current use of vasopressor, n (%) 3 (60.0) 22 (19.1) 0.060
Mechanical ventilation, n (%) 4 (80.0) 54 (46.2) 0.190
0-hour lactate 3 (2.6-9.9)   2 (1.1-3.4) 0.091
12-hour lactate 2.5 (1.3-4.4)   1.1 (0.8-2.0) 0.098

Table 2. Comparisons between non-survivors and survivors

SOFA = Sequential Organ Failure Assessment, IQR = interquartile range

Variable Crude 95% CI p-value Adjusted 95% CI p-value
OR OR

Non suspected infection reference reference
Suspected infection 2.42 0.80-7.32 0.117 2.70 0.85-8.55 0.092

Adjusted for age and sex
OR = odds ratio; CI = confidence interval

Table 3. Multiple logistic regression analysis to determine the risk factors associated with the lactate non-clearance condition

was no statistical significance. Statistically significant
higher levels of 12-hour blood lactate were found in
non-survivors compared to survivors. In this study,
the authors could not demonstrate the predictive value
of 12-hour LNC for hospital mortality in high-risk surgical
patients. However, high-risk surgical patients still
require optimum postoperative care. In the future,
further study might be modified with more rigid
inclusion criteria for the high-risk surgical patients and
with other time points to evaluate lactate clearance such
as the 6-hour point according to the SSC guidelines(22).

The authors also analyzed the differences
between survivors and non-survivors, and the results
demonstrated statistically significant higher maximum
SOFA and mean SOFA scores in the non-survivor
group. Finally, the authors attempted to analyze by
using a multiple logistic regression model to
demonstrate the independent risk factors associated
with hospital mortality and the LNC condition. First, as
concerns hospital mortality, because of the low
mortality in the study (5 in 122 patients; 4.1%), the
authors could not analyze the independent risk factors
associated with hospital mortality. Second, because
blood lactate level is the essential marker for defining

septic shock patients(24) and the SSC guidelines(22)

suggested that the blood lactate level should be
normalized within the first 6 hours, the authors wished
to search for independent risk factors associated with
the LNC condition too. After being adjusted for age
and sex, the authors found that suspected or confirmed
infection was associated with the LNC condition, but
with no statistical significance (adjusted OR 2.70; 95%
CI 0.85-8.55, p = 0.092). However, this outcome correlates
to previous studies demonstrating the prognostic value
of the LNC condition in patients with severe sepsis
and septic shock(3,11,12,14-16) and might suggest that
intensivists should pay greater attention to high-risk
surgical patients with suspected or confirmed infection
in the early phase of SICU admission.

Conclusion
In high-risk surgical patients, 12-hour LNC

cannot demonstrate prognostic value for hospital
morbidity and mortality. However, the suspected or
confirmed infection group was associated with the LNC
condition but with no statistical significance. Further
study into the predictive value of lactate-guided
resuscitation with more rigid criteria for high-risk
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surgical patients is still needed.

What is already known on this topic?
Resuscitation which has been guided by the

use of hemodynamic protocol for the high-risk surgical
patients can be proved to decrease postoperative
morbidity and mortality. However, the optimal endpoints
of resuscitation remain controversial. There had some
retrospective studies reported that within the early
phase of surgical intensive care unit (SICU) admission,
normalization of blood lactate level in this period
associated with decreasing mortality. Still, there is a
need for establish the effective and practical predictive
markers for adequate resuscitation in high-risk surgical
patients.

What this study adds?
Lactate non-clearance in 12 hours cannot

demonstrate the prognostic value for hospital morbidity
and mortality in high-risk surgical patients. The
suspected or confirmed infection group tends to
associate with lactate non-clearance condition but no
statistical significant.
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