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Liver cirrhosis affects serum lactate level
measurement while assessing disease severity in

patients with sepsis

Chi-Yung Cheng?P, Chia-Te Kung?, Kuan-Han Wu?, Fu-Cheng Chen?, Hsien-Hung Cheng?,

Fu-Jen Cheng?, Jyun-Bin Huang? and Chih-Min Su#©

January 2007-December 2013.

Results Using one-to-two propensity score matching analysis, 1053 and 2106 septic patients with and without underlying
liver cirrhosis, respectively, were successfully matched. Lactate levels of survivors and nonsurvivors were 2.58 and
5.98mmol/L, respectively, in patients without liver cirrhosis (WLC), 2.96 and 7.29 mmol/L, respectively, in patients with
nondecompensated liver cirrhosis (NDLC), and 4.08 and 7.16 mmol/L, respectively, in patients with decompensated liver
cirrhosis (DLC). In receiver operating characteristic curve analysis, the sensitivity and specificity for predicting mortality

were 0.81 and 0.55, respectively, in the WLC group, 0.85 and 0.45, respectively, in the NDLC group, and 0.86 and 0.33,
respectively, in the DLC group, using serum lactate levels >2.0 mmol/L.

Conclusions The serum lactate level can be used to predict the severity of sepsis in patients with liver cirrhosis; however, its
specificity would be lower at a cutoff of 2.0mmol/L. Eur J Gastroenterol Hepatol 33: 1201-1208

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

Background Elevated serum lactate is associated with higher mortality in sepsis, whereas liver dysfunction is associated
with higher serum lactate levels. We assessed the predictive ability of serum lactate in patients with liver cirrhosis and sepsis.
Methods This retrospective study included 12281 cases of suspected infection with initial serum blood lactate drawn during

Introduction

Sepsis is a life-threatening organ dysfunction affecting
more than 30 million people worldwide annually, with up
to 5.3 million deaths [1]. The blood serum lactate level has
been recognized as an independent prognostic marker of
mortality in patients admitted to the emergency depart-
ment (ED) with sepsis [2,3]. As a predictor of mortality for
patients with sepsis, the blood serum lactate level has sim-
ilar accuracy to the Sequential Organ Failure Assessment
(SOFA) score and a superior discriminative power to the
quick SOFA (qSOFA) score [4]. An elevated lactate level
is considered to be due to oxidative stress and anaerobic
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glycolysis in tissues [5] or metabolic changes through epi-
nephrine-related sarcolemmal Na+/K+-ATPase stimula-
tion [6]. The Surviving Sepsis Campaign and the National
Quality Forum suggested using lactate measurement as
guidance for the treatment septic patients [7].

Lactate is mainly metabolized by the liver (around
60%) and kidney (around 30%) [6], and the rate of lac-
tate clearance in the normal liver exceeds the rate of lac-
tate production of other tissues [8]. Episodes of hepatic
decompensation, such as hemorrhage or sepsis, might dis-
turb the equilibrium of the metabolic acid-base state in
cirrhotic patients [9]. Previous studies have implied that
critically ill patients with cirrhosis have higher lactate
levels, and early hepatic dysfunction has been related to
elevated serum lactate in acute circulatory failure [10].
Patients with acute liver failure have a splanchnic release
of lactate due to accelerated glycolysis in the splanchnic
region [11]. Patients with chronic liver disease also have
higher fasting lactate levels, owing to the alteration of
excretory liver function and portal pressure. Moreover,
higher circulating lactate levels are observed in Child
class C patients compared to the other Child classes, sug-
gesting that the lactate level increases with the degree of
cirrhosis [12].

Although previous studies have demonstrated that liver
disease is associated with lactate elevation, the impact of
liver cirrhosis on the lactate level for predicting mortality
in sepsis remains unknown. The objective of this study
was to determine the influence of liver cirrhosis on serum
lactate levels in predicting the severity of patients with
sepsis.
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Materials and methods
Study design

This was a single-center retrospective cohort study con-
ducted between 1 January 2007 and 31 December 2013 in
the Kaohsiung Chang Gung Memorial Hospital, a 2692-
bed acute-care medical center, and the largest tertiary-level
care hospital in southern Taiwan. The study protocol
was approved by the Ethics Committee of Chang Gung
Memorial Hospital (IRB No.: 103-0053B). Owing to the
retrospective nature of the study, the requirement for writ-
ten informed patient consent was waived.

Study setting and population

During the study period, we enrolled all adult patients
(218 years old) who visited the ED with systemic inflam-
matory response syndrome (SIRS), received parenteral
antibiotics, and had their blood culture and serum lactate
levels tested. All patients with liver cirrhosis were enrolled
and propensity score matched with age and sex, and the
qSOFA score was performed with one-to-two ratios for
control group selection. The study flowchart is shown in
Fig. 1. We reviewed electronic medical records, includ-
ing chart and nursing documentation, and documented
the following data: demographic characteristics, vital
signs at triage, major preexisting comorbidities, gSOFA
scores, laboratory test results, major infection source,
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mechanical ventilation requirement, and 28-day in-hos-
pital mortality.

The major pre-existing comorbidities and infection sites
were determined according to the International Statistical
Classification of Diseases and Related Health Problems
Ninth Revision (ICD-9) coding. The pre-existing comor-
bidities included liver cirrhosis (571.2, 571.5, and 571.6),
diabetes mellitus (250.00-250.99), hypertension (401.0—
405.9), malignancy (140.00-199.99), cerebrovascular
disease (430.00-438.99), congestive heart failure (428.0-
428.9), and chronic renal insufficiency (582.00-589.99).
The major infection sources included respiratory tract
(481.0-486.9), urinary tract (590.00-590.99 and 601.0—
601.9), intra-abdominal (562.11, 567.0-567.9, 5761,
574.00-574.19, 574.30-574.49, and 574.60-574.89),
and soft tissue (680.0-686.9 and 728.86) infections.

Serum lactate levels were drawn within 6h of the ED
visit if sepsis was suspected by the ED physician. Serum
lactate (mmol/L) levels were examined by serum-based
immunoassay (Unicel DxC 880i Synchron, Beckman
Coulter Inc., Brea, California, USA).

Definitions

Sepsis was diagnosed when an ED physician suspected
infection with two or more SIRS criteria as indicated by the
patient’s vital signs at triage as well as the initial laboratory
results according to their electronic medical records. SIRS

Patients were admitted to the ED
from 2007 to 2013

(n= 902,247)

Age over 18 years old, parental antibiotic use, and
blood culture collected and serum lactate drawn

(n=12,281)

Patients without liver cirrhosis
(n=11,228)

A 4

Patients with liver cirrhosis
(n=1,053)

|

Propensity score matching with age, sex, and
qSOFA score 1:2

|

A 4

Patients without liver cirrhosis
(n=2,106)

A 4

Patients with liver cirrhosis
(n=1,053)

Fig. 1. Study flowchart.
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criteria were defined as body temperature >38°C or <36°C,
heart rate >90 beats/min, respiratory rate >20 breaths/min,
and abnormal white blood cell count (>1200/mm?, <4000/
mm?, or bandemia >10%) [13]. To calculate qSOFA scores,
one point was awarded for each of the following: systolic
blood pressure of 100mmHg or less, respiratory rate of
at least 22 breaths/min, and Glasgow Coma Scale score
of up to 13, giving a score of 0-3 [14]. Septic shock was
defined as sepsis-induced hypotension despite adequate
fluid resuscitation, in the absence of other causes of hypo-
tension, and required inotropic agent usage [15]. Blood
culture with potential contaminating pathogens, such
as coagulase-negative Staphylococci, Micrococcus spp.,
Corynebacterium spp., and Propionibacterium acnes were
considered as contaminations [16,17]. Decompensated
liver cirrhosis (DLC) was defined by the development of
overt clinical signs including ascites, bleeding, encephalop-
athy, and jaundice [18,19].

Statistical analysis

Continuous variables are expressed as mean = SD and were
analyzed using a t-test. Categorical variables are shown as
actual numbers or percentages and were compared using
Pearson’s chi-squared test or Fisher’s exact test. For the
imbalance between patients with and without liver cirrho-
sis, propensity scores were estimated with liver cirrhosis as
the dependent variable. Covariates, including age, sex, and
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qSOFA score were entered into the multivariable models,
and matching was performed using the two-to-one match-
ing protocol. Standardized differences of more than 0.10
were considered as evidence of imbalance. Based on the
mean standardized differences and variance ratios of the
two groups, a total of 1053 pairs of patients were success-
fully matched. Area under the receiver operating charac-
teristic curve (AUROC) analysis was performed for serum
lactate levels to predict the accuracy for 28-day in-hospital
mortality. A regression model was used to calculate the
crude odds ratio of serum lactate >2 to have sepsis-re-
lated mortality in each subgroup of patients. Age, sex,
and qSOFA score were further adjusted in the regression
model to calculate the adjusted odds ratio. All statistical
tests were two-tailed with P <0.05 considered statisti-
cally significant. Statistical analyses were performed using
IBM SPSS Statistics for Windows, version 24 (IBM Corp.,
Armonk, New York, USA).

Results
Baseline characteristics

During the 7-year study period, 12281 sepsis patients
with initial serum blood lactate drawn were included
(Fig. 1). In total, there were 1053 and 11228 patients with
and without underlying liver cirrhosis, respectively. As a
result of one-to-two propensity score matching, 1053 and

Table 1. Demographic data of infected patients with and without liver cirrhosis

Patients without liver cirrhosis n=2106 Patients with liver cirrhosis n=1053 P value

Sex (male, %) 67.4% 69.3% 0.29
Age (mean = SD) (years) 60.6+16.8 61.1+14.6 0.41
Vital sign at triage (mean +SD)

Systolic blood pressure 129+36 125+35 0.003*

Diastolic blood pressure 78+34 73+29 <0.001*

Pulse rate 109+319 103+22 <0.001*

Body temperature 37.6+1.7 37.5+1.3 0.07

Respiratory rate 20+4 20+3 0.06
Underlying disease (%)

Diabetes mellitus 31.2% 30.8% 0.84

Hypertension 27.3% 21.3% <0.001*

Malignancy 22.6% 42.1% <0.001*

Cerebrovascular disease 13.1% 4.7% <0.001*

Congestive heart failure 7.2% 3.3% <0.001*

Chronic kidney disease 19.6% 26.0% <0.001*
qSOFA score

0 48.4% 47.3% 0.40

1 33.9% 36.7%

2 14.9% 13.8%

3 2.8% 2.3%
Laboratory data (mean +SD)

White blood cell count 13.2+10.8 11.1+£8.8 <0.001*

Neutrophil (%) 77.9+15.8 78.8+12.5 0.109

Lymphocyte (%) 12.4+£10.9 11.5£9.0 0.029*

Band (%) 1.7+4.2 2146 0.019*

C-reactive protein 125.5+109.4 79.6+81.7 <0.001*

Lactate 2.99+3.17 4.65+5.18 <0.001*
Major infection focus

Respiratory tract infection 41.5% 25.4% <0.001*

Urinary tract infection 21.7% 17.8% 0.01*

Intra-abdomen infection 10.1% 22.4% <0.001*

Soft tissue infection 9.5% 7.7% 0.10
Bacteremia 14.0% 24.5% <0.001*
Septic shock within 72h 14.7% 19.8% <0.001*
Intubation within 72h 20.4% 22.2% 0.23
28-day in-hospital mortality 12.2% 23.8% <0.001*

*P<0.05.
NS, not significant.
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Table 2. Subgroup analysis of the initial serum lactate level in patients with or without liver cirrhosis

Nondecompensated liver
cirrhosis patients (n1=173)

Patients without liver cirrhosis (n=2106)

Decompensated liver
cirrhosis patients (n1=879)

Non-survival
Survival (1=1808) Nonsurvival (1=298) P value Survival (n=156) Nonsurvival (1=17) P value Survival (n=612) (n=268) P value
Lactate 2.58+2.43 5.93+5.51 <0.001 2.96+3.13 7.29+5.93 0.023 4.08+4.68 7.16+6.48 <0.001
(mmol/L)
qSOFA <2 (n=1734) qSOFA >2 (n=372) P value qSOFA <2 (n1=158) qSOFA >2 (n=15) P value qSOFA <2 (n=726) qSOFA >2 (n=154) P value
Lactate 2.71+£2.69 4.27+4.64 <0.001 3.00+3.24 6.37+5.36 <0.03 4.58+5.08 6.50+6.48 <0.001
(mmol/L)

Data present as mean+SD.
P<0.05 indicated a significant difference.
qSOFA, quick sepsis-related organ failure assessment.

2106 patients with and without underlying liver cirrhosis,
respectively, were successfully matched. There was no sig-
nificant difference in age, sex, and qSOFA score between
the two groups.

Table 1 shows that the patients with liver cirrhosis had
significantly higher incidences of solid tumor, chronic kid-
ney disease, intra-abdomen infection, and bacteremia than
those without, whereas patients without liver cirrhosis
had higher incidences of hypertension, cerebral vascular
disease, heart failure, respiratory tract infection, and uri-
nary tract infection. Furthermore, the liver cirrhosis group
had significantly different physiological changes such as
lower heart rate, systolic blood pressure, and diastolic
blood pressure.

With regard to laboratory results of the liver cirrhosis
group, the white blood cell count and C-reactive protein
level were significantly lower, while the band neutrophil
and serum lactate level were significantly higher. Patients
in the liver cirrhosis group had a significantly higher septic
shock rate within 72h (19.8% vs 14.7%; P<0.001) and a
higher 28-day mortality rate (23.8% vs 12.2%; P<0.001)
than those without liver cirrhosis.

Subgroup analysis of serum lactate level in patients
with different disease severities

Table 2 and Figure 2 shows the subgroup analysis of the
initial serum lactate level between different disease sever-
ities in patients with different stages of liver cirrhosis and
those without liver cirrhosis. After categorizing the sub-
group patients by hospital mortality, the serum lactate
level between survivors and nonsurvivors was 2.58 vs
5.93 (P<0.001) in patients without liver cirrhosis (WLC),
2.96 vs 7.29 (P=0.023) in patients with nondecompen-
sated liver cirrhosis (NDLC), and 4.08 vs 7.16 (P<0.001)
in patients with DLC. Using the qSOFA score to define
disease severity, we found that the serum lactate level
between the gSOFA <2 and qSOFA >2 groups was 2.71 vs
4.27 (P<0.001) in patients WLC, 3.00 vs 6.37 (P<0.003)
in patients with NDLC, and 4.58 vs 6.50 (P<0.001) in
patients with DLC.

Table 3 shows that the adjusted odds ratios of the
initial serum lactate level >2mmol/L in 28-day in-hos-
pital mortality of infected patients were 4.99, 4.74, and
3.33 in the WLC, NDLC, and DLC groups, respectively.
Furthermore, the severity of liver cirrhosis showed a grad-
ually decreased influence of the serum lactate level on sep-
sis-related mortality.

Receiver operating characteristic curve analysis for
lactate in predicting 28-day mortality

In ROC curve analysis (Table 4 and Figure 3), the AUROC
of serum lactate level in predicting the 28-day mortality
was 0.752 [95% confidence interval (CI), 0.719-0.786]
in the WLC group, 0.790 in the NDLC group (95% CI,
0.655-0.925), and 0.696 (95% CI, 0.656-0.735) in the
DLC group. Using a serum lactate level cutoff point of
2mmol/L, the sensitivity and specificity for predicting
mortality were 0.81 and 0.55 in the WLC group, 0.85 and
0.45 in the NDLC group, and 0.86 and 0.33 in the DLC
group, respectively; the sensitivity and specificity became
gradually less specific as the liver condition worsened.
Using serum lactate levels higher than 4.0mmol/L as the
cutoff point, the sensitivity and specificity for predicting
mortality were 0.49 and 0.86 in the WLC group, 0.69 and
0.84 in the NDLC group, and 0.57 and 0.73 in the DLC
group, respectively.

Discussion

Our study demonstrated that the serum lactate levels in
patients with sepsis were significantly higher in liver cir-
rhotic patients than noncirrhotic patients, in both survi-
vors and nonsurvivors. In addition, the serum lactate level
increased with increasing liver cirrhosis severity in the sur-
vival group. In a subgroup analysis by qSOFA score, the
serum lactate level increased with increasing liver cirrho-
sis severity in both the gSOFA <2 and qSOFA >2 groups.
In ROC curve analysis, serum lactate could be used to
predict sepsis-related mortality in all groups of patients,
with the AUC around 0.7; however, with a cutoff point of
2mmol/L, the liver cirrhotic group demonstrated higher
sensitivity but lower specificity compared to those with-
out liver cirrhosis, and the trend appeared more significant
with increasing liver cirrhosis severity.

Previous studies demonstrated that hepatic dysfunc-
tion is associated with elevated lactate levels, independent
from parameters correlated with acute circulatory failure
[10]. Despite tissue hypoperfusion, hepatic dysfunction
was considered to contribute to blood lactate elevation
in patients with shock. Drolz’s study demonstrated that,
in a cohort of 816 critically ill patients admitted to the
ICU with cirrhosis, lactate was a useful and independent
predictor of outcome [20]. Sterling et al. [21] conducted
a multicenter randomized clinical trial of 187 patients
undergoing early sepsis resuscitation, and revealed that

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 2. Subgroup analysis by survival and gSOFA score. (a) The serum lactate level was higher in patients with liver cirrhosis than WLC group, and cor-
related with severity of liver cirrhosis in the survival group. In the non-survival group, the serum lactate level was higher in liver cirrhosis than WLC group,
but the NDLC group had higher lactate levels than the DLC group. (b) The serum lactate level increased with liver cirrhosis severity in both the gSOFA <2
and gSOFA >2 groups. DLC, decompensated liver cirrhosis; NDLC, nondecompensated liver cirrhosis; gSOFA, quick sequential organ failure assessment;

WLGC, without liver cirrhosis.

Table 3. Odds ratio of initial serum lactate level in 28-day in-hospital mortality

Nondecompensated liver cirrhosis

Patients without liver cirrhosis (n=2106)

Decompensated liver

patients (n1=173) cirrhosis patients (n=2880)

Adjusted odds

Crude odds ratio (95% Cl) ratio (95% ClI)

Crude odds ratio
(95% Cl)

Adjusted odds
ratio (95% ClI)

Crude odds ratio
(95% Cl)

Adjusted odds
ratio (95% CI)

Lactate >2mmol/L 5.18* (3.75-7.15) 4.99* (3.61-6.90)

4.85* (1.04-22.59)

4.74 (1.00-22.53) 3.11* (2.07-4.68) 3.33* (2.20-5.04)

*P<0.05.
Cl, confidence interval; gSOFA, quick sepsis-related organ failure assessment.
Adjusted age, sex, and gSOFA score.

liver dysfunction was significantly associated with higher
baseline lactate levels. Although impaired lactate clear-
ance and normalization was observed in advanced liver
disease, the result did not translate into a difference in
mortality [21]. However, categorized by past medical his-
tory, there were only 12 patients with liver cirrhosis in
Sterling’s study. Categorized by the liver component of the

sequential organ failure assessment score, only 32 patients
with moderate-to-severe liver dysfunction were included.
In contrast, the patient number is relatively larger in our
study, in that there were 173 patients with NDLC and 879
patients with DLC. Similarly, we also found that the serum
lactate level in patients with sepsis was significantly higher
in liver cirrhotic patients. For predicting mortality, higher
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Table 4. Receiver operating characteristic curve analysis of the initial serum lactate level in predicting 28-day in-hospital mortality

Group AUC 95% CI Cutoff point Sensitivity Specificity Youden index
Patients without liver cirrhosis 0.752* 0.719-0.786 2.00 0.81 0.55 0.36
4.00 0.49 0.86 0.35
Nondecompensated liver cirrhosis 0.790* 0.655-0.925 2.00 0.85 0.45 0.30
4.00 0.69 0.84 0.53
Decompensated liver cirrhosis 0.696* 0.656-0.735 2.00 0.86 0.33 0.19
4.00 0.57 0.73 0.30
‘P<0.05.
AUC, area under the curve; Cl, confidence interval.
(a) 10
08
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Fig. 3. Receiver operating characteristic curve analysis of serum lactate levels for predicting 28-day mortality. (a) without liver cirrhosis, (b) nondecompen-

sated liver cirrhosis, and (c) decompensated liver cirrhosis.

sensitivity and lower specificity were observed in patients
with liver cirrhosis, and the trend appeared to correlate
with increasing liver cirrhosis severity.

Nowadays, plasma lactate levels are considered to be
predictive for prognosis in patients with sepsis [22] pul-
monary embolism [23], trauma [24], and in those under-
going cardiac surgery [25]. However, many underlying
diseases and medications were found to be associated
with an elevated lactate level, including asthma [26], liver
dysfunction, kidney disease [27], diabetes on metformin
treatment [28], and alcoholism. In septic patients using
metformin, the serum lactate level remains useful for pre-
dicting mortality, with higher lactate levels (5.9 mmol/L)
required to obtain more precise results [28]. For patients
with cirrhosis, many factors may be useful as mortality

Copyright © 2021 Wolters Kluwer Health, Inc

predictors. In cirrhotic elderly patients admitted to the
ICU, the lactate level and Acute Physiology and Chronic
Health Evaluation II score were found to be the two best
predictive factors for mortality compared to the Child-
Pugh, Sequential Organ Failure Assessment, and Model
for End-stage Liver Disease scores [29]. Similarly, our
study implied that although the serum lactate level in
patients with sepsis was significantly higher in liver cir-
rhotic patients, the lactate level remains a useful predic-
tor of mortality. Thus, physicians should be aware of the
impact of underlying disease and medication use on lac-
tate levels, and avoid misinterpretations and inappropriate
diagnostic or therapeutic activities.

In the nonsurvival group, the serum lactate level was
higher in the NDLC group compared to the DLC group.

Unauthorized reproduction of this article is prohibited.
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One possible reason for this result could be that the sam-
ple size was relatively small. In the subgroup analysis for
nonsurvival patients, there were only 17 patients in the
NDLC group, but 268 patients in the DLC group. The
small number of patients in the NDLC group might con-
tribute to a dominant effect of the lactate mean value.
In our study, more than 70% of nonsurvival patients in
the NDLC group had a lower lactate level than the mean
value of the DLC group. Moreover, in-hospital mortality
was also affected by diverse factors including nosocomial
infections, catheterization during hospitalization, and
multiple comorbidities [30,31]. Therefore, the serum lac-
tate level may have different predictive abilities in early
and late in-hospital mortality. In contrast, when cate-
gorizing by qSOFA <2 or qSOFA 22, the serum lactate
level increased with increasing liver cirrhosis severity; this
could be explained by the fact that the timing of the meas-
urement of serum lactate was closer to that of the gSOFA.
This study has several limitations. First, this is a retro-
spective study, and septic patients whom did not drown
serum lactate were excluded. Patients who had lactate
drawn were considered to have higher sepsis severity than
those who did not. In other words, the patients included in
our study tended to have a higher disease severity. Second,
we only had initial lactate data instead of serial lactate
measurements. Although lactate clearance and normaliza-
tion during the early resuscitation of sepsis was unavaila-
ble, all patients with sepsis received aggressive treatment
according to sepsis bundle in our hospital. The majority of
patients with sepsis had reduced lactate levels. Finally, the
study was conducted in a single city in Asia, and the results
may not be generalizable to other ethnicities. Further stud-
ies should be conducted in other regions, with increased
patient numbers, and with serial lactate measurement.

Conclusion

The serum lactate level in patients with sepsis was signif-
icantly higher in liver cirrhotic patients in both survivors
and nonsurvivors. The serum lactate levels in the liver
cirrhotic group had higher sensitivity but lower specific-
ity for predicting mortality compared to patients without
liver cirrhosis, and the trend appeared more significant
with increasing liver cirrhosis severity.
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