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Serum-Laktatspiegel sagen die Mortalitat
bei alteren Patienten mit Leberzirrhose voraus

Zusammenfassung

Grundlagen An eine Intensivstation (ICU) zugewiesene
Patienten mit Leberzirrhose haben meistens ein Mul-
tiorganversagen, was bei allen Intensivpatienten mit
einem schlechten Outcome verkniipft ist. Es wurden
Schweregrad-Skalen fiir an die ICU zugewiesene Leber-
zirrhose Patienten entwickelt. Ziel dieser Stuide war es,
zu priifen, ob Laktatspiegel auch einen préadiktiven Wert
hinsichtlich Mortalitét bei &lteren zirrhotischen Patien-
ten haben.

Methodik Die Diagnose einer Zirrhose war bei al-
len in die Studie aufgenommenen Patienten entweder
histologisch oder durch die Kombination typischer kli-
nischer, ultrasonographischer und Laborergebnisse ge-
sichert. Die Zuweisung der Patienten an die ICU erfolgte
aus verschiedenen Indikationen. Folgende Scores wur-
den bei den entlassenen beziehungsweise verstorbenen
Patienten mit den Laktatwerten verglichen: Child-Tur-
cotte-Pugh (CTP), Model for End-stage Liver Disease
(MELD), Acute Physiology und Chronic Health Evalua-
tion (APACHE II) und das Sequential Organ Failure As-
sessment (SOFA).
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Ergebnisse Insgesamt wurden 90 Patienten in die Stu-
die aufgenommen (mittleres Alter 69+5.919), wobei die
Atiologie der Leberzirrhose entweder HBV, HCV, Alko-
hol oder kryptogen war. Ein hepatorenales Syndrom und
eine spontane bakterielle Peritonitis waren bei den ver-
storbenen Patienten signifikant hédufiger als bei den von
der ICU entlassenen Patienten (p 0,01 respektive 0,028).
Die Laktatspiegel, sowie die Scorewerte von CTP, APA-
CHE II, MELD und SOFA waren bei den verstorbenen
signifikant hoher als bei den von der ICU entlassenen
Patienten (p 0,002, beziehungsweise < 0,001, <0,001
und <0,001).

Schlussfolgerungen Viele Faktoren haben einen gu-
ten Voraussagewert beziiglich Mortalitdt an der ICU von
dlteren Patienten mit Leberzirrhose. Die Laktatspiegel
und der APACHE II Score sind unserer Erfahrung nach
aber die diesbeziiglich besten.

Schliisselworter: Laktat, APACHE II, MELD, CTP, SOFA,
bei dlteren Patienten mit Leberzirrhose, die Mortalitét

Summary

Background Cirrhotic patients admitted to the inten-
sive care unit (ICU) usually have multi-organ failure.
Multiple organ failure entails a very poor outcome in
all intensive care patients. Cirrhotic patients show high
morbidity and mortality rates compared with other crit-
ically ill patients. Severity scores have been developed
for cirrhotic patients admitted to ICU. The main aim of
this study was to determine whether lactate level gives
any predictive value for mortality in cirrhotic elderly pa-
tients admitted to the ICU.

Methods In all the patients enrolled, a diagnosis of
cirrhosis was confirmed either histologically or by re-
sorting to clinical, laboratory, and ultrasonographic
findings. During this period, patients with cirrhosis were
admitted to the ICU with varying indications. Child-Tur-
cotte-Pugh (CTP), Model for End-stage Liver Disease
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(MELD), Acute Physiology and Chronic Health Evalua-
tion (APACHE II) and Sequential Organ Failure Assess-
ment (SOFA) scores and lactate were compared between
deceased and discharged patients.

Results A total of 90 consenting patients were en-
rolled in this study. The mean age of all the patients was
69+5.919. We detected etiological factors for cirrhosis as
HBYV, HCV, alcohol, and cryptogenic cirrhosis. Hepatore-
nal syndrome and spontaneous bacterial peritonitis were
significantly higher in patients who died than in those
who were discharged from the ICU (p values were 0.01
and 0.028, respectively). Lactate level, CTP, APACHE II,
MELD and SOFA scores were significantly higher in
patients who died than in those who were discharged
from the ICU (p values were 0.002, < 0.001,<0.001,
and <0.001, respectively).

Conclusions Many factors may be useful as a predic-
tor of mortality in ICU in elderly patients with cirrho-
sis. In terms of prognostic value, the lactate level and
APACHE 1I score are the two best predictive factors in
cirrhotic elderly patients admitted to the ICU.

Keywords: Lactate, APACHE II, MELD, CTP, SOFA, Cir-
rhotic elderly patients, Mortality

Introduction

Cirrhotic patients admitted to the intensive care unit
(ICU) generally have multi-organ failure. Multiple organ
failure entails a very poor outcome in all intensive care
patients [1, 2]. Patients with cirrhosis have a poor prog-
nosis, especially when they develop complications [3, 4].
The prognosis of cirrhotic patients admitted to the ICU is
grave. Cirrhotic patients who need critical care support
show high morbidity and mortality rates compared with
other critically ill patients. The use of prognostic models
for patients admitted to ICU is of great importance, since
they provide an objective evaluation for a group of pati-
ents with potentially high mortality rates and cost. The
advanced stage of liver failure and the presence of cirr-
hotic complications contribute to the poor prognosis of
cirrhotic patients admitted to the ICU. Clinicians and
investigators have been persistently looking for objective
scoring systems capable of providing accurate informa-
tion on disease severity and prognosis. Risk stratification
helps differentiate patients who would not benefit from
admission to the ICU from those who could achieve bet-
ter outcomes once aggressively treated.

Severity scores have been developed for cirrhotic
patients admitted to ICU based on combinations of prog-
nostic indicators. Of the models in use, the Child-Tur-
cotte-Pugh (CTP) and Model for End-stage Liver Disease
(MELD) scores have been designed exclusively for pati-
ents with liver disease, while the Acute Physiology and
Chronic Health Evaluation (APACHE II) and Sequential
Organ Failure Assessment (SOFA) scores are valid for use
in different patient groups admitted to the ICU [5, 6].

Previous studies demonstrated that lactate levels were
associated with a poor outcome in non-cirrhotic patients
but notyet in cirrhotic patients. The aim of this study was
to determine lactate level, APACHE II, MELD, CTP and
SOFA scores any predictive value for mortality in cirrho-
tic elderly patients admitted to the ICU.

Patients and methods

This study was undertaken in the medical ICU depart-
ment of our hospital between 2009 and 2011 with the
approval of the local ethics committee. Informed consent
was obtained from lucid patients or from the next of kin
of incapacitated patients. Elderly patient has been defi-
ned as a chronological age of 65 years old or older. Pati-
ents aged below 65 and patients with a diagnosis other
than cirrhosis were excluded from the present study. In
all of the patients enrolled, a diagnosis of cirrhosis was
confirmed either histologically or by resorting to clinical,
laboratory, and ultrasonographic findings. During this
period, patients with cirrhosis were admitted to the ICU
with varying indications (hepatorenal syndrome, spon-
taneous bacterial peritonitis, hepatic coma, esophageal
varices bleeding). Hepatorenal syndrome (HRS) as defi-
ned in the joint meeting of American Association for
Study of the Liver Disease [7]. The diagnosis of SBP was
based upon criteria recommended by the International
Ascites Club and published in 2000 [8]. The West Haven
criteria were used in grading the encephalopathy [9].

Blood samples were obtained 24 h after admission
into the ICU for the determination of blood urea nitro-
gen, creatine, total bilirubin, direct bilirubin, prothrom-
bin time, albumin, and lactate. The plasma lactate
concentration as determined on arterial blood samples
by a blood gas analyzer (ABLTM700 analyzer, Denmark)
according to the manufacturer’s instructions. Arterial
blood samples were taken within 6 h of presentation and
the blood gas analyzer routinely measured the plasma
lactate concentration. In addition, the 24 h APACHE II,
MELD, CTP, and SOFA score were calculated for each
ICU patient. APACHE II, MELD, CTP, and SOFA score
and lactate were compared between dead and dischar-
ged patients. Once again, age comparison was made
between men and women, as well as between dead and
discharged patients.

Statistical analysis was performed using Statisti-
cal Package for Social Sciences (SPSS) version 18 soft-
ware (SPSS Inc., Chicago, IL, United States of America).
Depending on the parameter involved, the Anova, Mann-
Whitney U, and Chi-square tests were used. Results were
given as mean * standard deviation. A p value below 0.05
was considered statistically significant. The area under
the Receiver Operating Characteristic curve (AUROC)
was calculated for each of the prognostic models, which
was used to determine the model with the most signifi-
cant prognostic power.
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Results

A total of 90 consenting patients were enrolled in this
study, 52 (57.8 %) of which were men and 38 (42.2 %) were
women. All of the patients with a mean age of 69+5.919
were enrolled in the study. The mean age of patients who
were discharged was 70.47+6.562, compared to a mean
age of 69.81+4.915 in patients who died. Blood urea nitro-
gen, creatine, total bilirubin, direct bilirubin, protrombin
time, and lactate levels were significantly higher in patients
who died than in those who were discharged from the ICU.
Albumin level was significantly lower in patients who died
than in those who were discharged from the ICU (Table 1).

We detected etiological factors for cirrhosis as HBV,
HCYV, alcohol, and cryptogenic cirrhosis. We determined
complications for cirrhosis as hepatic coma, esopha-
geal varices bleeding, spontaneous bacterial peritonitis,

hepatorenal syndrome, and hepatocellular carcinoma.
Hepatorenal syndrome and spontaneous bacterial peri-
tonitis were significantly higher in patients who died than
in those who were discharged from the ICU (p values were
0.01 and 0.028 respectively). Lactate level, CTP, APACHE
I, MELD, and SOFA scores were significantly higher in
patients who died than in those who were discharged
from the ICU (p values were 0.002, <0.001, <0.001, and
<0.001, respectively). There was no significant difference
between the duration of cirrhosis in patients who died
than in those who were discharged from the ICU. The
duration of ICU admission and mechanical ventilation
rates were statistically high in died patients compared
to those who were discharged from ICU (p values were
<0.001 and 0.018, respectively; Table 2).

Cut-off values were >2.75mmol/L, >16.5, >5.5,>19.5,
and >10.5 for lactate, APACHE II, SOFA, MELD, and CTP

Table 1. Patients’ demographic and laboratory data

Overall (n=90) Discharged (n=53) Deceased (n=37) p-value
Age (years) 69+5.919 70.47 +6.562 69.81+4.915 0.132
Male (n) 52 (57.8 %) 28 (52.8 %) 24 (64.9 %) 0.285
Female (n) 38 (42.2 %) 25 (47.2 %) 13 (35.1 %) 0.179
BUN (mg/dI) 35.5+35.690 34.280+23.790 68.62+40.222 <0.001
Cr (mg/dI) 1.3£1.755 1.251+1.279 2.70£1.995 <0.001
TB (mg/dl) 2.3+6.157 2.578+2.107 7.46+8.537 <0.001
DB (mg/dI) 1+£4.704 1.300+1.708 4.522+6.648 0.001
Albumin (g/dl) 2.4+0.507 2.582+0.477 2.23+0.482 0.001
PT (sn) 19.15+7.229 19.700+5.157 22.862+9.203 0.040
Lactate (mmol/l) 2.35+2.851 1.762+0.863 5.473+3.268 <0.001

Table 2. Causes and complications of cirrhosis and comparison of prognostic model scores

Overall (n=90) Discharged (n=53) Deceased (n=37) p-value
HBV (+) 29 (32.2 %) 15 (28.3 %) 14 (37.8 %) 0.342
HCV (+) 30 (33.3%) 19 (35.8%) 11 (29.7 %) 0.543
Alcohol (+) 9 (10 %) 6(11.3 %) 3(8.1 %) 0.613
Cryptogenic 27 (30 %) 15 (28.3 %) 12 (32.4 %) 0.675
HCC 7 (7.8 %) 2 (3.8 %) 5 (13.5 %) 0.091
Hepatic coma 56 (62.2 %) 29 (54.7 %) 27 (73 %) 0.076
HRS 6 (6.7 %) 0(0 %) 6 (16.2 %) 0.01
EVB 50 (55.6 %) 27 (50.9 %) 23 (62.2 %) 0.291
SBP 15 (16.7 %) 5 (9.4%) 10 (27 %) 0.028
CHILD 10+2.502 9.58+2.346 11.22+2.428 0.002
MELD 20+8.416 17.55+5.966 25.47+9.312 <0.001
APACHE I 15+10.119 12.81+4.447 28.51+8.681 <0.001
SOFA 6+3.741 4.09+2.705 8.14+3.781 <0.001
Duration of cirrhosis (month) 12+45.455 33.62+49.834 34.08 +38.997 0.963
Duration of CCU (day) 5+3.424 4.57+1.792 8.97 +3.547 <0.001
Need for MV 9 (10 %) 2 (3.8 %) 7 (18.9 %) 0.018
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Table 3. The comparison of serum lactate, APACHE II,
SOFA, MELD, and child-pugh score to predict mortality

Sn Sp PPV NPV AUROC p-value
(%) (%) (%) (%) (95%Cl)
Lactate 89 87 82 92 0942 <0.001
(>2.75 mmol/l) (0.886—0.997)
APACHE II 91 8 80 93 0.950 <0.001
(>16.5) (0.909-0.991)
SOFA 77 68 66 80 0813 <0.001
(>5.5) (0.725-0.896)
MELD 75 66 60 79 0.766 <0.001
(>19.5) (0.659-0.872)
CTP 63 68 53 78  0.687 0.02
(=>10.5) (0.573-0.801)
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Fig. 1 Receiver operating characteristic (ROC) analysis for
prognostic factors

scores, respectively. Sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and
area under the curve of each scoring system in predicting
mortality was shown in Table 3 and Fig. 1.

Discussion

In this study, high APACHE II, MELD, SOFA, and CTP
scores as well as increase of lactate were all found to be
associated with a higher mortality rate in cirrhotic elderly
patients in intensive care patients. This is the first study
showing that lactate levels are predictors in cirrhotic
elderly patients to ICU.

Results of our study have shown the APACHE II score
to be the best prognostic model, among the scoring sys-
tems studied, at predicting prognosis in cirrhotic pati-
ents admitted to the ICU. The APACHE II score is the
most commonly used predictor of mortality in intensive
care patients. The validity of the APACHE Il model in pre-
dicting prognosis in critical cirrhotic patients admitted
to the ICU has been demonstrated in several studies [5,
10-19]. In a study by Chiavone et al. on 94 patients admit-
ted following emergency who required intensive care,
higher APACHE II scores were reported to be associated
with higher mortality rates [16]. In a study by Ho et al.
on 135 patients with complicated cirrhosis who required
intensive care, higher CTP and APACHE II scores were
both found to be correlated with increased mortality, the
APACHE 1I score being of better prognostic value [10].
The studies by Cholongitas E et al. (312 cirrhotic patients
admitted to the ICU)and Arabi et al. (129 cirrhotic pati-
ents admitted to the ICU), a statistically significant rela-
tionship between APACHE II score and prognosis was
established in [15, 17]. In a study by Juneja et al. on 104
patients admitted to a speciality liver ICU in India, higher
APACHE Il is good prognostic model in predicting 30-day
mortality [18]. Our study also demonstrated a link bet-
ween high APACHE II scores and mortality.

The MELD score has been shown to be equivalent or
even superior to the CTP score to estimate short-term
survival among cirrhotic patients. MELD is a new liver-
specific prognostic model, currently used to predict
short-term survival in cirrhotics and to prioritize reci-
pients for transplantation [20]. The MELD score inclu-
des parameters such as bilirubin, creatinine, and INR,
making it more objective and easily reproducible [12, 21,
22]. Previous studies have demonstrated the accuracy of
the MELD score in predicting prognosis [21, 23, 24]. Tu et
al. demonstrated on 202 critically ill cirrhotic patients as
a prognostic model, the MELD score was superior to the
CTP and SOFA score [25]. Sumskiene et al. and Papeat-
heodoridis et al. also demonstrated that MELD score was
better than CTP score at predicting short-term progno-
sis [26, 27]. Cholongitas et al. demonstrated that MELD
scores showed high discrimination, almost the same as
SOFA and superior to APACHE II [28]. Similarly, Botta et
al. demonstrated that as a prognostic model, the MELD
score was superior to the CTP score at predicting one-
year survival in cirrhotic patients [21]. Our study showed
link between high MELD scores and mortality but APA-
CHE II score was superior to the MELD and CTP score.

The SOFA score is an excellent model which provi-
des an easy to apply scoring system which may be used
to provide objective information to patients and their
relatives regarding the prognosis of the disease. SOFA
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is currently the most often used score for evaluation of
multiple organ dysfunction. Its sequential use demon-
strated optimal accuracy to predict mortality in several
scenarios, including subgroups of cirrhotic patients [24,
29]. A lot of studies have demonstrated that the SOFA
score is not only useful in grading organ dysfunction
in cases with sepsis, trauma or after surgery, but that it
is also the best prognostic indicator that could be used
for cirrhotic patients [2, 11, 12, 18, 24, 30]. In a study on
160 patients with cirrhosis admitted to the ICU, Tsai et
al. demonstrated that the SOFA score was better than
the CTP score in predicting mortality as in our study [2].
An excellent discriminatory power to predict the short-
term prognosis of 143 cirrhotic patients admitted to the
ICU was demonstrated by Wehler et al. In this study, the
overall predictive accuracy of the SOFA was greater than
that of the APACHE II and CTP systems [31]. In a study
by Cholongitas et al. on 128 patients admitted to ICU,
SOFA score (baseline, at 48 h) had the best discrimina-
tive ability (higher AUC), compared to the other scores
(APACHE II, CTP, MELD) and at 48 h had the best cali-
bration ability [30]. In a study on 104 patients admitted
to a specialty liver ICU, higher SOFA is good prognostic
model in predicting 30-day mortality [18]. In a study by
Juneja et al. on 104 patients admitted to a specialty liver
ICU in India, higher APACHE Il is good prognostic model
in predicting 30-day mortality [18]. Chen et al. reported
a mortality rate of 68.6 % among 102 cirrhotic patients
admitted to the ICU. They also reported the SOFA score
to be an excellent predictor of prognosis in comparison
to the CTP score as in our study [32]. In another study,
the superiority of SOFA in comparison with APACHE II or
CTP scores in predicting short-term mortality in cirrho-
tic patients admitted to the ICU has also been shown by
Cholongitas et al. [28]. Our study, the overall predictive
accuracy of the SOFA was greater than that of the CTP
systems but reported the APACHE II and MELD scores to
be an excellent predictor of prognosis in comparison to
the SOFA and CTP score.

CTP score indicates the severity of liver disease but
were originally developed to assess the risk in under-
going surgical portacaval shunting and oesophageal
transection, respectively, using bilirubin, prothrombin
time, albumin, severity of ascites and hepatic encepha-
lopathy. Child-Turcotte score has been used for more
than two decades for determining prognosis in cirrhotic
patients [33]. The prognostic value of the CTP score has
been evaluated in several ICU studies, but it was found
to be somewhat limited in patients with advanced liver
dysfunction [28, 34]. The CTP scoring system has some
subjective components but does not score factors such
as cardiovascular, renal and pulmonary dysfunction,
which may explain its low prognostic efficiency in pati-
ents with liver cirrhosis admitted in intensive care [1, 3,
24]. Despite involving numerous subjective parameters
and its limited scope of definition, CTP is still the most
commonly used scoring system in the determination of
prognosis in cirrhotic patients. Some investigators (Botta
etal., Ho et al. and Wehler et al.) have suggested that hig-
her CTP scores and the presence of more complications

were associated with higher mortality rates [4, 5, 6]. In
addition, a metaanalysis on 118 studies show that higher
CTP scores were associated with higher mortality rates
[34]. Our study results show a link between a high CTP
and mortality in ICU patients with cirrhosis.

Cellular metabolism under anaerobic conditions con-
verts to lactate from pyruvate. Lactic acid levels relate
to the oxygen debit corresponding to the extent of tis-
sue hypoperfusion [35]. Hyperlactemia at the time of
admission to the ICU has been proposed to be a potential
marker for postoperative morbidity and mortality with
a high sensitivity and specificity for adverse effects. The
lactate level has been associated with mortality among
patients admitted to the ICU in previous studies but not
yet in cirrhotic patients. [36]. Plasma lactate levels are
currently used in risk stratification of patients with sep-
sis, trauma and pulmonary embolism [37, 38, 39]. In a
study by Noval-Padillo et al. on 16 patients, increased
lactic acid that occurs is an early predictor of postopera-
tive complications among heart transplant patients [40].
The other study by Hajjar et al. on 1,129 patients with
cancer who required intensive care, higher lactate level
was found to be correlated with increased mortality [41].
A study by Lee et al. on a total of 272 patients who were
admitted to the emergency department with acute para-
quat poisoning shows that the arterial lactate had similar
discriminative power to the APACHE II system as in our
study [42].

In conclusion, many factors may be useful as a predic-
tor of mortality in ICU on elderly patients with cirrhosis.
In terms of prognostic value, the lactate level and APA-
CHE 1I score are superior to the SOFA, MELD and CTP
scores.
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