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Abstract

Background: Acute decompensation of liver cirrhosis result in progressive organ
failure where the mortality rates may range between 40-60%, so patients admission into
ICU is a need for better outcomes.

Objective: This current study aimed to evaluate the better management and improving
outcome of patient admitted to MICU with complicated liver cirrhosis.

Patients and methods: This observational cohort study was included 151 critically ill
patients with decompensated liver cirrhosis of both sexes and age above 18 years. Full
history and thorough clinical examination, routine laboratory investigations, and
radiological investigations as abdominal and pelvic ultrasonography, upper endoscopy
CT were done. After 24h of admission another sample was taken to measure serum
lactate level. The disease severity is assessed using APACHE II, child pugh, MELD,
MELD-Na, MELD- Lactate scores.

Results: Serum lactate level on admission was correlated positively with APACHE 11
and CTP and negatively with GCS scores. Serum lactate measured after 24h of
admission was correlated positively with APACHE I, MELD, MELD Na and CTP and
negatively with GCS. MELD lactate score measured on admission was correlated
positively with APACHE Il and CTP and negatively with GCS. By Multivariate
regression analysis high lactate level measured after 24h of admission had an impact on
mortality among study populations. High lactate level measured after24h of a dmission
and low GCS, high CTP, high APACHE Il were independent predictory of mortality
while blood urea, haemoglobin, platelets, albumin, and serum Na were not. APACHE II
>24.5and serum lactate measured after 24h of admission > 13 were predictors of
mortality( AUC 0.877 & 0.809, respectively).

Conclusion: APACHE Il score and serum lactate values 24 h after admission
considered the highest predictors of ICU mortality among patients with liver cirrhosis.
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INTRODUCTION

Liver cirrhosis is a progressive disease that may occur along weeks or even years.
For example, hepatitis ¢ as a chronic hepatitis may last many years before progressing to
cirrhosis (1). Liver injury that leads to necro inflammation and fibrogenesis causes
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Cirrhosis. This disease is characterized by diffuse nodular regeneration surrounded by
dense fibro tic septae, so parenchymal extinction and collapse of liver structure occur
together causing pronounced distortion of hepatic vascular architecture (2).

Despite all of available predictors and guidelines,complicated liver cirrhosis in
medical ICU continues to be inadequately managed (3).

Serum lactate levels is elevated as a consequence of complicated liver cirrhosis ,
may be measured on admission of patient to medical ICU and follow up for 24 h to
predict better assessment of outcome of patients (4).

The prognostic value of measurement of serum lactate level and serial
measurement has been investigated in various settings (5,6).

Therefore, this study aimed to correlate those variables with the outcome in
complicated liver cirrhosis.

PATIENTS AND METHODS

This observational cohort study was included 151 critically ill patients with
decompensated liver cirrhosis of both sexes and age above 18 years. Full history and
thorough clinical examination, routine laboratory investigations, and radiological
investigations as abdominal and pelvic ultrasonography, upper endoscopy CT were
done. After 24h of admission another sample was taken to measure serum lactate level.
The disease severity is assessed using APACHE 11, child pugh, MELD, MELD-Na,
MELD- Lactate scores.

Ethical Consideration:

An approval of the study was obtained from Zagazig University Academic and
Ethical Committee (ZU-IRB#5498). Written informed consent of all the participants was
obtained. This work has been carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) for studies involving humans.

Methods:

Two hundred thirteen admissions were screened during the study period. Only 151
patients were available for valid analysis. The remaining patients (62) were excluded
because of incomplete data and/or loss of follow-up.

Measurement of serum lactate levels:

Lactate is oxidized to pyruvate and hydrogen peroxide (H202) by lactate oxidase
(LOX). In the presence of peroxidase (POD), hydrogen peroxide reacts with 2,4,6-
tribromo-3- hydroxybenzoic acid(THB) and 4- aminoantipyrine (4- AAP) to form a red
quinoneimine dye. The color intensity of the former red quinoneimine dye is directly
proportional to the lactate concentration. It is determined by measuring the increase in
absorbance at 546 nm. Samples were mixed gently and incubated for 5 minutes at 37 °C,
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then were measured against the blank at wave length 546 nm. Sample lactate
concentration was calculated using the following equation:

Sample absorption
Lactate concentration (mg/dl): X 10
Standard absorption
Measurement of serum lactate levels were performed on admission to ICU and

after 24 h of admission to ICU.

Patients were managed and followed while in MICU according to our unit
management protocols. Short-term ICU measures of patient’s outcome included
1. Mortality rate
2. Length of ICU stay.

Statistical analysis:

Data analyzed using Statistical Package for the Social Sciences (SPSS version
20.0) software for analysis. According to the type of data qualitative represent as
number and percentage, quantitative continues group represent by mean * SD.
Differences between quantitative independent multiple by ANOVA or Kruskal Wallis.
Data were presented as odds ratios (ORs) with 95% confidence intervals (95% CI).
Receiver operating characteristic (ROC) curve analysis was used to identify the optimal
cutoff values of predictors of mortality with maximum sensitivity and specificity for
predicting ICU mortality in patients with decompensated liver cirrhosis. P value was set
at <0.05 for significant results &<0.001 for high significant result.

RESULTS

The current study included 151 patients with the mean age 57.4 £14.3 as
illustrated in Figure (1).

There was a higher levels of lactate on admission,and after 24 h of admission,
higher total bilirubin, higher TLC and lower serum albumin are dependent predictors for
mortality (Table 1).

Patients who got increasing serum lactate levels 24 h after admission were
characterized by having higher mortality while patients who got a decrease in serum
lactate had lower mortality (Table 2).

Serum lactate levels (both on admission & 24 h after admission) & MELD lactate
score correlated negatively with GCS and positively with APACHE& CTP scores
(Figure 2-7).

APACHE I, lactate after 24h of admission, ICU stay, GCS, serum creatinine,
blood urea, HB, platelet, serum albumin, serum Na, and CTP score were independent
predictors of mortality (Table 3).

APACHE II score >24.5 predicts ICU mortality of the study population with a
sensitivity of 90.2% & specificity of 83% (AUC=0.877). Lactate 24 h after admission
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>13 mmol/ L predicts ICU mortality with a sensitivity of 82.4% & specificity of 71% (
AUC =0.809) (Table 4, Figure 8).

Totanl number of study
population fulfilling
inclusion and exclusiunon critervis
(n—213)

Dropped out of study because
of incomplte data or

loss of follow up
(n—62)

Pationts who completed
the study and were eligible
for statistical annlysis
(n=1581)

Figure (1): Flowchart of Study Population

Table (1) Comparison between survived (n=100) and deceased (n=51) population of
the study regarding biochemical profile

Outcome Mean SD /MW p

Lactate on admission |  Survived | 1298 | 789 | -3101**| 0.002

(mmol/L) Deceased 17.33 9.2

Lactate after 24h of | Survived | 112 | 617 | -6.202**| 0.000

admission (mmol/L) Deceased 20.1 10.59

Total Bilirubin (mg/dl) | Survived | 602 | 292 | -4.897** | 0.000
Deceased 10.05 5.52

INR | Survived | 181 | 636 | -1.342** [ 0.180
Deceased 2 .84

Serum Creatinine | Survived | 32 | 3456 | -0.008**| 0.994

(mg/dl) Deceased 2.85 3.17

Blood Urea 9mg/dl) | Survived | 10116 | 7588 | -1.279**| 0.201
Deceased 130.54 108.54

TLC (* 10¥mm3) |  Survived | 11359 | 7013 | -3.951* | 0.000
Deceased 16.416 8.217

HB (g/dI) | Survived [ 811 | 157 | 0476* | 0635
Deceased 7.998 1.04

Platelet Count (* | Survived | 113367 | 90922 | -1539** | 0.124

103/mm?) Deceased 92.429 54.169

Serum Albumin (g/dl) |  Survived | 2.46 | 31 | 6510 | 0.000
Deceased 211 32

Serum Na (mEg/L) | Survived | 1366 | 86 | 0121 | 0.904
Deceased 136.4 121

Serum K (mmol/L) | Survived | 46 | 1.07 | 0032* | 0974
Deceased 4.6 125

* by t-test ** by Mann-Whitney test
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Table (2) Serial Lactate Changes and ICU Mortality

Section A-Research paper

Serum Lactate Total X2 P
No Increasing Decreasing
change
Outcome Survived 5 34 61 100
Deceased 4 32 15 51 13.6 0.001
Mortality % 44.4% 48.5% 19.7% 33.8%
Total 9 66 76 151
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Figure (4) Correlation of serum lactate level on admission and baseline MELD score
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Figure (7) Correlation of serum lactate level on admission and baseline CTP score

Table (3) Multivariate logistic regression analysis for independent predictors of

mortality
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OR Lower Upper
Age 3.278 .070 .846 .706 1.014
APACHE II 4.919 .027 2.184 1.095 4.357
Lactate on admission 2.984 .084 .618 .357 1.067
Lactate after 24 hours 4.974 .026 2.049 1.091 3.850
ICU stay 6.111 .013 1.728 1.120 2.666
Total Bilirubin 441 .507 .870 577 1.312
INR 1.039 .308 .040 .000 19.487
MELD 3.703 .054 6.482 .966 43.493
MELD Na 3.365 .067 191 .033 1.120
GCs 7.208 .007 138 .032 .586
Serum Cr 4.291 .038 487 .246 .962
Blood Urea 6.429 011 1.032 1.007 1.057
TLC 1.366 243 1.127 .922 1.378
HB 5.125 .024 125 .021 .756
Platelets 4.618 .032 976 .954 .998
Serum Albumin 4.438 .035 .000 .000 405
Serum Na 5.936 .015 575 .368 .897
Serum K .287 592 563 .069 4.594
MELD-Lactate 257 .612 1.130 .705 1.812
CTP 5.333 .021 .035 .002 .603
Gender 416 519 334 .012 9.315
IHD .536 464 7.997 .031 2088.217
DM 1.756 .185 .057 .001 3.932
HTN 1.644 .200 .053 .001 4.730
Smoking 337 561 318 .007 15.234
Child Class .987 321 82.138 .014 492436.126

Table (4) Area under the Curve and Cutoff values of different predictors of

mortality in ICU

Test Result Variable(s) AUC 95% ClI Cutoff value Sensitivity Specificity
APACHE 11 0.877 0.821-0.933 24.5 90.2 83
Lactate 24h after admission 0.809 0.741-0.877 13 82.4 71
CTP 0.740 0.653-0.826 10.5 68.6 72
MELD Lactate 0.687 0.600-0.774 28.5 745 61
Lactate on admission 0.655 0.565-0.744 12 54.9 58
MELD Na 0.622 0.526-0.718 27.5 66.7 52
MELD 0.611 0.513-0.708 25 54.9 55
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Figure (8) ROC Curve for the validity of significant ICU mortality predictors.

DISCUSSION:

Patients with liver cirrhosis require admission into medical intensive care unit ICU
if acute decompensation occurred. Diagnosis of acaute-on-chronic liver cirrhosis is done
if there is combination of decompensated cirrhosis, organ failure, and high mortality rate
(7).

About one-third of patients admitted to the medical ICU of Zagazig University
Hospital with decompensated liver cirrhosis due to variable-related complications die
while in the ICU.

Nafeh et al. (8) revealed that a higher mortality rate (57.5 %), among 120 Patients,
with liver cirrhosis admitted to ICU in Egypt. Simillary, Saliba et al. (9) suggested ICU
mortality rate among patients with liver cirrhosis ranges from 34 to 69%.

Regarding the analysis of data for predictors of mortality, Hb% blood urea, serum
Na and platelet count had no impact on mortality of the study population in MICU as Hb
% of deceased patients is 7.998 + 1.04 g/dl while in survived ones is 8.11 + 1.57 g/dI
with significant p value=0.635, mean blood urea in deceased and survived are 130.54
+108.54 and 101.16 +75.88 mg/dl, respectively with P=0.201, mean serum Na in
deceased and survived are 136.4+12.1 and 136.6+8.6 mEq/L, respectively with P=
0.904, and mean platelet count in deceased and survived are 92.429 +54.169 and
113.367 +90.922*10"%/ mm3, respectively with P=0.124. While serum lactate after 24 h
of admission may predict mortality of the study population in MICU as its level in
survived and deceased was 11.2+6.17 and 20.1 £ 10.59 mmol/L, respectively with P
value=0.000. Also, high CTP, high APACHE II, lower GCS, and low albumin were
significant predictors of mortality in univariate analysis, mean CTP of deceased and
survived are 11.2+1.6 and 9.87 £ 1.32, respectively with significant P=0.000, APACHE
Il score of deceased and in survived are 29.9 £6.04 and20.56 + 5.86, respectively with
significant P =0.000 and mean GCS of deceased and survived ones are 7.43+2.36
and11.65%2.89, respectively with significant P value= 0.000, And mean serum albumin
levels in deceased and survived ones are 2.11+0.32 and 2.46+0.31, respectively with
significant P= 0.000. These results in our current study agree with Khalil et al. (10),
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Zakareya et al. (11), and Zhang et al. (12) showed higher lactate, APACHE Il, MELD,
CTP, and lower GCS in the deceased than in survived patients .

In our study, the serum lactate on admission was correlated positively with
APACHE Il (r: 0.186; P= 0.011) and CTP (r: 0.369;P=0.000), and it was negatively
correlated with GCS(r: - 0.237; P=0.002). Khalil et al. (10) agreed with this study. But
serum lactate measured 24h after admission was positively correlated with ICU baseline
severity scores; APACHE 11 (r: 0.360; P= 0.000), MELD (r: 0.206;P=0.006), MELD
Na(r:0.225; P=0.003), and CTP (r: 0.480; P=0.000) and negatively correlated with
GCS(r: -0.347; P= 0.000). So measurement of lactate 24 h after admission was better
predictor than the measured lactate on admission. Drolz et al. (13) agreed partially with
this option, measured lactate after 24 h of admission significantly facilitates sufficient
discrimination between survived and no survived.

Also MELD Lactate score measured on admission was positively correlated with
APACHE 11 (r: 0.357 and P=0.000), CTP score (r: 0.117 and P=0.000), and negatively
correlated with GCS (-0.222 and P=0.003). Recent studies, such as Sarmast et al. (14)
showed that MELD lactate is an early and objective predictor of mortality and may serve
as a guide to therapeutic options. Sarmast et al. (14) found that an increase in Serum
lactate level is associated, significantly (P<0.01) with a linear increase in MELD Lactate
and increasing deterioration of organs with an increase in lactate level. Also, it revealed
that MELD-Lactate improved risk prediction in 23.5% of the patients.

The area under the ROC curves (95% confidence intervals (Cl) of APACHE II,
serum lactate24h after admission,CTP, MELD- Lactate, serum lactate on admission,
MELD Na, and MELD for ICU mortality prediction were 0.877 (0.821-0.933), 0.809
(0.741-0.877), 0.740 (0.653-0.826),0.687 (0.600-0.774), 0.655 (0.565-0.744),0.622
(0.526-0.718), and 0.611 (0.513-0.708), respectively. APACHE Il and serum lactate 24h
after admission scored the highest AUROC, significantly superior to that of CTP,
MELD lactate, serum lactate on admission, MELD- Na and MELD scores.

Our data found that serum lactate equal to or more than 13, after 24 hours of ICU
admission and APACHE 11 score with cutoff of equal to or more than 24.5 within 24h of
ICU admission was associated with poor outcomes with AUC 0.877& 0.809,
respectively, and may be good predictors of mortality of URD critically ill patients with
cirrhosis. Lee et al. (15) revealed that APACHE 11 is equal to or more than18 associated
with 19-31-fold increased risk (with a sensitivity of 75% and specificity of 84 %,
P<0.0001). Also Ahmed et al. (16) study showed APACHE Il with a cutoff greater
than20 can predict the outcomes of critically ill patients.

CONCLUSION:

Serum lactate levels are elevated in patients liver cirrhosis on admission and are
correlated with other ICU severity scores (positively correlated with baseline APACHE
Il and CTP scores and negatively correlated with baseline GCS).

Deceased patients are characterized by having significantly higher lactate values

on admission to ICU and a higher incidence of increasing values 24 h after admission,
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while patient survival is associated with a higher incidence of drop in serum lactate
values 24 h after admission.

Analysis of the ROC curves identified APACHE Il score and serum lactate values
24 h after admission as the highest predictors of ICU mortality of these patients.
Measures that decrease serum lactate toward normal as early as possible may help
improve the chances of survival of these patients in the ICU.

We recommend further studies to assess the value of serial measurement of serum
lactate levels in patients with critically ill liver decompensation as a marker of treatment
success. The impact of serum lactate measurement in patients with decompensated liver
cirrhosis on long-term survival and readmission to critical care units because of the
recurrence of the critical illness warrants further research.
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