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SUMMARY

Background
Prognostic scores in an intensive care unit (ICU) evaluate outcomes, but
derive from cohorts containing few cirrhotic patients.

Aims

To evaluate 6-week mortality in cirrhotic patients admitted to an ICU,
and to compare general and liver-specific prognostic scores.

Methods
A total of 312 consecutive cirrhotic patients (65% alcoholic; mean age
49.6 years). Multivariable logistic regression to evaluate admission fac-
tors associated with survival. Child–Pugh, Model for End-stage Liver
Disease (MELD), Acute Physiology and Chronic Health Evaluation
(APACHE) II and Sequential Organ Failure Assessment (SOFA) scores
were compared by receiver operating characteristic curves.

Results
Major indication for admission was respiratory failure (35.6%). Median
(range) Child–Pugh, APACHE II, MELD and SOFA scores were 11 (5–15),
18 (0–44), 24 (6–40) and 11 (0–21), respectively; 65% (n ¼ 203) died.
Survival improved over time (P ¼ 0.005). Multivariate model factors:
more organs failing (FOS) (<3 ¼ 49.5%, ‡3 ¼ 90%), higher FiO2, lactate,
urea and bilirubin; resulting in good discrimination [area under receiver
operating characteristic curve (AUC) ¼ 0.83], similar to SOFA and
MELD (AUC ¼ 0.83 and 0.81, respectively) and superior to APACHE II
and Child–Pugh (AUC ¼ 0.78 and 0.72, respectively).

Conclusions
Cirrhotics admitted to ICU with ‡3 failing organ systems have 90%
mortality. The Royal Free model discriminated well and contained key
variables of organ function. SOFA and MELD were better predictors
than APACHE II or Child–Pugh scores.
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INTRODUCTION

Decompensated cirrhosis has a poor prognosis with a

6-year survival of only 21%.1 The mortality rate is

much higher when cirrhotic patients require admission

to intensive care unit (ICU).2–4 Thus, the decision to

initiate intensive care is frequently questioned

as cirrhotic patients often progress to multi-organ

failure.4, 5

Currently, liver transplantation (LT) is the only cur-

ative therapy for established cirrhosis, giving excellent

long-term survival. However, because of increasing

waiting times for transplantation, some patients will

deteriorate, precipitating ICU admission,6 and in addi-

tion non-transplant candidates may still need ICU care.

These admissions are costly, and in many countries

(including the UK) there is limited ICU bed availability.

Thus, being able to identify those cirrhotic patients

who may benefit most from continued ICU care would

be very useful. To help in this, the clinical and labor-

atory variables that are associated predictively with

mortality, need evaluation to see if objective scoring

systems, providing accurate estimates for predicting

outcomes, can be derived.7

The Child and Turcotte classification (1964) and the

Pugh’s modification (1973) have been widely used for

the assessment of the severity of liver disease.8, 9 These

liver-specific prognostic scores for stratifying cirrhotic

patients into risk groups for surgical treatment, sclero-

therapy or transjugular intrahepatic portosystemic

shunt (TIPS) are useful.10–13 However, the Child–Pugh

(CP) scoring system has some subjective components

and does not score other factors such as cardiovascu-

lar, renal and pulmonary dysfunction,2, 7, 14 which are

relevant in an intensive care setting.

The Model for End-stage Liver Disease (MELD) score

is a new liver-specific prognostic model, currently

used in donor liver allocation systems in the USA. It

has been validated for 3-month survival in cirrho-

tics,15, 16 but its accuracy has never been evaluated in

cirrhotic patients admitted to ICU.

The Acute Physiology And Chronic Health Evalua-

tion (APACHE) II17 and the Sequential Organ Failure

Assessment (SOFA)18 (Figure 1) are ICU-specific prog-

nostic scores, developed from general ICU populations

and widely used. The predictive accuracy of these two

scores in critically ill cirrhotic patients has been evalu-

ated in only a few studies6, 7, 19–24 and only two, both

from the same centre, had a cohort of over 200

cirrhotics.22, 23 Indeed, there are data from only 10

centres published in 15 articles concerning prognostic

scores in cirrhotic patients admitted to ICU during the

last 20 years.2, 6, 7, 19–30

Our aim was firstly to evaluate short-term mortality

in a large cohort of cirrhotic patients considering clin-

ical variables on the day of admission to ICU, to iden-

tify the predictive factors for mortality and to derive

our (Royal Free Hospital) score. Secondly, to compare

the prognostic survival model, with liver-specific

scores CP, MELD, and to ICU scores, APACHE II and

SOFA. Thirdly, to examine whether mortality was

changing over time.

PATIENTS AND METHODS

Consecutive cirrhotic patients with their first admis-

sion to the ICU, Royal Free Hospital (RFH), between 1

January 1989 and 31 August 2004 were evaluated.

The diagnosis of cirrhosis was confirmed by the com-

bination of at least two of three parameters: presence

of varices, imaging or liver biopsy. All patients were

followed up to 6 weeks after discharge from ICU or

less if death had occurred earlier. We excluded

patients who either underwent liver transplant before

admission, during their stay in ICU or within 6 weeks

after discharge from ICU. Non-survivors were defined

as those who died either in ICU or within 6 weeks

after discharge from the ICU. The period of 6 weeks

was chosen so as to include those who died on the

general wards following their discharge from ICU, who

are often not included in ICU statistics and to encom-

Figure 1. Appendix: calculation of failing organ systems
using three points or more in the Sequential Organ
Failure Assessment (SOFA) score.
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pass those patients in whom a decision had been made

not to resuscitate further, and thus returned to the

wards for terminal care.

The following demographic and clinical variables

were prospectively recorded for each patient on admis-

sion to ICU: age, sex, transfer from RFH general ward

or other hospital and length of stay in general ward

(RFH or other hospital) before ICU admission. On

admission to the ICU, white blood count (WBC), plate-

let count (PLT), creatinine (Cr), urea (Ur), sodium (Na),

potassium (K), inspiratory concentration of oxygen

(FiO2), arterial blood gas [pH, partial arterial pressure

of oxygen (PaO2) and carbon dioxide (PaCO2)] and

acid base, lactate, albumin, bilirubin (BIL) and clotting

profile [prothrombin time (PT), international normal-

ized ratio (INR), activated partial thromboplastin time

(aPTT)] were recorded.

With regard to mode of presentation to the hospi-

tal and the indication for transfer from the general

ward to the ICU, these were defined as: (i) liver fail-

ure, i.e. hepatic encephalopathy >2 grade and/or

PT > 50 s, and/or BIL > 300 lmol/L; (ii) cardiac or

respiratory failure if there was use of inotropes and/

or cardiac arrest or mechanical ventilation respect-

ively. Patients requiring ventilation electively for air-

way protection in order to use balloon tamponade

were not considered to have respiratory failure; (iii)

renal failure as Cr ‡ 300 lmol/L, presence of hepato-

renal syndrome or need for haemofiltration; (iv) mul-

tiple organ failure if there was combined cardiac,

respiratory and renal failure; and (v) presence of sep-

sis, as proposed by the ACCP/SCCM consensus con-

ference.30 If the patient was already paralysed or

sedated, the patient was not considered in neurologi-

cal failure.

During the ICU stay, gastrointestinal (GI) bleeding

episodes, development of aspiration pneumonia and

additional use of inotropes, mechanical ventilation or

haemofiltration were also recorded. Severity of liver

disease was evaluated by the CP and MELD scores.

APACHE II was used for classification of illness sever-

ity and the SOFA score for grading of organ dysfunc-

tion or failing organ systems (FOS). The presence of

FOS on ICU admission was defined as a SOFA score of

3 or more points for any individual organ. All the

above scoring systems were calculated as published

and were evaluated on the first day of the ICU admis-

sion.16–18 Finally, the length of stay in the ICU as well

as in the general ward after discharge from ICU was

also recorded.

Statistical methods

Univariate comparisons of demographic and baseline

clinical factors between patients who died in ICU or

within 6 weeks after discharge and those who

remained alive for more than 6 weeks after discharge

were performed using Mann–Whitney U-tests for

continuous variables and chi-square tests for categor-

ical variables. To identify ICU-admission factors that

were independently associated with mortality, multi-

variable logistic regression analysis was performed

and a prognostic score was calculated. The discrimin-

ation ability of all published models to predict the

outcome of cirrhotic patients (either dead or alive)

was evaluated by using the area under a receiver

operating characteristic (ROC) curve. This has the

true-positive and false-positive rates on the vertical

and horizontal axes respectively. In this analysis, a

model with an area under the ROC curve (AUC)

between 0.7 and 0.8 is considered clinically useful

and between 0.8 and 0.9 as having excellent diagnos-

tic accuracy. As the AUC approaches 1.0, the model

approaches 100% sensitivity and specificity.31 To test

the calibration (i.e. the degree of correspondence

between predicted and observed mortality) we used

goodness-of-fit testing to evaluate the calibration

using the Hosmer–Lemeshow test. A high P-value in

this test (close to 1.0) is considered good calibra-

tion.32 The Youden Index (sensitivity + specifici-

ty ) 1)33 was used to select the best cut-off point, at

which sensitivity, specificity, positive (PPV) and neg-

ative predictive values (NPV) were calculated and at

which the patients could be correctly classified for

each prognostic model. A P-value £0.05 was consid-

ered statistically significant.

RESULTS

A total of 312 cirrhotic patients were admitted during

the study period: 182 (58.3%) were male and the mean

age was 49.3 � 11 years (Table 1). Alcohol was the

cause of cirrhosis in 203 (65%) patients. The remaining

causes are shown in Table 2. Two hundred and eight

(67%) cirrhotic patients were transferred from RFH

general wards and the remaining 33% directly to ICU

from other hospitals. The median number of days in

the general ward before ICU admission was two (range

1–120) (Table 1). The initial presentation to the hospi-

tal was GI bleeding in 55.5%, sepsis in 9%, hepatic

failure 6.5%, respiratory failure 6.4%, renal failure 8%
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and others 14.6%. Of the 172 patients with GI bleeding

on admission to the hospital, 115 (66.8%) already had

complications such as aspiration pneumonia, severe

infection or organ failure. Twenty-four cirrhotic

patients had suffered from cardiac arrest before ICU

admission (Table 1). In the cohort of 312, seven had

already been placed on a LT waiting list. Their charac-

teristics were not significantly different from those

who were not on a waiting list at the time of admis-

sion to ICU. No patient underwent LT within 6 weeks

of ICU discharge, but 13 did so between 20 and

96 weeks.

In terms of indications for admission to the ICU,

35.6% had respiratory failure, 22% GI bleeding, 7.1%

liver failure, 12.5% renal failure, 6.4% cardiac failure,

5.8% sepsis, 2.2% multiple organ failure and 8.4%

other causes (Table 2); 191 cirrhotic patients had GI

bleeding on admission to ICU (Table 1). Most bled

Table 1. Clinical and laboratory characteristics of cirrhotic patients on admission to intensive care unit (ICU)

Variable (unit) All (n ¼ 312) Survivors (n ¼ 109, 34.9%) Non-survivors (n ¼ 203, 65.1%) P

Age (years) 49 � 11 48 � 12 53 � 11 0.84
Sex, n (%)
Male 182 65 (60) 117 (58) 0.73
Female 130 44 (40) 86 (42)

Admission year, n (%)
1989–1996 151 41 (38) 110 (54) 0.006
1997–2004 161 68 (62) 93 (46)

Transfer from RFH 208 55 153 <0.001
Days in the ICU 4 (1–48) 4 (1–48) 4 (1–36) 0.07
Days in the ward 2 (0–120) 2 (0–34) 2 (0–120) 0.67
Cardiac arrest, n (%) 24 1(1) 23 (11) <0.001
On admission to ICU, n (%)
Antibiotics used 293 104 (95) 189 (93) 0.13
Gastrointestinal bleeding 191 81 (74) 110 (54) 0.001
Inotropic support 193 50 (46) 143 (70) <0.001
Mechanical ventilation 275 94 (86) 181 (89) 0.46
Encephalopathy (grade 3,4) 109 24 (22) 85 (42) 0.001
Ascites (yes) 270 88 (81) 182 (90) 0.04

During ICU stay, n (%)
Gastrointestinal bleeding 62 13 (12) 49 (24) 0.004
Mechanical ventilation 277 91 (83) 186 (92) 0.03
Inotropic support 254 71 (65) 183 (90) <0.001
Renal failure 127 11 (10) 116 (57) <0.001
Haemofiltration 56 5 (5) 51 (25) <0.001

Albumin (g/L) 28.7 � 8.3 28 � 7.7 29 � 8.7 0.39
WBC (109/L) 10.8 (0.8–52) 8.2 (0.8–35) 11 (1.3–52) 0.002
PLT (109/L) 70 (8–1166) 77 (11–586) 67 (8–1166) 0.09
Bilirubin (lmol/L) 87 (2–922) 52 (9–529) 124 (2–922) <0.001
Prothrombin time (s) 25 (13–124) 22 (13–48) 28 (14–124) <0.001
Creatinine (lmol/L) 102 (21–995) 78 (48–995) 124 (21–924) <0.001
Urea (mmol/L) 10.2 (0.8–52) 7.7 (2–45) 14 (0.8–52) <0.001
Na (mmol/L) 137 � 10 138 � 7.7 136 � 11 0.047
K (mmol/L) 4.2 � 0.9 4 � 0.8 4.2 � 1 0.15
Lactate (mmol/L) 2.3 (0.1–21) 1.5 (0.1–11.8) 3.1 (0.1–21) <0.001
FiO2 (%) 0.58 � 0.2 0.5 � 0.1 0.6 � 0.2 <0.001
pH 7.3 � 0.1 7.41 � 0.1 7.3 � 0.1 <0.001
Number of FOS (%)
<3 69 92 55 <0.001
‡3 31 8 45

FOS, failing organ system; RFH, Royal Free Hospital; PLT, platelet count; WBC, white blood count.
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from oesophageal varices (n ¼ 176), 10 from oesopha-

geal or duodenal ulcers and five from unidentified

sites. Emergency TIPS placement was performed in 64

(20.5%) patients. Only four (1.3%) of 312 patients,

were CP class A on ICU admission, 66 (21.2%) were

class B and the remaining 242 (77.5%) were class C.

The median CP, APACHE II, MELD and SOFA scores

on admission to ICU were 11 (5–15), 18 (0–44), 24

(6–40) and 11 (0–21) respectively.

On the first day of admission or during hospitaliza-

tion, 38.8% of the patients had or developed aspiration

pneumonia. Mechanical ventilation and cardiovascular

support with inotropes were used in the vast majority

(88.8% and 81.4% respectively) (Table 1).

Mortality

The overall mortality in ICU or 6 weeks after discharge

from ICU was 65.1% (Table 1). Causes of death were:

multiple organ failure in 45.6%, respiratory failure in

18.5%, renal failure in 11.8%, uncontrolled variceal

bleeding in 8.7%, liver failure in 6.2% and others in

9.2%. The median length of stay in ICU was not differ-

ent between survivors [4 (1–48) days] and non-survi-

vors [4 (1–36) days, P ¼ 0.07] (Table 1). Cirrhotics

who died were more likely to be admitted during the

period 1989–1996 compared to 1997–2004 (73% vs.

58%, P ¼ 0.006) (Table 1). Furthermore, we defined

four time periods: 1989–1992 (n ¼ 46), 1993–1996

(n ¼ 105), 1997–2000 (n ¼ 91) and 2001–2004 (n ¼
70), during which there was a progressive and signifi-

cant decrease in mortality over the years, as shown in

Figure 2, with 82% mortality for the first period

(1989–1992) compared to 52% for the last period

(2001–2004).

Factors associated with mortality in ICU or within
6 weeks after discharge from ICU: univariate analysis

Cirrhotics who died were less likely to have GI bleed-

ing as indication for admission to ICU compared to

survivors (P < 0.001) (Tables 1 and 2) and more fre-

quently had severe encephalopathy (P ¼ 0.001), ascites

(P < 0.001) and need for cardiovascular support with

inotropes (P < 0.001). The cohort who died also had

significantly higher median values of CP (12 vs. 10),

APACHE II (21 vs. 15), MELD (27 vs. 19) and SOFA

(12 vs. 9) scores (P < 0.001). During the ICU stay,

Table 2. Aetiology of liver
cirrhosis and indication for
intensive care unit (ICU)
admission in Royal Free Hos-
pital cohort of patients treated
in the intensive care unit

All patients
(n ¼ 312)

Survivors
(n ¼ 109)

Non-survivors
(n ¼ 203)

Cause of cirrhosis*
Alcohol 203 75 128
Non-alcoholic 109 34 75
Viral (hepatitis B or C) 54 15 39
Autoimmune 13 3 10
Cryptogenic 14 6 8
Primary biliary cirrhosis 10 5 5
Others� 18 5 13

Indication for ICU admission**
Gastrointestinal bleeding 69 42 27
Other indications
Respiratory failure 111 37 74
Liver failure 22 6 16
Sepsis 18 3 15
Renal failure 39 3 36
Cardiac failure 20 4 16
Multiple organ failure 7 – 7
Others 26 14 12

* P ¼ 0.31, ** P < 0.001.
� Other causes included: Wilson disease, primary sclerosing cholangitis, cystic fibrosis,
haematochromatosis, congenital and methrotrexate induced (three patients died before
the cause of liver cirrhosis was known).
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those who died needed ventilatory (P ¼ 0.03), cardio-

vascular (P < 0.001) and haemofiltration (P < 0.001)

support more frequently. However, the use of antibio-

tics and mechanical ventilation on admission to the

ICU and the development of aspiration pneumonia

during the ICU stay were not associated with worse

survival.

Eleven of the 17 laboratory variables had prognostic

value in the univariate analysis: WBC, Cr, Ur, Na, pH,

FiO2, lactate, BIL, PT, INR and aPTT (Table 1). When

there were ‡3 FOS on admission, mortality was 90%;

if FOS <3 then mortality was 49% (P < 0.001). There

was a progressive increase in mortality associated with

the number of FOS: cirrhotics with none, one, two or

more than three FOS on admission to the ICU had 4%,

45%, 65% and 90% mortality respectively (P < 0.001)

(Figure 3).

Factors associated with mortality: multivariate
logistic regression analysis

Five variables were independently associated with

mortality: more FOS, and higher FiO2, serum lactate,

urea and bilirubin on admission (Table 3). Based on

the regression coefficients of these five independent

variables, a new prognostic model (RFH scoring sys-

tem) of mortality was derived with the following

mathematical formula:

RFH score ¼ �6:611 þ bilirubinð0:004Þ þ ureað0:057Þ
þ lactateð0:274Þ þ FiO2ð3:126Þ þ K

K ¼ 2.872 if FOS ¼ 1, 3.643 if FOS ¼ 2 and 4.596

if FOS ‡ 3.

The estimated probability of mortality within

6 weeks of discharge of ICU is: escore/1 + escore.

Prognostic factors associated with mortality –
receiver-operating characteristic curves

Based on the area under the ROC curves, the SOFA had

the best (0.83) discriminative accuracy for mortality

(AUC ¼ 0.83), followed by the MELD score (AUC ¼
0.81). The APACHE II score had an acceptable discrim-

ination (AUC ¼ 0.78) and the CP score had the worst

but still acceptable discrimination value (AUC ¼ 0.72)

(Figure 4). As might be expected, the RFH prognostic
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Figure 2. Mortality in a consecutive cohort of cirrhotic
patients (n ¼ 312) admitted to intensive care unit accord-
ing to year of admission (P ¼ 0.005).
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Figure 3. Mortality and number of failing organ systems
(FOS) in a consecutive cohort of 312 cirrhotic patients
admitted to intensive care unit (P < 0.001).

Table 3. Independent risk factors of mortality in Royal
Free Hospital centre (multivariate logistic regression
analysis)

OR 95% CI

FiO2 (per 10%) 22.78 1.97–264
Lactate (per mmol/L) 1.32 1.11–1.56
Urea (per mmol/L) 1.06 1.01–1.11
Bilirubin (per lmol/L) 1.04 1.01–1.08
Failing organ system (FOS)
1 17.6 1.89–165
2 38.2 4.09–356.8
‡3 99.1 9.25–1061
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score had very good discrimination in our cohort

(0.83), similar to the SOFA and MELD scores (Figure 4).

From a practical perspective, the number of FOS also

had very good discrimination ability (AUC ¼ 0.79).

Regarding the goodness-of-fit measured by the Leme-

show–Hosmer, the calibration of MELD (v2 ¼ 3.7, P ¼
0.61) was superior to SOFA (v2 ¼ 8.1, P ¼ 0.43) and

FOS (v2 ¼ 3.5, P ¼ 0.3). Table 4 shows the goodness-

of-fit, sensitivity, specificity, PPV, NPV and diagnostic

accuracy, at the cut-off point giving the best Youden

Index for each scoring system. SOFA and MELD scores,

following by the RFH score, had the best Youden Index

and diagnostic accuracy.

DISCUSSION

Accurate prognostic indicators for patient survival in

ICU are important, and help guide clinical decision mak-

ing, talking to families of patients, as well as allowing

comparison to be made between units. This is partic-

ularly relevant in cirrhotic patients, as mortality

remains high despite intensive support. In our study, we

evaluated predictors from patients’ clinical and laborat-

ory variables available on ICU admission, to generate a

useful prognostic model for cirrhotic patients who

require intensive care, and compared its prognostic abil-

ity to established scoring systems, both liver-specific

(CP and MELD) and ICU scores (APACHE II and SOFA).

Our cohort is the second largest of cirrhotic patients

in ICU. The other two cohorts, from the same centre,

had included 420 cirrhotic patients.22, 23 For the first

time we evaluated four established prognostic scores:

APACHE II and SOFA (ICU specific) and CP and MELD

(liver specific). SOFA had better predictive value

Figure 4. Receiver operating characteristic (ROC) curves
for Child–Pugh, Model for End-stage Liver Disease
(MELD), Acute Physiology And Chronic Health Evaluation
(APACHE II), Sequential Organ Failure Assessment
(SOFA), Royal Free Hospital (RFH) intensive care score
and failing organ systems (FOS) in 312 consecutive cir-
rhotic patients admitted to intensive care unit.

Table 4. Prediction of mortality in 312 cirrhotic patients admitted to intensive care unit

Prognostic
score

Cut-off
point

Youden
Index

Goodness-of-fit
(P-value)

Sensitivity
(%)

Specificity
(%) PPV NPV

Diagnostic
accuracy

Child-Pugh 11 0.36 0.42 80 56 0.76 0.62 0.71
MELD 22 0.50 0.61 81 69 0.83 0.66 0.77
SOFA 11 0.58 0.43 77 80 0.86 0.69 0.78
APACHE II 19 0.45 0.42 65 80 0.86 0.56 0.70
RFH score 3.2 0.50 0.48 69 81 0.85 0.66 0.72

PPV, positive predictive value; NPV, negative predictive value; RFH, Royal Free Hospital; MELD, Model for End-stage Liver
Disease; SOFA, Sequential Organ Failure Assessment; APACHE II, Acute Physiology And Chronic Health Evaluation.
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(AUC ¼ 0.83), compared to APACHE II and CP scores

(AUC ¼ 0.78 and 0.72 respectively). These findings

agree with the four most recent series,19, 20, 26, 28 in

which in all but one,20 showed that ICU-specific scores

(APACHE II and/or SOFA) were superior to CP, and

SOFA always performed better than APACHE II. This

is despite the development and validation of SOFA

score in general ICU population with heterogeneous

reasons for admission with various disease aetiologies,

but which included very few cirrhotic patients. In our

study, exclusion of PLT count (which are usually low

in cirrhotic patients) from SOFA and FOS scores calcu-

lation did not increase their performance.

Our study assessed for the first time MELD scores in

cirrhotic patients admitted to ICU;15, 34 MELD had

high discrimination (AUC ¼ 0.81) almost the same as

SOFA and superior to APACHE II. Moreover, MELD

had better calibration than the other prognostic scores.

The comparable performance of MELD and SOFA

scores is partly explained by both having bilirubin and

creatinine as components. In addition, both scores have

surrogate variables related to more than one organ dys-

function. In SOFA, low platelet counts reflect advanced

cirrhosis and not only haematological dysfunction.

High MELD scores can be associated with extra-hepatic

causes such as severe sepsis (increased bilirubin and

prolonged INR), haemolysis (high bilirubin) and intrin-

sic renal or cardiac failure (raised serum creatinine).

In our large cohort we derived a specific prognostic

score for cirrhotic patients admitted to ICU. It had very

good efficiency (AUC ¼ 0.83) similar to SOFA and

MELD scores but needs validation in other cohorts.

This is particularly important as the mortality was

decreasing with time, despite similar characteristics at

admission to ICU. Although the possible reasons reside

in better therapies and management for bleeding, renal

failure and sepsis, which may not affect the scoring

variables, this requires specific testing in new cohorts.

The prognostic factors in our model were all associ-

ated with organ dysfunction, both quantitatively

(number of FOS) and qualitatively: FiO2, bilirubin,

urea and lactate. This emphasizes that liver-specific

scores on their own may not be useful in the ICU set-

ting and confirms that respiratory insufficiency is an

independent factor associated with mortality.2, 14, 35

Serum urea, a surrogate marker of renal failure and

protein catabolism, was also associated with short-

term mortality. The development of renal failure in

cirrhotic patients indicates a catastrophic reduction in

survival probability, such that it is the predominant

factor in end-stage cirrhosis.28, 36–38 The CP score does

not contain variables of renal function, and this may

be why it had the worst performance.

Although the precise mechanisms of hyperlactaemia

in severe liver dysfunction are not elucidated pre-

cisely,39 serum lactate predicts mortality in paracet-

amol-induced acute liver failure40 and is used to

assess severity of acute liver failure in general.41 How-

ever, surprisingly, there is only one other study in crit-

ically ill cirrhotic patients, which evaluated lactate,

which also found that it was independently associated

with mortality.21

The current published scoring systems are complica-

ted, requiring hand-held computers or pocket charts

for calculation, and as a result have not become com-

pletely incorporated into daily clinical practice, but

are used retrospectively for audit and quality control

purposes.42 In our study, the SOFA and MELD scores

had better predictive ability, compared to APACHE II,

but they are not without drawbacks. In the SOFA, sim-

ilar to APACHE II, accurate neurological assessment is

difficult in intubated patients and its development was

based on very few patients with cirrhosis. The MELD

score also requires computer calculation and it does

not provide clinical information on organ dysfunction,

so its accuracy for cirrhotic patients admitted to ICU

needs further validation. Although the CP score had

the lowest efficiency (AUC ¼ 0.72) and incorporates

subjective variables, it is simpler than the other three

scores. It remains a convenient scoring system with

acceptable discriminative power and could be

improved by the addition of creatinine.43, 44

An alternative approach for predicting mortality

could be the number of FOS assessment. In our study,

the main cause of death was multiple organ failure

and the mortality rate in patients without any FOS

was only 4% compared to 90% of those with three or

more FOS (Figure 3). These findings are in accordance

with previous studies19, 26, 28 and reflect the import-

ance of the number of failing organs in the outcome

of cirrhotic patients admitted to the ICU. Our defini-

tions of organ failure, similar to Wehler et al.19 were

based on the SOFA score; they do reflect severe organ

dysfunction and are easily reproducible. The number

of FOS was independently associated with survival

and had very good predictive accuracy in terms of the

area under the ROC curve (AUC ¼ 0.79) (Figure 4). We

would argue that this more pragmatic approach uses

data that is readily available and does not involve

complicated calculation.
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Interestingly, there was a significant improvement

in survival over the years in our centre (Figure 3). This

improvement is not due to selection bias in terms of

which patients were evaluated, as all cirrhotic patients

who admitted to ICU during the study period were

included. During the first three time periods (1989–

1992, 1993–1996 and 1997–2000), the improved sur-

vival occurred despite the same median SOFA score on

admission to ICU. Thus, the improvement in mortality

probably reflects: (i) specific improvement in pharma-

cological (terlipressin, antibiotics) and invasive therap-

ies (endoscopy, TIPS)45, 46; and (ii) better use of

haemofiltration and general ICU measures. In the last

cohort (2001–2004), survival was even better, but

median SOFA score was lower, compared to the previ-

ous three cohorts. In our centre, we believe this

reflects the earlier admission to ICU, associated with

establishment of an outreach team in February 2001.47

Our overall mortality was slightly higher than in

other recent published series.6, 19, 20, 22 However, we

included patients who died within 6 weeks after ICU

discharge in the non-survivor group. Indeed, 21 (10%)

of the 203 deaths occurred after discharge (median

8 days, range 1–35). Although a small group, 23

(96%) of 24 patients with cardiac arrest before ICU

admission died, so this group in this setting may not

warrant ICU admission or continuing ICU care. One

limitation of our study is that it is based on a special-

ized single referral centre, with patients referred for

specific therapy, particularly for bleeding (therapeutic

endoscopy, TIPS). However, our cohort had compar-

able severity of liver disease, a comparable proportion

admitted with GI bleeding to other studies,19, 20, 23 and

comparable proportion of alcoholic cirrhotic

patients.20, 22, 23 The second potential limitation is the

exclusion of cirrhotic patients who underwent LT dur-

ing ICU stay or within 6 weeks of discharge from ICU.

This criterion was also used by previously published

studies. However, all the 13 patients who underwent

transplantation having survived ICU did so after

6 weeks from their discharge and thus do not con-

found our analysis. This proportion of patients may

seem particularly small, and might not be similar in

other cohorts, but is explained by the fact that the vast

majority of our ICU cohort received mechanical venti-

lation (88%) and/or inotrope support (81.4%). Most

liver transplant centres, including ours, will wait for

full recovery of respiratory and circulatory function

before transplantation. Those with renal failure who

need haemofiltration or dialysis, and survive are

required to wait to observe if either recovery takes

place, or alternatively a decision is taken for a double

liver and kidney transplantation. In practice, this per-

iod extends to 6–8 weeks, i.e. beyond the interval over

which we assessed survival in this cohort. This

approach is also used for those already listed, which

were only seven in our cohort. Another factor is the

need in alcoholic cirrhotic patients (65% in our cohort)

to assess the risk of continued or repeated alcohol

abuse, which can only be made when the patient has

survived ICU and is stable and the need to have an

interval to observe how much improvement in hepatic

function there may be. Both these factors delay a

decision to list for LT by several weeks.

In conclusion, in cirrhotic patients requiring ICU

admission or undergoing treatment in ICU, appropriate

weighting can be allocated to the number of organ

failures, to aid a decision to admit to an ICU bed or to

withdraw therapy once in ICU. Although this approach

should be prospectively validated, currently many cen-

tres do not admit cirrhotic patients to ICU, who have

three or more organ system failures, particularly when

renal failure is present.

ACKNOWLEDGEMENTS

No external funding was recevied for this study.

REFERENCES

1 D’Amico G, Morabito A, Pagliaro L,

Marubini E. Survival and prognostic

indicators in compensated and decom-

pensated cirrhosis. Dig Dis Sci 1986;

31: 468–75.

2 Shellman RG, Fulkerson WJ, DeLong E,

Piantadosi CA. Prognosis of patients

with cirrhosis and chronic liver disease

admitted to the medical intensive care

unit. Crit Care Med 1988; 16: 671–8.

3 Zimmerman JE, Wagner DP, Seneff MG,

Becker RB, Sun X, Knaus WA. Intensive

care unit admissions with cirrhosis:

risk-stratifying patient groups and pre-

dicting individual survival. Hepatology

1996; 23: 1393–401.

4 Lee KC, Chiang AA. The outcome of ter-

minal liver cirrhosis patients requiring

mechanical ventilation. Zhonghua Yi

Xue Za Zhi (Taipei) 1997; 59: 88–94.

CIRRHOSIS AND INTENSIVE CARE UNIT 891

ª 2006 Blackwell Publishing Ltd, Aliment Pharmacol Ther 23, 883–893



5 Goldfarb G, Nouel O, Poynard T, Rueff

B. Efficiency of respiratory assistance in

cirrhotic patients with liver failure.

Intensive Care Med 1983; 9: 271–3.

6 Arabi Y, Ahmed QA, Haddad S, Alju-

mah A, Al Shimemeri A. Outcome pre-

dictors of cirrhosis patients admitted to

the intensive care unit. Eur J Gastroen-

terol Hepatol 2004; 16: 333–9.

7 Tsai MH, Chen YC, Ho YP, et al. Organ

system failure scoring system can pre-

dict hospital mortality in critically ill

cirrhotic patients. J Clin Gastroenterol

2003; 37: 251–7.

8 Child C, Turcotte J. The liver and portal

hypertension. In: Child CI, ed. Surgery

and Portal Hypertension. Philadelphia,

PA: Saunders, 1964: 50–8.

9 Pugh RN, Murray-Lyon IM, Dawson JL,

Pietroni MC, Williams R. Transection of

the oesophagus for bleeding oesopha-

geal varices. Br J Surg 1973; 60: 646–9.

10 Conn HO. A peek at the Child–Turcotte

classification.Hepatology 1981; 1: 673–6.

11 Garrison RN, Cryer HM, Howard DA,

Polk HC Jr. Clarification of risk factors

for abdominal operations in patients

with hepatic cirrhosis. Ann Surg 1984;

199: 648–55.

12 Ferro D, Saliola M, Quintarelli C, et al.

1-year survey of patients with advanced

liver cirrhosis. Prognostic value of clin-

ical and laboratory indexes identified

by the Cox regression model. Scand J

Gastroenterol 1992; 27: 852–6.

13 van Buuren HR, Cheng KH, Pieterman

H, Schalm SW, Lameris JS. Transjugular

intrahepatic portosystemic shunt.

Requiem for the surgical portosystemic

shunt? Scand J Gastroenterol Suppl

1993; 200: 48–52.

14 Castera L, Pauwels A, Levy VG. Prog-

nostic indicators in patients with liver

cirrhosis admitted to an intensive care

unit. Gastroenterol Clin Biol 1996; 20:

263–8.

15 Wiesner R, Edwards E, Freeman R, et al.

Model for end-stage liver disease

(MELD) and allocation of donor livers.

Gastroenterology 2003; 124: 91–6.

16 Kamath PS, Wiesner RH, Malinchoc M,

et al. A model to predict survival in

patients with end-stage liver disease.

Hepatology 2001; 33: 464–70.

17 Knaus WA, Draper EA, Wagner DP,

Zimmerman JE. APACHE II: a severity

of disease classification system. Crit

Care Med 1985; 13: 818–29.

18 Vincent JL, Moreno R, Takala J, et al.

The SOFA (Sepsis-related Organ Failure

Assessment) score to describe organ

dysfunction/failure. On behalf of the

Working Group on Sepsis-related Prob-

lems of the European Society of Inten-

sive Care Medicine. Intensive Care Med

1996; 22: 707–10.

19 Wehler M, Kokoska J, Reulbach U, Hahn

EG, Strauss R. Short-term prognosis in

critically ill patients with cirrhosis

assessed by prognostic scoring systems.

Hepatology 2001; 34: 255–61.

20 Rabe C, Schmitz V, Paashaus M, et al.

Does intubation really equal death in

cirrhotic patients? Factors influencing

outcome in patients with liver cirrhosis

requiring mechanical ventilation. Inten-

sive Care Med 2004; 30: 1564–71.

21 Zauner C, Schneeweiss B, Schneider B,

et al. Short-term prognosis in critically

ill patients with liver cirrhosis: an evalu-

ation of a new scoring system. Eur J

Gastroenterol Hepatol 2000; 12: 517–22.

22 Aggarwal A, Ong JP, Younossi ZM, Nel-

son DR, Hoffman-Hogg L, Arroliga AC.

Predictors of mortality and resource

utilization in cirrhotic patients admitted

to the medical ICU. Chest 2001; 119:

1489–97.

23 Gildea TR, Cook WC, Nelson DR, et al.

Predictors of long-term mortality in

patients with cirrhosis of the liver

admitted to a medical ICU. Chest 2004;

126: 1598–603.

24 Zauner CA, Apsner RC, Kranz A, et al.

Outcome prediction for patients with

cirrhosis of the liver in a medical ICU: a

comparison of the APACHE scores and

liver-specific scoring systems. Intensive

Care Med 1996; 22: 559–63.

25 Moreau R, Sicot C. Evaluation of the

short-term prognosis of cirrhotic

patients admitted to intensive care,

using 4 scoring systems. Gastroenterol

Clin Biol 1985; 9: 871–6.

26 Tsai MH, Peng YS, Lien JM, et al. Mul-

tiple organ system failure in critically ill

cirrhotic patients. A comparison of two

multiple organ dysfunction/failure scor-

ing systems. Digestion 2004; 69: 190–

200.

27 Ho YP, Chen YC, Yang C, et al. Outcome

prediction for critically ill cirrhotic

patients: a comparison of APACHE II

and Child–Pugh scoring systems.

J Intensive Care Med 2004; 19: 105–10.

28 Chen YC, Tsai MH, Ho YP, et al. Com-

parison of the severity of illness scoring

systems for critically ill cirrhotic

patients with renal failure. Clin Nephrol

2004; 61: 111–8.

29 Singh N, Gayowski T, Wagener MM,

Marino IR. Outcome of patients with

cirrhosis requiring intensive care unit

support: prospective assessment of pre-

dictors of mortality. J Gastroenterol

1998; 33: 73–9.

30 Bone RC, Balk RA, Cerra FB, et al. Defi-

nitions for sepsis and organ failure and

guidelines for the use of innovative

therapies in sepsis. The ACCP/SCCM

Consensus Conference Committee.

American College of Chest Physicians/

Society of Critical Care Medicine. Chest

1992; 101: 1644–55.

31 Hanley JA, McNeil BJ. A method of

comparing the areas under receiver

operating characteristic curves derived

from the same cases. Radiology 1983;

148: 839–43.

32 Lemeshow S, Hosmer DW Jr. A review

of goodness of fit statistics for use in

the development of logistic regression

models. Am J Epidemiol 1982; 115: 92–

106.

33 Youden WJ. Index for rating diagnostic

tests. Cancer 1950; 3: 32–5.

34 Freeman RB, Wiesner RH, Edwards E,

Harper A, Merion R, Wolfe R. Results of

the first year of the new liver allocation

plan. Liver Transpl 2004; 10: 7–15.

35 Foreman MG, Mannino DM, Moss M.

Cirrhosis as a risk factor for sepsis and

death: analysis of the National Hospital

Discharge Survey. Chest 2003; 124:

1016–20.

36 Cardenas A, Gines P, Uriz J, et al. Renal

failure after upper gastrointestinal

bleeding in cirrhosis: incidence, clinical

course, predictive factors, and short-

term prognosis. Hepatology 2001; 34:

671–6.

37 Chen YC, Tsai MH, Hsu CW, et al. Role

of serum creatinine and prognostic scor-

ing systems in assessing hospital mor-

tality in critically ill cirrhotic patients

with upper gastrointestinal bleeding.

J Nephrol 2003; 16: 558–65.

38 Fraley DS, Burr R, Bernardini J, Angus

D, Kramer DJ, Johnson JP. Impact of

acute renal failure on mortality in end-

stage liver disease with or without

transplantation. Kidney Int 1998; 54:

518–24.

39 Almenoff PL, Leavy J, Weil MH, Gold-

berg NB, Vega D, Rackow EC. Prolonga-

tion of the half-life of lactate after

maximal exercise in patients with hep-

atic dysfunction. Crit Care Med 1989;

17: 870–3.

40 Bernal W, Donaldson N, Wyncoll D,

Wendon J. Blood lactate as an early

predictor of outcome in paracetamol-

892 E . CHOLONGITAS et al.

ª 2006 Blackwell Publishing Ltd, Aliment Pharmacol Ther 23, 883–893



induced acute liver failure: a cohort

study. Lancet 2002; 359: 558–63.

41 Macquillan GC, Seyam MS, Nightingale

P, Neuberger JM, Murphy N. Blood lac-

tate but not serum phosphate levels can

predict patient outcome in fulminant

hepatic failure. Liver Transpl 2005; 11:

1073–9.

42 Teres D, Lemeshow S. Why severity

models should be used with caution.

Crit Care Clin 1994; 10: 93–110.

43 Cholongitas E, Senzolo M, Triantos C,

Samonakis D, Patch D, Burroughs AK.

MELD is not enough – enough of

MELD? J Hepatol 2005; 42: 475–7.

44 Papatheodoridis GV, Cholongitas E,

Dimitriadou E, Touloumi G, Sevastianos

V, Archimandritis AJ. MELD vs Child–

Pugh and creatinine-modified Child–

Pugh score for predicting survival in

patients with decompensated cirrhosis.

World J Gastroenterol 2005; 11: 3099–

104.

45 Carbonell N, Pauwels A, Serfaty L,

Fourdan O, Levy VG, Poupon R.

Improved survival after variceal bleed-

ing in patients with cirrhosis over the

past two decades. Hepatology 2004; 40:

652–9.

46 Combier E, Levacher S, Letoumelin P,

Joseph A, Pourriat JL, de Pouvourville

G. Cost-effectiveness analysis of the ter-

lipressin–glycerin trinitrate combination

in the pre-hospital management of

acute gastro-intestinal haemorrhage in

cirrhotic patients. Intensive Care Med

1999; 25: 364–70.

47 Ball C, Kirkby M, Williams S. Effect of

the critical care outreach team on

patient survival to discharge from hos-

pital and readmission to critical care:

non-randomised population based

study. Br Med J 2003; 327: 1014.

CIRRHOSIS AND INTENSIVE CARE UNIT 893

ª 2006 Blackwell Publishing Ltd, Aliment Pharmacol Ther 23, 883–893


