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Abstract Purpose: Patients with
decompensated liver cirrhosis who are
admitted to intensive care units (ICU)
are perceived, within the UK, as having
a particularly poor prognosis.
Methods: We performed a descrip-
tive analysis of cirrhosis patients
admitted to general critical care units
1995–2008 compared to patients
admitted with pre-existing chronic
renal failure. Data were obtained from
the Intensive Care National Audit and
Research Centre Case Mix Programme
Database incorporating 192 adult crit-
ical care units in England, Wales and
Northern Ireland. Results: Cirrhosis
accounted for 2.6 % (16,096 patients)
of total admissions with mean age
52.5 years and male preponderance
(*60 %). Hospital mortality was high
([55 %) although this improved 5 %
in recent years, and median length of
stay was short (2.5 days). Mortality in
cirrhotics with severe sepsis requiring
organ support was 65–90 %, com-
pared to 33–39 % in those without.
Conversely, patients with chronic
renal failure had lower mortality
(42 %) despite similar characteristics
and higher acute physiology and
chronic health evaluation (APACHE)
II scores. The APACHE II score under-
predicted mortality in cirrhotics.
Conclusions: Cirrhosis patients
exhibit worse outcomes compared to
pre-existing renal failure patients,
despite similar characteristics. Sur-
vival worsens considerably with organ

failure, especially with sepsis. They
represent a small number of admis-
sions, albeit increasing over recent
years, and, in general, have a short ICU
stay. Patients with single organ failure
have acceptable survival rates and
mortality has improved; although we
have no data on those refused ICU
admission potentially causing survival
bias. Given the extremely high mor-
tality in patients with multi-organ
failure, support should be limited/
withdrawn in such patients.
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Abbreviations

APACHE Acute physiology and
chronic health evaluation

CCMDS Critical care minimum
data set

CMPD Case mix programme
database

CRF Chronic renal failure
patients requiring renal
replacement therapy
prior to ICU admission

ICNARC Intensive Care National
Audit and Research Centre

ICU Intensive care unit
PMH Past medical history
RRT Renal replacement therapy
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Introduction

Liver disease is the fifth leading cause of death in the UK
and the second commonest cause of death in middle-aged
men [1]. Management of complications of cirrhosis, such
as gastrointestinal bleeding, sepsis or renal failure,
frequently involves intensive care unit (ICU) admission
[2]. However, many studies report a poor prognosis with
an overall hospital mortality of 44–71 % [3–10]. Patients
admitted for airway protection following an upper
gastrointestinal bleed fare better with a mortality of 20 %
[11]. However, mortality in those with organ failure such
as septic shock or hepatorenal syndrome may approach
85–100 % [12–15]. An improvement of mortality over
time has been described [5]; however a recent study from
a specialist liver transplant centre showed overall hospital
mortality of 54 %, which increased to 89 % in patients
with three organ failures after three days of ICU care.
These figures are similar to those previously reported
[16]. A valid criticism of these studies is their reliance
upon cohorts from single specialist centres that often
provide liver transplantation, with the largest cohort
comprising 582 patients [3].

Liver transplantation is the only curative therapy for
established cirrhosis, giving excellent 5-year survival
rates of 75 % [17]. However, as only approximately 650
are performed annually in the UK, the majority of cir-
rhotic patients presenting acutely to hospital will not be
listed for transplantation. US studies report high costs in
caring for cirrhotics in critical care, and these are
increased in non-survivors [18, 19]. Moreover, even those
who survive to hospital discharge subsequently have a
poor prognosis, with a median survival of only 4 months
if their admission acute physiology and chronic health
evaluation (APACHE) III score exceeded 90, and
17 months if below 90 [20]. In addition, 72 % of survi-
vors reported a poor quality of life [21].

It is thus not surprising that a common perception
within the UK is that large numbers of cirrhosis patients
are admitted to ICU for lengthy periods of time and these
patients fare far worse than most other patients. However
no study to date has accurately addressed this. We had
three original study aims, to determine:

1. The numbers of cirrhosis patients admitted to ICU and
their length of stay.

2. Whether cirrhosis patients actually have poorer
outcomes than patients with other chronic medical
conditions (in this case dialysis dependent chronic
renal failure—CRF).

3. Whether the advances in ICU management during the
study period have improved outcome in patients with
cirrhosis.

With the increasing burden of liver disease in the UK,
a limited number of ICU beds and the high cost of care, in

these times of likely strict economic rationing we con-
sider our study well-timed.

To address these three issues we interrogated data
from the Intensive Care National Audit and Research
Centre (ICNARC) Case Mix Programme Database
(CMPD) to assess characteristics and outcomes for
admissions to adult general critical care units in England,
Wales and Northern Ireland over a 12-year period with
advanced liver disease or requiring chronic renal
replacement therapy prior to admission. Dialysis-depen-
dent CRF patients were chosen as a comparator as their
1-year mortality of 20 % [22] is similar to those with
advanced liver cirrhosis (Childs Pugh B) [23] and a high
hospital mortality (43 %) following ICU admission is also
described [24]. As effective organ support exists for such
patients unlike those with advanced chronic liver disease,
the latter may be expected to be more unwell on admis-
sion. We therefore included APACHE score data in our
analysis in an attempt to reduce this bias. As sepsis is a
major problem in both cirrhosis [2] and dialysis patients
[25], with defects in innate immunity described in each
[26, 27], and that requirement for organ support is con-
sidered to carry a particularly poor prognosis in cirrhosis
[19], we examined these factors in a priori identified
subsets. None of these cirrhosis patients analysed were
transplanted during their admission and as a comparison
we have also included data from patients who underwent
liver transplant during this period.

Finally, the value of several predictive scoring systems
has been previously examined in an attempt to identify
cirrhotic patients who might benefit from ICU admission
[3–10, 28]. However, no score has been considered suf-
ficiently accurate to be included in routine clinical
practice within the UK. We therefore compared the pre-
dictive power of the two scoring systems collected by
ICNARC in these patients, namely the APACHE II score
and the ICNARC risk prediction model [29].

Patients and methods

The Case Mix Programme is the national comparative
audit of adult, general critical care units (ICUs and
combined intensive care and high-dependency units) in
England, Wales and Northern Ireland, coordinated by
ICNARC. The database (CMPD) contains pooled case
mix and outcome data on consecutive admissions to
participating units, which have undergone extensive val-
idation. Data are gathered to precise rules and definitions
by trained collectors [30]. The CMPD has been inde-
pendently assessed to be of high quality [31]. Support for
the collection and use of patient-identifiable data without
consent has been obtained under Section 251 of the NHS
Act 2006 [approval no. PIAG 2–10(f)/2005]; ethical
approval was therefore not required. Data were obtained
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for all adult patients considered to have cirrhosis as a
reason for admission or past medical history (PMH) from
626,953 admissions to 192 general ICUs between
December 1995 and June 2008.

Admissions in the CMPD with cirrhosis were identi-
fied from either the ‘primary’, ‘secondary’ or ‘ultimate
primary reason for admission’ fields, from either of two
other conditions relevant to the admission, and from their
PMH. Reasons for admission and other conditions rele-
vant to admission are coded using the ICNARC Coding
Method [31]. Case selection was divided into four specific
groups:

(1) Reason for admission with cirrhosis-related compli-
cations. Any of the following conditions as primary
or secondary reason for admission, and not identified
as a liver transplant admission: oesophageal varices;
bleeding gastric varices; variceal bleeding; infective
hepatitis; alcoholic cirrhosis; acute alcoholic hepati-
tis; chronic cirrhosis cause not defined; autoimmune
hepatitis; primary hepatic tumour and portal
hypertension.

(2) Past medical history of cirrhosis. Admissions with
any of the above conditions as an ultimate primary
reason for admission, or other conditions relevant to
the admission (and not a primary or secondary reason
for admission), or any of the following conditions in
their PMH that were evident in the 6 months prior to
admission to the unit: biopsy-proven cirrhosis; portal
hypertension; hepatic encephalopathy.

(3) Chronic renal failure patients. Admissions with any
of the following: admission currently requiring
chronic renal replacement therapy for irreversible
renal disease or received in the 6 months prior to
admission. This includes, but is not limited to,
chronic haemodialysis, chronic haemofiltration and
chronic peritoneal dialysis.

(4) Liver transplant. As a primary or secondary reason
for admission.

A statistical analysis plan was agreed a priori:

Descriptive statistics

Case mix and physiology

Organ system failures were identified according to
established definitions [32]. Severity of illness was mea-
sured by the APACHE II acute physiology score [33]
and the ICNARC physiology score [29]. Both scores
encompass a weighting for acute physiology defined by
derangement from the normal range for 12 physiological
variables in the first 24 h following admission to ICU.
The APACHE II score additionally encompasses
weighting for age and PMH of specified conditions.
Patients were defined as having severe sepsis if they met

at least three of the four systemic inflammatory response
syndrome (SIRS) criteria with evidence of infection and
at least one organ dysfunction during the first 24 h fol-
lowing ICU admission. Physiological definitions of SIRS
criteria and organ dysfunctions were matched to those
used in the PROWESS trial [34]. Advanced respiratory
support was indicated by admissions receiving one or
more of the following: invasive mechanical ventilatory
support; bilevel positive airway pressure (BiPAP) applied
via a translaryngeal tracheal tube or a tracheostomy;
continuous positive airway pressure (CPAP) via a trans-
laryngeal tracheal tube; and extracorporeal respiratory
support. Renal support was defined as patients receiving
continuous veno-venous haemofiltration or daily inter-
mittent haemodialysis.

Outcome and activity

Survival data, ICU and total hospital length of stay were
extracted at discharge from the ICU and at ultimate dis-
charge from the acute hospital. Readmissions to ICU
within the same hospital stay were identified from post-
code, date of birth and sex of the patient, and were not
included in analyses of acute hospital mortality. A com-
parison was made between patients admitted between
1995–2003 and 2004–2008.

Analysis of cirrhosis and chronic renal replacement
therapy patients that had a diagnosis of severe sepsis
and/or received mechanical ventilation and/or renal
replacement therapy from two patient subsets

Data were collected from (1) a subset of patients that took
part in a separate audit of specific treatment (64,063
admissions to 87 ICUs, 1 May 2003—29 April 2005) and
(2) a further subset of patients contributing data for an
updated version of the CMPD, the critical care minimum
data set (CCMDS), collected from 18,564 patients
admitted to 75 ICUs between 15 April 2006 and 29 June
2008.

Prognostic ability of APACHE II and ICNARC model
in cirrhosis admissions

These models were evaluated for discrimination (ability
of the model to distinguish survivors from nonsurvivors),
by assessing the area under the ROC curve (AUROC or
c index) [35], calibration (accuracy of the estimated
probability of survival) by the Hosmer-Lemeshow C*
statistic [36] and Cox’s calibration regression [37] and
the standardised mortality ratio (SMR). Patients who
stayed\8 h in the ICU were excluded from calculation of
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APACHE II scores and probabilities. There were no
exclusions from the ICNARC model.

All analyses were performed using Stata 9.2 (Stata
Corp., College Station, TX, USA).

Results

A total of 626,953 admissions to 192 adult general critical
care units in England, Wales and Northern Ireland from 1
December 1995 to 30 June 2008 were included in the
analysis.

Patients with liver cirrhosis

Cirrhosis accounted for 2.6 % of all admissions (16,096
patients), 1.8 % as a primary or secondary reason for
admission and 0.8 % in their past history (Table 1).
Patients had a mean age of 52–55 years, a male prepon-
derance (*60 %), hypotension on admission and a mean
APACHE II score of 19–22. Median critical care length
of stay was short (2.2–2.6 days). The incidence of sepsis
in patients with a past history of cirrhosis was consider-
ably higher than in those with a liver-specific admission
(28 vs. 10.2 %). Overall hospital mortality exceeded
55 %. Table 2 shows that both ICU and acute hospital
mortality improved by approximately 5 % in cirrhosis
patients admitted between 2004 and 2008 compared to
1995–2003. Also approximately 1,000 more patients with

cirrhosis were admitted during 2004–2008 compared to
1995–2003.

Patients with chronic renal failure prior to admission

CRF patients accounted for 1.4 % of all admissions
(8,991 patients). Compared to cirrhotics, mean age
(58.5 years), male preponderance (60 %), hypotension on
admission and APACHE II score (24.6) were similar
(Table 1). Median ICU length of stay was also short
(2 days), the incidence of sepsis was similar (25 %), but
overall hospital mortality (42 %) was lower.

Subset analyses

(1) A total of 64,063 admissions to 87 ICUs were ana-
lysed in the audit of specific treatments performed
between 2003 and 2005. Of these, 1,772 patients were
admitted with cirrhosis (2.8 %) and 801 patients with pre-
existing CRF requiring dialysis. In these cohorts, 883
patients with cirrhosis as a primary/secondary reason for
admission, 424 with a past history of cirrhosis and 648
with CRF either developed severe sepsis before or within
the first 24 h of admission, and/or received mechanical
ventilation and/or renal replacement therapy during their
ICU stay (Table 3). Hospital mortality was higher in
cirrhotics (65 vs. 48 %) despite similar APACHE II score,
age, admission blood pressure and ICU length of stay.
Likewise, if organ support was required the cirrhosis

Table 1 All admissions in the Case Mix Programme Database

Cirrhosis as primary
or secondary reason
for admission

Cirrhosis in past
medical history

Chronic renal
replacement
therapy

Liver
transplant

Number of admissions (%) 11,333 (1.8) 4,763 (0.8) 8,991 (1.4) 2,340 (0.4)
Age (years), mean (SD) 52.2 (13.1) 55.6 (14.3) 58.5 (15.7) 50.5 (11.9)
Sex (male), n (%) 7,036 (62.1) 2,825 (59.3) 5,423 (60.3) 1,410 (60.3)
APACHE II score, mean (SD) 19.0 (8.1) 22.0 (8.4) 24.6 (7.0) 16.0 (6.4)
ICNARC model score, mean (SD) 22.9 (11.3) 23.7 (11.3) 24.5 (9.6) 15.9 (8.0)
Lowest mean arterial pressure (mmHg), mean (SD) 62.3 (15.3) 62.0 (15.6) 64.7 (18.5) 70.5 (12.4)
Severe sepsis in first 24 h of admission, n (%) 1,133 (10.0) 1,343 (28.2) 2,259 (25.1) 50 (2.1)
Critical care unit mortality, n (%) 4,640 (40.9) 1,835 (38.5) 2,130 (23.7) 137 (5.9)
Ultimate acute hospital mortalitya, n (%) 6,136 (57.4) 2,350 (55.4) 3,377 (42.1) 216 (10.1)
Critical care unit length of stay (days),

median (IQR)
Unit survivors 2.3 (1.0–5.7) 2.8 (1.1–6.8) 2.0 (0.9–4.2) 1.8 (1–3.3)
Unit non-survivors 2.0 (0.7–5.9) 2.2 (0.8–6.1) 2.0 (0.7–6.7) 7.9 (2.4–19.3)
All 2.2 (0.9–5.8) 2.6 (1.0–6.6) 2.0 (0.9–4.7) 1.8 (1–3.8)

Total acute hospital length of stay (days)a,
median (IQR)

Hospital survivors 19 (10–36) 23 (13–44) 22 (11–46) 21 (13–35)
Hospital non-survivors 8 (3–17) 10 (3–21) 15 (5–34) 26 (12–52)
All 12 (5–25) 15 (7–31) 19 (9–41) 21 (13–37)

SD standard deviation, IQR inter-quartile range
a Excluding readmissions within the same acute hospital stay
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patients fared worse (90 vs. 73 %), in particular if both
ventilation and renal support were required (Fig. 1a).
Patients without sepsis or not requiring ventilation or
renal replacement fared better, with hospital mortality
rates of 33–39 % in 165 cirrhosis patients and 28 % in 40
CRF patients (Fig. 1a).

(2) Data were collected using CMPD version 3.0 for
999 admissions with cirrhosis and 699 with CRF to 75
ICUs between 2006 and 2008. Cirrhosis accounted for
5.4 % of all admissions. Of these 447 with cirrhosis as a
primary/secondary reason for admission, 238 with a past
history of cirrhosis and 540 CRF patients either had

Table 2 All admissions in the Case Mix Programme Database for liver cirrhosis divided into two periods, 1995–2003 and 2004–2008

Cirrhosis as primary or secondary
reason for admission

Cirrhosis in past medical history

1995–2003 2004–2008 1995–2003 2004–2008

Number of admissions (%) 5,267 6,066 2,257 2,506
Age (years), mean (SD) 51.9 (13.4) 52.5 (12.9) 54.5 (14.5) 56.5 (14.1)
Sex (male), n (%) 3,267 (62.0) 3,770 (62.1) 1,328 (58.8) 1,497 (59.7)
APACHE II score, mean (SD) 19.2 (8.3) 18.8 (7.9) 22.1 (8.5) 21.9 (8.3)
ICNARC model score, mean (SD) 23.2 (11.7) 22.6 (11.1) 24.2 (11.6) 23.2 (10.9)
Lowest mean arterial pressure (mmHg), mean (SD) 62.0 (15.9) 62.6 (14.7) 61.4 (16.4) 62.5 (14.8)
Severe sepsis in first 24 h of admission, n (%) 470 (8.9) 663 (10.9) 606 (26.8) 737 (29.4)
Critical care unit mortality, n (%) 2,301 (43.7) 2,339 (38.6) 922 (40.9) 913 (36.4)
Ultimate acute hospital mortalitya, n (%) 2,997 (60.7) 3,140 (54.6) 1,167 (57.7) 1,183 (53.3)
Critical care unit length of stay (days),

median (IQR)
Unit survivors 2.1 (1.0–5.3) 2.4 (1.1–5.9) 2.6 (1.0–6.6) 2.8 (1.2–6.9)
Unit non-survivors 2.0 (0.7–5.9) 1.9 (0.6–5.9) 2.0 (0.8–5.9) 2.4 (0.9–6.6)
All 2.1 (0.9–5.6) 2.2 (1.0–5.9) 2.3 (0.9–6.3) 2.8 (1.1–6.8)

Total acute hospital length of stay (days)a,
median (IQR)

Hospital survivors 19 (11–36) 18 (10–35) 24 (13–43) 22 (12–44)
Hospital non-survivors 7 (3–17) 8 (3–18) 9 (3–20) 10 (4–22)
All 12 (5–24) 12 (5–25) 14 (6–31) 15 (7–32)

SD standard deviation, IQR inter-quartile range
a Excluding readmissions within the same acute hospital stay

Table 3 All admissions between May 2003 and April 2005 who had severe sepsis in the first 24 h of admission and/or mechanical
ventilation and/or renal replacement therapy at any time during their stay in the critical care unit

Cirrhosis as primary
or secondary reason
for admission

Cirrhosis in past
medical history

Chronic renal
replacement
therapy

Number of admissions 883 424 648
Age (years), mean (SD) 51.9 (12.3) 54.4 (13.9) 58.7 (16.2)
Sex (male), n (%) 553 (62.6) 253 (59.7) 390 (60.2)
APACHE II score, mean (SD) 20.3 (8.0) 24.5 (9.0) 26.2 (6.8)
ICNARC model score, mean (SD) 26.1 (10.6) 27.4 (11.0) 27.3 (8.8)
Lowest mean arterial pressure (mmHg), mean (SD) 61.1 (14.6) 59.6 (15.8) 63.4 (18.2)
Critical care unit mortality, n (%) 442 (50.1) 215 (50.7) 191 (29.5)
Ultimate acute hospital mortalitya, n (%) 543 (65.8) 243 (66.6) 274 (48.2)
Critical care unit length of stay (days), median (IQR)
Unit survivors 4.2 (1.9–10.1) 3.9 (1.9–8.5) 2.8 (1.3–5.7)
Unit non-survivors 2.1 (0.7–7.3) 2.7 (1.1–7.4) 2.3 (0.8–7.7)
All 3.5 (1.0–8.9) 3.4 (1.3–8.0) 2.6 (1.1–5.9)

Total acute hospital length of stay (days)a, median (IQR)
Hospital survivors 26 (13–49) 32 (17–50) 23 (13–44)
Hospital non-survivors 9 (3–19) 10 (3–23) 16 (5–37)
All 13 (5–28) 16 (6–33) 20 (9–42)

a Excluding readmissions within the same acute hospital stay
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severe sepsis in the first 24 h of admission and/or required
at least 1 day of advanced respiratory support and/or at
least 1 day of renal support during their ICU stay
(Table 4). Again, despite similar APACHE II scores, age
and length of stay, the cirrhosis patients fared worse with
overall acute hospital mortality of *60 versus 38 % for
CRF. Similarly, cirrhosis patients with new organ failure
had poorer outcomes (up to 90 % hospital mortality)
compared to those with CRF who developed new organ
failures (Fig. 1b). Patients without sepsis or who did not
require advanced respiratory or renal support fared better,
with acute hospital mortality rates of 24–38 % in 84

cirrhosis patients and 16.7 % in 25 CRF patients
(Fig. 1b).

Liver transplantation

A total of 2,340 patients were admitted over the 12-year
period with a diagnosis of liver transplant. These patients
had similar mean age and male preponderance, but a
lower APACHE II score than those admitted with cir-
rhosis (without transplant) and a much better outcome,
with 10.1 % hospital mortality (Table 1). In both subset
analyses the ultimate hospital mortality of transplant
patients with a diagnosis of sepsis and/or advanced
respiratory support and/or renal support was low,
8–11.2 % (658 admissions in total, data not shown).

Comparison was made of the of discrimination and
calibration of APACHE II and ICNARC model for liver
cirrhosis patients. Both scores under-predicted mortality
in cirrhosis patients with SMR [1. The AUROC for the
ICNARC score was [0.8 for cirrhosis admissions and
0.77 for APACHE II (Table 5). Both the Cox’s regression
calibration tests and likelihood ratio v2 test for the ICN-
ARC and APACHE II scores were highly significant
(P \ 0.001), indicating a lack of calibration for both
models.

Discussion

To our knowledge, this is the first direct comparison of
mortality following ICU admission between patients with
cirrhosis and those with another pre-existing chronic
disease, and the largest cohort of ICU admissions with
liver cirrhosis reported to date. We selected patients with
dialysis-dependent renal failure as they, like cirrhosis
patients, have a high overall mortality and a predisposi-
tion to infection [2, 3, 24, 25]. Cirrhotic patients had a
higher hospital mortality if admitted to intensive care than
those with CRF (55 vs. 42 %). This mortality rate is
comparable to ICU admissions of patients with hemato-
logical malignancy [38]. Mortality has improved in
patients with cirrhosis by approximately 5 % in recent
years. The cirrhosis and CRF patients were well matched
in terms of age and sex, with the cirrhosis patients slightly
younger and a male preponderance observed in both. Both
groups had similar median lengths of ICU stay, low blood
pressures in the first 24 h, and APACHE II and ICNARC
prognostic scores. The subset analyses of[2,500 patients
confirmed that those patients with cirrhosis in combina-
tion with sepsis and organ failure requiring support had a
worse prognosis (mortality rates of 65–90 %, even in
recent years) than equivalent patients with CRF (mortality
45–73 %). However, patients without sepsis or organ

Fig. 1 % Acute hospital mortality in cirrhosis (either primary/
secondary reason for admission or past medical history—PMH) and
dialysis-dependent chronic renal failure (CRF) patients admitted to
UK ICUs according to presence of sepsis and/or organ failure.
a Shows data for patients admitted between May 2003 and April
2005 and b April 2006–June 2008. Mortality for either cirrhosis or
CRF patients was increased by the presence of sepsis and/or organ
failure and was higher in cirrhosis compared to CRF patients for
either cohort. % mortality was not calculated if the number of
patients that had died in any group was \20 (this was the case in
a for CRF patients with severe sepsis in 1st 24 h of admission and
mechanical ventilation at any stage; and in b for CRF patients with
sepsis in 1st 24 h of admission and[1 day of advanced respiratory
support at any stage during admission in b)
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failure fared better with hospital mortalities of 25–35 %
in cirrhosis and 17–28 % in CRF. Not surprisingly liver
transplant patients have a low mortality (10 %), and this
was not significantly altered in those requiring organ
support.

Perhaps contrary to expectation, cirrhotic patients only
accounted for 2.6 % of admissions, excluding those
admitted after liver transplantation. However, a higher
proportion (5.4 % of 18,564 patients) were admitted
between 2006 and 2008 compared to 2.8 % of 64,063
patients admitted in 2003–2005, and 1,000 more patients
with cirrhosis were admitted to ICU between 2004
and 2008 compared to 1995–2003. Also contrary to

expectation, the median ICU stay was short in both cir-
rhosis and CRF groups and did not differ between
survivors and non-survivors. Median hospital stay for
cirrhosis survivors was double that of non-survivors (*20
vs. 10 days). A similar trend was seen for patients with
CRF. This might represent, at least in part, withdrawal of
life-prolonging treatment in patients considered termi-
nally ill or unlikely to recover; however data concerning
withdrawal or limitation of care are not collected by
ICNARC. The improvement in mortality observed in
recent years despite similar patient characteristics may
reflect improvements in general ICU management,
but also the more widespread use of terlipressin in

Table 4 All admissions recorded between April 2006 and June 2008 who had severe sepsis in the first 24 h of admission and/or at least 1
day of advanced respiratory support and/or at least 1 day of renal support during their stay in the critical care unit

Primary or secondary
reason for admission

Past medical
history

Chronic renal
replacement therapy

Number of admissions 447 238 540
Age (years), mean (SD) 51.6 (11.8) 54.7 (15.0) 59.9 (16.0)
Sex (male), n (%) 282 (63.1) 148 (62.2) 326 (60.4)
APACHE II score, mean (SD) 20.5 (7.5) 21.6 (7.3) 24.5 (6.3)
ICNARC model score, mean (SD) 26.1 (10.1) 24.1 (9.7) 24.0 (9.0)
Lowest mean arterial pressure (mmHg), mean (SD) 59.7 (12.4) 62.6 (12.7) 64.3 (16.8)
Critical care unit mortality, n (%) 222 (49.7) 90 (37.8) 123 (29.6)
Ultimate acute hospital mortalitya, n (%) 267 (64.0) 122 (57.8) 182 (37.8)
Critical care unit length of stay (days), median (IQR)
Unit survivors 4.3 (1.9–8.8) 4.8 (2.0–9.2) 2.1 (1.0–4.3)
Unit non-survivors 1.9 (0.7–5.5) 2.4 (0.8–7.4) 2.7 (1.0–7.3)
All 3.0 (1.1–7.4) 3.9 (1.4–9.0) 2.2 (1.0–4.8)

Total acute hospital length of stay (days)a,
median (IQR)

Hospital survivors 21 (11–36) 25 (15–43) 20 (11–45)
Hospital non-survivors 6 (2–16) 11 (4–20) 15 (5–34)
All 10 (4–23) 15 (7–32) 18 (7–41)

a Excluding readmissions within the same acute hospital stay

Table 5 Comparison of discrimination and calibration of APACHE II and ICNARC models among all cirrhosis admissions identified
from their reason for admission or past medical history

1"/2" Reason for admission Past medical history

APACHE II ICNARC model APACHE II ICNARC model

Eligible admissions 9,173 10,663 3,643 4,237
Expected deaths 4,123.2 5,465.9 1,728.4 1,827.5
Observed deaths 5,116 6,125 1,973 2,348
Mortality ratio (observed/expected deaths),

(95 % CI)
1.24 (1.22–1.26) 1.12 (1.10–1.14) 1.14 (1.11–1.18) 1.28 (1.25–1.32)

Area under ROC curve (95 % CI) 0.77 (0.76–0.78) 0.80 (0.80–0.81) 0.77 (0.75–0.79) 0.82 (0.80–0.83)
Hosmer-Lemeshow C* statistic
v2 [10] 627.8 491.1 143.0 476.3
P value \0.001 \0.001 \0.001 \0.001

Cox’s calibration regression
Intercept (95 % CI) 0.54 (0.49–0.59) 0.35 (0.30–0.39) 0.33 (0.25–0.40) 0.68 (0.60–0.76)
Slope (95 % CI) 0.90 (0.86–0.95) 0.79 (0.76–0.83) 0.80 (0.74–0.86) 0.88 (0.82–0.93)
v2 [2] 590.1 379.4 128.1 410.7
P value \0.001 \0.001 \0.001 \0.001

Brier score 0.208 0.184 0.200 0.192
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hepatorenal syndrome or steroids in alcoholic hepatitis [2]
and the threefold decrease in mortality for variceal hem-
orrhage over the past 3 decades [39].

Surprisingly, in the subset analyses only 66–73 % of
the CRF patients underwent renal replacement. As such
patients undergo dialysis twice/three times a week, per-
haps this was not required for those patients with short-
term admissions (median duration of stay was 2–3 days),
e.g. after elective surgery. Such patients would be
expected to do well and thus perhaps might not represent
a good comparator for patients with advanced liver dis-
ease. The mean APACHE and ICNARC scores were
higher in the CRF patients than in either group of cir-
rhosis patients, suggesting that they do represent a valid
comparator group. Equally, in view of the higher
APACHE scores in CRF patients, it possible that RRT
may have been withdrawn in patients with a very poor
prognosis (in particular those with advanced septic
shock). Unfortunately ICNARC does not collect data
regarding treatment withdrawal.

The incidence of severe sepsis in the first 24 h of
admission was high in patients with a previous history of
cirrhosis (28 %) compared to those with cirrhosis as a
primary/secondary reason for admission (10 %). In CRF
patients, the 25.1 % incidence of sepsis is similar to that
previously described in dialysis patients [25] but higher
than the 15–19 % incidence reported in two large cohorts
admitted to ICUs in Canada and the UK [24, 40]. An
impaired ability to adequately combat infection has been
previously described in cirrhosis [41] with sepsis being
responsible for 30 % of deaths in this population [2].

Both APACHE II and ICNARC scores significantly
under-predicted mortality in patients with cirrhosis. The
ICNARC score, providing an AUROC of 0.8, is compa-
rable to the SOFA and OSF organ dysfunction models in
predicting mortality, but superior to the liver-specific
scores Child’s Pugh and MELD [28]. Whereas these
prognostic models may be used for quality assessment,
clinical research or evaluating therapeutic interventions,
they are not sufficiently accurate to be relied upon as the
basis for individual decision-making. The CMPD was not
specifically designed to analyze outcomes of critically ill
patients with cirrhosis. Only routinely collected admission
data were available, and it was not possible to analyse
prognostic factors such as plasma bilirubin nor calculate
liver-specific scores (e.g. MELD or Child’s Pugh).

Study limitations

The comparison between cirrhosis and CRF patients is
imperfect. Evidently the requirement of RRT is not the
same for a patient with CKD and a patient with liver
cirrhosis, as with the latter we are confronted with an
additional organ failure. Therefore the data presented in
Fig. 1 concerning mortality in patients requiring renal

support in each group cannot be regarded as a direct
comparison but rather as demonstrating the very poor
outcome in patients with cirrhosis who develop renal
failure. However the figure does clearly demonstrate the
worse outcome in cirrhosis compared with CRF patients
with sepsis and who require respiratory support. It is also
possible that APACHE II over-scores CRF patients that
are in receipt of regular supportive dialysis, in which case
we cannot be sure that cirrhosis patients actually fare
worse. However this scoring system has been well vali-
dated for many years [33] and has been used in numerous
published studies. However we did not intend this com-
parison to be foolproof, rather we used it to demonstrate
that patients with liver cirrhosis do actually fare worse on
ICU than those with CRF.

There may have been inclusion bias secondary to dif-
ferences in admission policies among the contributing
units. However, data were entered prospectively by trained
collectors and so we conclude that the differences
observed are genuine. We cannot be certain that the
patients actually had cirrhosis as we have no information
on biopsy results or radiological imaging, and it is possible
that a small number of those coded as having infective or
autoimmune hepatitis may have had acute liver disease.
However, we are confident that our search terms included
the vast majority of patients with cirrhosis. Patients on
dialysis are likely to be coded correctly as this state is
clearly defined and identifiable, whereas liver disease may
not be so clearly delineated; therefore there is a risk that
the data were weaker in identifying all such patients,
especially those with well-compensated cirrhosis (Child
A) who may be expected to do better. However, the cir-
rhosis patients had lower admission APACHE scores
compared to CRF patients and yet still had a higher
mortality; we therefore feel that such selection bias was
unlikely. We also included patients with a PMH of cir-
rhosis but who had been admitted primarily for a non liver-
related illness. As such patients are likely to have less
advanced liver disease, this reduces bias towards including
only the sickest cirrhotics (who would be expected to do
badly). Cirrhotic patients generally have low mean arterial
blood pressures but data concerning vasoactive drug use
(a marker of poor prognosis [3]) were not recorded in
the CMPD. We are also unable to report on long-term
outcomes or treatment measures. No data were avail-
able concerning previous history of cirrhosis-related
complications, e.g. hepatorenal syndrome (HRS) or gas-
trointestinal bleed, which would predict a poor outcome
irrespective of APACHE score. Unfortunately ICNARC
does not collect information that would allow us to dif-
ferentiate between HRS and non-HRS renal impairment in
cirrhosis patients and therefore refers to the patients as
requiring RRT rather than having HRS. However, many of
these complications require ICU admission and so read-
missions within the same hospital stay were excluded to
reduce bias. We were unable to compare high volume
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versus low volume units or transplant versus non-trans-
plant centres, although it should be noted that the largest
liver ICU in the UK at King’s College Hospital does not
contribute to ICNARC. Interestingly our overall mortality
data were similar to previous studies [3–10], which tend to
originate from specialist centres perhaps suggesting that
management in non-specialist centres was not dissimilar.
Equally restriction of access to ICU for patients with liver
cirrhosis or CRF is likely to vary from unit to unit, but
ICNARC does not collect these data. We therefore do not
have the actual denominator of patients who were eligible
for ICU admission, which may lead to a survival bias. It is
possible that the improvement in survival in the more
recent cohort may simply reflect changes in admission
policy rather than improved ICU supportive care, i.e.
patients likely to have poor prognoses may have been
declined ICU admission. We could not assess the influence
on outcome of clinical/biochemical status beyond the first
24 h of ICU stay, when deteriorating physiology may be
useful in making treatment decisions. Indeed, prognostic
models in cirrhotic patients assessed at 48 h or even 72 h
were better predictors of outcome than when performed at
24 h [16, 42]. The CMPD does not collect data on long-
term mortality nor development of other complications
during follow-up.

In summary, we demonstrate for the first time that, in a
large-scale cohort, patients with cirrhosis do have poorer
outcomes following ICU admission than those with dial-
ysis-dependent CRF. We have also shown that cirrhosis
patients only represented a small number of total ICU
admissions and had a short median length of ICU stay,
although the prevalence has increased in recent years.

Acute hospital mortality has improved in cirrhosis
patients when 1995–2003 is compared with 2004–2008,
in spite of other characteristics including APACHE II
score remaining the same. However subset analysis has
shown that even in more recent admissions the mortality
in cirrhosis patients with multi-organ failure remains very
high. Neither APACHE II nor ICNARC scores are suit-
ably accurate to guide individual decision making in these
patients. Patients without sepsis or with single organ
failure have acceptable survival rates and it would seem
entirely appropriate to manage such patients on ICU.
However, our large-scale multicenter study has confirmed
the poor prognosis of cirrhotic patients who require [1
organ support, with mortality rates of [90 % seen in
patients who develop multi-organ failure. We would
therefore advocate attempts at early identification of
patients with a likely poor prognosis to enable discussion
with the patients and relatives about setting appropriate
limits of care and furthermore, support should be with-
drawn in patients who continue to deteriorate and develop
multi-organ failure during their ICU stay.

Acknowledgments The authors would like to thank all the inten-
sive care units contributing data to the CMPD. This study was
supported by the Intensive Care National Audit and Research
Centre (ICNARC), a Registered Charity (no. 1039417) and
Registered Company limited by guarantee (no. 2946727). AOB and
MS work at UCLH/UCL, which receives a proportion of funding
from the Department of Health’s NIHR Biomedical Research
Centre’s funding scheme.

Conflicts of interest None.

References

1. Office of National Statistics mortality
statistics (2005) Review of the Registrar
General on deaths by cause, sex and age in
England and Wales. HMSO DH2 no.32

2. Tandon P, Garcia-Tsao G (2008)
Bacterial infections, sepsis, and
multiorgan failure in cirrhosis. Semin
Liver Dis 28:26–42

3. Aggarwal A, Ong JP, Younossi ZM,
Nelson DR, Hoffman-Hogg L, Arroliga
AC (2001) Predictors of mortality and
resource utilization in cirrhotic patients
admitted to the medical ICU. Chest
119:1489–1497

4. Chen YC, Tian YC, Liu NJ, Ho YP,
Yang C, Chu YY, Chen PC, Fang JT,
Hsu CW, Yang CW, Tsai MH (2006)
Prospective cohort study comparing
sequential organ failure assessment and
acute physiology, age, chronic health
evaluation III scoring systems for
hospital mortality prediction in
critically ill cirrhotic patients. Int J Clin
Pract 60:160–166

5. Cholongitas E, Senzolo M, Patch D,
Shaw S, Hui C, Burroughs AK (2006)
Risk factors, sequential organ failure
assessment and model for end-stage
liver disease scores for predicting short
term mortality in cirrhotic patients
admitted to intensive care unit. Aliment
Pharmacol Ther 23:883–893

6. Ho YP, Chen YC, Yang C, Lien JM,
Chu YY, Fang JT, Chiu CT, Chen PC,
Tsai MH (2004) Outcome prediction for
critically ill cirrhotic patients: a
comparison of APACHE II and Child-
Pugh scoring systems. J Intensive Care
Med 19:105–110

7. Mackle IJ, Swann DG, Cook B (2006)
One year outcome of intensive care
patients with decompensated alcoholic
liver disease. Br J Anaesth 97:496–498

8. Shellman RG, Fulkerson WJ, DeLong
E, Piantodosi CA (1988) Prognosis of
patients with cirrhosis and chronic liver
disease admitted to the medical
intensive care unit. Crit Care Med
16:671–678

9. Wehler M, Kokoska J, Reulbach U,
Hahn EG, Strauss R (2001) Short-term
prognosis in critically ill patients with
cirrhosis assessed by prognostic scoring
systems. Hepatology 34:255–261

10. Zimmerman JE, Wagner DP, Seneff
MG (1996) Intensive care unit
admissions with cirrhosis: risk-
stratifying patient groups and predicting
individual survival. Hepatology
23:1393–1401

11. Afessa B, Kubilis PS (2000) Upper
gastrointestinal bleeding in patients
with hepatic cirrhosis: clinical course
and mortality prediction. Am J
Gastroenterol 95:484–489

999



12. Chen YC, Tsai MH, Ho YP, Hsu CW,
Lin HH, Fang JT, Huang CC, Chen PC
(2004) Comparison of the severity of
illness scoring systems for critically ill
cirrhotic patients with renal failure. Clin
Nephrol 61:111–118

13. Fang JT, Tsai MH, Tian YC, Jenq CC,
Lin CY, Chen YC, Lien JM, Chen PC,
Yang CW (2008) Outcome predictors
and new score of critically ill cirrhotic
patients with acute renal failure.
Nephrol Dial Transplant 23:1961–1969

14. Foreman MG, Mannino DM, Moss M
(2003) Cirrhosis as a risk factor for
sepsis and death. Analysis of the
national hospital discharge survey.
Chest 124:1016–1020

15. Moreau R, Hadengue A, Soupison T,
Kirstetter P, Mamzer MF, Vanjak D,
Vauquelin P, Assous M, Sicot C (1992)
Septic shock in patients with cirrhosis:
hemodynamic and metabolic
characteristics and intensive care unit
outcome. Crit Care Med 20:746–750

16. Das V, Boelle PY, Galbois A, Guidet B,
Maury E, Carbonell N, Moreau R,
Offenstadt G (2010) Cirrhotic patients
in the medical intensive care unit: early
prognosis and long-term survival. Crit
Care Med 38:2108–2116

17. UK and Ireland liver transplant audit
(June 2008) in patients who received a
liver transplant between March 1 1994
and March 31 2007. NHS Blood and
Transplant

18. Detsky AS, Stricker SC, Mulley AG,
Thibault GE (1981) Prognosis, survival,
and the expenditure of hospital
resources for patients in an intensive-
care unit. N Engl J Med 305:667–672

19. Thuluvath PJ, Morss S, Thompson R
(2001) Spontaneous bacterial
peritonitis—in-hospital mortality,
predictors of survival, and health care
costs from 1988 to 1998. Am J
Gastroenterol 96:1232–1236

20. Gildea TR, Cook WC, Nelson DR,
Aggarwal A, Carey W, Younossi ZM,
Arroliga AC (2004) Predictors of long-
term mortality in patients with cirrhosis
of the liver admitted to a medical ICU.
Chest 126:1598–1603

21. Roth K, Lynn J, Zhong Z, Borum M,
Dawson NV (2000) Dying with end
stage liver disease with cirrhosis:
insights from SUPPORT. Study to
understand prognoses and preferences
for outcomes and risks of treatment.
J Am Geriatr Soc 48:S122–S130

22. Himmelfarb J, Ikizler TA (2010)
Hemodialysis. N Engl J Med
363:1833–1845

23. Pugh RN, Murray-Lyon IM, Dawson
JL, Pietroni MC, Williams R (1973)
Transection of the oesophagus for
bleeding oesophageal varices. Br J Surg
60:646–649

24. Hutchison CA, Crowe AV, Stevens PE,
Harrison DA, Lipkin GW (2007) Case
mix, outcome and activity for patients
admitted to intensive care units
requiring chronic renal dialysis: a
secondary analysis of the ICNARC
Case Mix Programme Database. Crit
Care 11:R50

25. Abbot KC, Agodata LY (2001)
Etiology of bacterial septicemia in
chronic dialysis patients in the United
States. Clin Nephrol 56:124–131

26. Anding K, Gross P, Rost JM, Allgaier
D, Jacobs E (2003) The influence of
uraemia and haemodialysis on
neutrophil phagocytosis and
antimicrobial killing. Nephron Dial
Transplant 18:2067–2073

27. Mookerjee RP, Stadlbauer V, Lidder S,
Wright GA, Hodges SJ, Davies NA,
Jalan R (2007) Neutrophil dysfunction
in alcoholic hepatitis superimposed on
cirrhosis is reversible and predicts the
outcome. Hepatology 46:831–840

28. Cholongitas E, Senzolo M, Patch D,
Shaw S, Hui C, Burroughs AK (2006)
Review article: scoring systems for
assessing prognosis in critically ill adult
cirrhotics. Aliment Pharmacol Ther
24:453–464

29. Harrison DA, Parry GJ, Carpenter JR,
Short A, Rowan K (2007) A new risk
prediction model for critical care: the
Intensive Care National Audit and
Research Centre (ICNARC) model. Crit
Care Med 35:1091–1098

30. Harrison D, Brady A, Rowan K (2004)
Case mix, outcome and length of stay
for admissions to adult, general critical
care units in England, Wales and
Northern Ireland: the Intensive Care
National Audit and Research Centre
Case Mix Programme Database. Crit
Care 8:R99–R111

31. Young JD, Goldfrad C, Rowan K
(2001) Development and testing of a
hierarchical method to code the reason
for admission to intensive care units:
the ICNARC Coding Method. Br J
Anaesth 87:543–548

32. Knaus WA, Draper EA, Wagner DP,
Zimmerman JE (1985) APACHE II: a
severity of disease classification system.
Crit Care Med 13:818–829

33. Le Gall JR, Lemeshow S, Saulnier F
(1993) A new Simplified Acute
Physiology Score (SAPS II) based on a
European/North American multicenter
study. JAMA 270:2957–2963

34. Padkin A, Goldfrad C, Brady AR,
Young D, Black N, Rowan K (2003)
Epidemiology of severe sepsis
occurring in the first 24 hrs in intensive
care units in England, Wales, and
Northern Ireland. Crit Care Med
31:2332–2338

35. Hanley JA, McNeil BJ (1982) The
meaning and use of the area under a
receiver operating characteristic (ROC)
curve. Radiology 143:29–36

36. Hosmer DW, Lemesbow S (1980)
Goodness of fit tests for the multiple
logistic regression model. Commun Stat
Theory Methods 9:1043–1069

37. Cox DR (1958) Two further
applications of a model for binary
regression. Biometrika 45:562–565

38. Hampshire PA, Welch CA, McCrossan
LA, Francis K, Harrison DA (2009)
Admission factors associated with
hospital mortality in patients with
haematological malignancy admitted to
UK adult, general critical care units: a
secondary analysis of the ICNARC
Case Mix Programme Database. Crit
Care 13:R137

39. Carbonell N, Pauwels A, Serfaty L,
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