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Abstract

Background
Knowledge about patients with Acute Liver Failure (ALF) in Australia and New Zealand (ANZ)
is lacking. We hypothesised that the pattern of disease would be similar to previous studies
and that, despite low transplantation rates, mortality would be comparable.
Methods
We obtained data from the ANZ Intensive Care Society Adult Patient Database and the ANZ
Liver Transplant Registry for ten years commencing 2005 and analysed for patient outcomes.
Results
During the study period, 1 022 698 adults were admitted to intensive care units (ICUs) across
ANZ, of which 723 had ALF. The estimated annual incidence of ALF over this period was
3.4/million people and increased over time (p=0.001). ALF patients had high illness severity
(APACHE III 79.8 vs. 50.1 in non-ALF patients; p<0.0001), and were more likely to be
younger, female, pregnant and immunosuppressed. ALF was an independent predictor of
mortality (OR 1.5 (1.26-1.79); p<0.0001). At less than 23%, the use of liver transplantation
was low, but the mortality of 39% was similar to previous studies.
Conclusions
ALF is a rare but increasing diagnosis in ANZ ICUs. Low transplantation rates in ANZ for ALF
do not appear to be associated with higher mortality rates than reported in the literature.
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Introduction
Acute liver failure (ALF) is relatively uncommon1, but leads to a characteristic pattern of
critical illness with multiple organ failure and a high associated mortality2,3 in the absence of
transplantation4-6. Admission to an intensive care unit (ICU) is almost always required3.
Despite the potential risk of a poor outcome and a period of extreme critical illness, patients
who survive ALF may return to good health7. While some studies evaluating the patterns of
presentation and incidence of ALF have been undertaken in several regions or specialised
centres4-6,8-29, little is known about the characteristics of these patients in Australia and New
Zealand30,31. However, an understanding of the characteristics, management and outcomes
of these patients would help develop a binational research agenda and interventional trials
aimed at improving outcomes32-34. Accordingly, we sought to describe the key characteristics,
incidence and outcomes of patients with ALF admitted to Australian and New Zealand (ANZ)
ICUs over a ten-year period using data from the ANZ Intensive Care Society’s (ANZICS)
Centre for Outcome and Resource Evaluation (CORE) Adult Patient Database (APD).
We hypothesised that patients with ALF admitted to ANZ ICUs would have similar
characteristics, and survival outcomes to those reported in previous studies from other
regions despite lower emergency liver transplantation (ELT) rates.

Methods
This study was approved by the Alfred Hospital Research Ethics Committee as a low risk
project without need for individual patient consent.
We conducted a retrospective cross-sectional study using data extracted from the ANZICS
CORE APD. The APD is a high-quality database35 that receives prospectively collected
contributions from over 180 participating ICUs across ANZ, including more than 80% of
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tertiary referral units during the study period and all five liver transplant centres. De-identified
individual patient data are submitted for 109 variables.
All completed adult ICU admissions that were submitted to the APD over the period 2005 to
2014 were included in the analysis, excluding re-admission episodes to ICU during an index
hospital admission and palliative care patients. Patients with ALF were identified as having
admission diagnosis APACHE III-J sub-code 301.01 (Acute Liver Failure), excluding those
also recorded as having cirrhosis or chronic liver disease as a pre-existing chronic health
condition. We obtained data regarding baseline physiological conditions (age, gender, weight,
pregnancy status), comorbidities, arterial blood gases, fraction of inspired oxygen (FiO2),
respiratory rate, need for mechanical ventilation (MV), and haemodynamic characteristics
within the first 24 hours of ICU admission. In addition, we obtained data on adverse events
(respiratory or cardiac arrest in the 24 hours prior to ICU admission, acute renal failure
occurrence during the first 24 hours of ICU stay), ICU admission source, admission unit (ICU
or high dependency unit (HDU)) and admission type (emergency response admission or not).
The Acute Physiology And Chronic Health Evaluation (APACHE) III and the Australian and
New Zealand Risk of Death (ANZROD)36 scores were calculated to measure critical illness
severity. The key patient outcomes of interest were ICU and in-hospital mortality. Data on
ICU and hospital length of stay, mortality outcome and discharge destination were also
collated, with in-hospital 30-day mortality calculated by excluding deaths with a hospital
length of stay greater than 30 days.
To estimate emergency transplantation rates, data on ELT use during the period analysed
were obtained from the Australian and New Zealand Liver Transplant Registry37, which
records all liver transplant related activity in ANZ, including all instances of liver
transplantation for ALF. These data were not linked to those obtained from the APD.
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Data Analysis
We analysed presentation type, comorbid medical conditions, patterns of pathophysiological
derangement and need for ventilator support. We evaluated differences between survivors
and non-survivors and compared ALF patients with all other patients admitted with non-ALF
diagnoses during the ten-year period. Data are reported as numbers and percentage for
binomial variables, means with standard deviation when reporting normally distributed
continuous data, and medians with interquartile ranges [IQRs] when reporting non-normally
distributed data. We evaluated all hospital outcomes, including mortality and discharge
destination. We performed group comparisons using chi-square tests for equal proportion,
student’s t test for parametric variables and Wilcoxon rank sum tests otherwise. To facilitate a
measure of illness severity that was independent of liver failure, patient risk of death was
calculated in accordance with ANZROD36, with ALF related components removed from the
calculation (hepatic failure, cirrhosis, chronic liver disease).
To determine independent predictors of mortality within the ALF population, we developed
multivariable models for features at both presentation to ICU (baseline demographics) and
after 24 hours. To identify independent baseline differences that may exist between ALF and
non-ALF patients, a multivariable logistic regression model was developed with the resulting
probability then used to reflect each patient’s propensity of presenting to ICU with ALF. To
determine if ALF was an independent predictor of survival amongst all ICU patients, we used
both logistic and Cox-proportional hazard regression models that adjusted for year, severity
of illness and propensity for ALF. Change in hospital outcomes over time were determined
using logistic regression, adjusting for illness severity, propensity to present with ALF and
year. To ascertain if changes in outcome over time differed between ALF and non-ALF
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patients, an interaction term between ALF and year of admission was fitted with year of
admission treated both as a categorical variable and as a continuous variable. All regression
models were constructed in SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) using mixed
hierarchical regression with patients nested within site and site treated as a random effect.
Unless otherwise stated, multivariable models were developed using stepwise selection
procedures (p<0.001) and validated using backwards elimination procedures with logistic
regression results presented as odds ratios (95%CI) while Cox-proportional hazards
regression models are presented as hazard ratios (95%CI). A two-sided p-value of 0.01 was
used to indicate statistical significance.
To calculate the population prevalence of ALF, we used end-of-year population estimates for
Australians and New Zealanders above age 16 from the Australian Bureau of Statistics
(3101.0 Table 59) and Statistics New Zealand Infoshare
(http://www.stats.govt.nz/infoshare/ViewTable.aspx), adjusting for annual APD coverage of
ANZ ICU admissions of 80%. This study is reported in accordance with the STROBE
statement guidelines for observational epidemiologic studies38.

Results
Identification of ALF patients
A total of 1,022,698 patients aged 17 years or older were admitted to contributing ICUs
across ANZ from 2005 until 2014 inclusive. During this period, data were submitted for an
average of more than 80% of eligible intensive care beds. ICU and hospital outcomes were
available for all patients. After excluding re-admissions and patients with pre-existing chronic
liver disease or cirrhosis, 723 patients with the diagnosis of acute liver failure (APACHE III-J
301.01) were admitted to ICU over the study period, accounting for 0.07% of all ICU
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admissions. This correlates to an estimated average of 3.4 admissions to intensive care with
the diagnosis of ALF per million people across ANZ each year. The number of ALF
admissions to ANZ ICUs increased over the ten-year period (Fig 1) at a rate that was
significantly greater than population growth (p=0.001).
Differences between patients with and without ALF
Differences between patients with ALF and all other ICU patients are summarised in Table 1.
ALF patients were more likely to be younger, female, pregnant and immunosuppressed by
disease or medical treatments. They were also less likely to have chronic severe
cardiopulmonary conditions. During the first day of ICU admission, patients with ALF had
higher illness acuity as measured by APACHE III and ANZROD than non-ALF ICU patients.
Fewer than five per cent of ALF patients were indigenous (Australian aboriginal, Torres Strait
Islander or New Zealand Maori), slightly less than the general ICU population. ALF patients
were less likely to have been admitted from home and more likely to be admitted to ICU
following transfer from another hospital than non-ALF patients. ALF patients exhibited
hyperventilation (higher respiratory rates and lower PaCO2), thrombocytopaenia and
developed acute renal failure more often than non-ALF patients, while limitations of treatment
were similar between both groups.

Multivariable propensity analysis confirmed several key differences at the time of admission.
More common amongst ALF patients were younger age, female gender, immune suppression
from co-morbid disease and emergency response admissions from general wards (p<0.0001
for all).

Patient Outcomes
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A comparison of patient outcomes is outlined in Table 2. ICU and hospital mortality for ALF
patients occurred in 32% and 39% respectively (similar to that predicted by the mean
APACHE III (38%) or ANZROD (34%), whereas it occurred in only 6% and 10% of non-ALF
patients (p<0.0001 for both). Patients died early and mostly in the ICU. ALF was an
independent predictor of mortality, with ALF patients being significantly more likely to die in
hospital (OR 1.5 (1.26-1.79); p<0.0001) and at 30 days (OR 1.63 (1.36-1.95); p<0.0001), than
patients admitted to intensive care with other diagnoses. This finding was confirmed by
survival analysis (HR 1.57 (1.38-1.78); p<0.0001) (Fig 2). Independent predictors of death for
ALF patients at time of admission to ICU and twenty-four hours after admission to ICU are
outlined in Table 3.
Over the ten-year study period, illness severity adjusted mortality in the non-ALF ICU
population decreased by 5% per year (OR 0.95 (0.95-0.95); p=<0.0001); however, no
significant reduction in mortality was observed for patients admitted with ALF (OR 1.01 (0.951.08); p=0.72) (Fig 3). While this temporal trend is potentially concerning, it did not meet our
threshold for statistical significance.

A comparison between patients with ALF who survived versus those who died is presented in
Table 4. ALF patients who survived were considerably younger and had lower rates of
chronic comorbidities. Non-survivors had a higher proportion of admissions to ICU from
general wards and spent longer there than those who survived. Both specific (e.g. bilirubin)
and non-specific (e.g. pH, bicarbonate and platelet count) markers of liver failure were
deranged to a greater extent in those ALF patients who died.
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Data obtained from the Australian and New Zealand Liver Transplant Registry (ANZLTR)
indicate that only 8.9% (n=164) of the 1842 liver transplants during the period of our study
were undertaken for acute liver failure37. Thus, it is estimated that less than 23% of ANZ ICU
patients with ALF underwent ELT during the study period. Thirty-day mortality for ALF
patients who were transplanted was during the study period was 12.8% (n=21), with more
than 80% of these deaths occurring within the first week. Most of these deaths were due to
cerebral oedema, intraoperative complications or refractory multiple organ failure. Causes of
ALF in patients undergoing ELT in Australasia over the ten-year period from 2005 are
outlined in Table 5.

Discussion

Key findings
In Australian and New Zealand (ANZ) data from 2005 to 2014, we found that the number of
patients admitted to ICU with ALF increased at a rate exceeding population growth. Such ALF
patients are younger in age, more often female, and more often require retrieval from the
hospital of presentation than other ICU patients. Early during admission to ICU, they have
greater illness severity and much greater mortality. While outcomes have improved for other
ANZ ICU patients over time, this may be less clearly the case for patients with ALF. Finally,
although the incidence, patient characteristics and overall outcomes of ALF patients admitted
to ICU are similar to those reported in other regions, the ELT rate is lower than reported from
other developed countries.

Relationship to previous studies
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Research on the characteristics and outcomes of ALF patients is overwhelmingly dominated
by northern hemisphere experience (Table 6). The majority of such studies, however, are
single centre and small; assess specific causes of ALF (e.g. drug induced22,39 or viral40) or
very specific sub-groups of ALF patients13,5,32 or children41-43, and include patients without
hepatic encephalopathy33. Some high-volume transplant centres, have published large single
centre observational studies7,13,29,44 or collaborations with similar centres5,18,45. Thus, very few
studies arise from an analysis of both retrospective1,17,25,46 and prospective28 databases
dedicated to the study of severe hepatic failure. Moreover, even when they do originate from
the largest and most inclusive studies, such as The Acute Liver Failure Study Group
(ALFSG), they cannot evaluate an entire population (the ALFSG enrolled only about 6.5% of
potential ALF cases across the United States) and derive their data only from select specialist
liver centres28. This approach creates a major selection bias and likely markedly influences
ELT rates. In addition, over forty different definitions of ALF have been described47, limiting
the potential comparative and external validity of such studies. Of further relevance to our
study, recent data are scarce, with very few studies covering the period up to 2014. In
addition, only five previous studies evaluated a larger number of ALF patients than assessed
in our study; however, these were also either single-centre, included only a very small
proportion of the overall number of ALF patients in the relevant region, or were heavily
skewed to specialist liver transplantation hospitals. In contrast to the above studies, our
investigation is highly inclusive, recent, and captures almost all acute liver failure admissions
to ICU in ANZ. As such, our findings are less affected by the over representation of highly
specialised liver centres and are the first to provide population data for two countries. Finally,
in several previous studies including high-activity transplantation centres, the approach to
reporting overall survival, transplant-free survival and ELT survival varied considerably so that
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direct comparisons are challenging. Nonetheless, the number of ALF patients receiving ELT
in most studies has consistently been approximately 50% or more14,15,18,23,29. In this regard,
the ELT rate in ANZ is amongst the lowest reported in the literature from developed countries
where mature cadaveric organ donation programs exist. Knowledge of the definition and
dominant causes of ALF for each region would be required to best interpret and validly
compare ELT utilisation rates, however. Given the possibly limited role for ELT in
paracetamol induced ALF48 and the potentially high rates of this cause of ALF in
Australia31,49,50, the low overall use of ELT in ANZ may reflect such differences in the
aetiology of ALF.
Despite the above limitations, women made up 60% of ALF patients in ANZ, a finding that is
strikingly similar to previous reports (Table 6). Hospital mortality for ALF in ANZ was 39%,

also very similar to studies. The average age of patients with ALF in our study was nearly 50
years, which is older than that reported in any previous study. Given that older age is an
independent predictor of poor outcome, the mortality rate we observed in ANZ may compare
favourably with those from previous reports.
Implications
Our findings imply that the population incidence of ALF patients treated in ICU is increasing in
ANZ. While data on aetiology was not available, other important characteristics of ALF
patients in ANZ are similar to those reported in other developed countries, except for the
older age of ANZ patients. They also imply that mortality for these patients may not be
declining over time, unlike for other critically ill ANZ patients during this period51, suggesting
that disease specific interventions are important drivers of better outcomes52. Finally, they
imply that ELT rate in ANZ are much lower than reported in other developed countries, but
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that despite such low rates of ELT, overall mortality is at least equivalent to that reported from
other developed countries.
Strengths and weaknesses
Our study has several strengths. First, the data were derived from one of the largest, most
inclusive and comprehensive intensive care databases in the world, with very high levels of
data completeness and reliable recording of patient outcomes53. The findings come from over
one million ICU patient episodes and describe patient characteristics at the time of ICU
admission, illness severity and hospital outcomes across the entire population of two
countries for the whole of a ten-year period. Through the exclusion of patients coded for preexisting liver disease, we can be confident of ALF classification. Second, through the
collection of 109 clinical variables on every patient, we could define illness severity and
patient outcomes in detail. This allows comparisons between patient groups across a range
of parameters and provides insights on clinically relevant differences. Third, the data
collected for submission to the CORE APD includes APACHE III variables (including age,
acute physiology, admission diagnosis and chronic health status) that are widely collected by
ICU clinicians around the world. This provides an opportunity for future comparisons with
studies from other jurisdictions where APACHE III data are routinely collected as part of
existing practice. Finally, data obtained from the ANZ Liver Transplant Registry, which
records all liver transplant related activity in ANZ, including all instances of liver
transplantation for ALF allowed us to derive an approximate population-based ELT rate for
both countries.
Our study has several potential weaknesses. As with all retrospective research based on
administrative processes for data collection, there is the possibility of miscoding or other
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similar errors. The incidence of ALF might be underestimated if the reason for admission was
incorrectly recorded as overdose, coma or severe sepsis. However, as the data are used for
comparative benchmarking purposes, units that submit data ensure that processes are
accurate and reliable and data quality is regularly evaluated for the purposes of quality
improvement. This system also has data quality processes to evaluate for systemic errors
and provide regular reporting to all submitting units regarding errors. Another weakness is
that the database records only the admission diagnosis (acute liver failure in this case), but
not the underlying cause. As such, we are unable to determine the aetiology of ALF in our
cohort, preventing exploration of the relationship between aetiology and outcomes, and
limiting the comparison with other reports. A further issue is that while most ALF patients are
critically ill and require ICU admission, it is possible that a small number are managed on
general wards and therefore not captured by the CORE APD. While we evaluated over one
million ICU admissions, the actual number of patients with ALF was very small, limiting our
ability to draw firm conclusions about some comparisons, such as changes in outcome over
time, which failed to reach our criteria for statistical significance. Finally, we could only
analyse data about illness and therapies as collected for the purposes of routine submission
to the database which means that potentially relevant information (lactate, INR, liver function
tests) was not available for analysis. Several previous studies have demonstrated that
outcomes for ALF are highly dependent on these factors5,26,54,55, and a more detailed analysis
that is inclusive of these additional considerations may assist in predicting outcomes and the
advancement of treatment strategies.
Conclusion
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In conclusion, the current study is one the largest and, to our knowledge, the most inclusive
study of ALF to date. Our findings confirm that ALF patients are a unique population amongst
the critically ill, with a high mortality despite relatively young age. Gender patterns and patient
characteristics are consistent with previous studies, but ANZ patients are older and, in
keeping with our hypothesis, less likely to undergo ELT than patients in other regions.
However, their overall outcomes are similar to those previously reported in the literature.
These findings provide the basis for future interventional trials of ALF management among
such patients in ANZ.
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