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Evaluation of outcome and performance of an intensive care unit
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Background: Intensive care unit (ICU) consumes large amount of resources to manage critically ill
patients. It is important to evaluate the outcome and performance of ICU service for optimization of
resource allocation.

Methods: We analysed the demographic data and outcomes of patients admitted to our ICU between 1
January, 2007 and 31 December 2014.

Results: Totally 8,037 records were analysed. The annual admission was around 1,000. The mean age
of the patients ranged from 57.87 to 59.98 years old and there was male predominance. Almost half of the
admissions were non-operative cases. For the post-operative admissions, about half of them had emergency
surgeries and the other had elective surgeries. The mean Acute Physiology and Chronic Health Evaluation
(APACHE) IV acute physiological score (APS) ranged from 57.78 to 64.01. The overall readmission rate
was 4-5% and about 1.5% of patients were readmitted within 72 hours. The mean length of stay (LOS) was
around 5 days and the median LOS was about 2.5 days. The ICU mortality rate was approximately 10%
and the hospital mortality rate was approximately 20% respectively. After risk adjustment, the standardized
mortality ratio (SMR) was about 0.8 and the LOS ratio was about 1.

Conclusions: The case-mix of the patients in our ICU was comparable from 2007 to 2014. During the
study period, there was no wide fluctuation of the ICU outcome and performance in terms of SMR and LOS

ratio.
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Introduction the performance of ICUs in their own countries (2-5). They

define a number of indicators which are used for monitoring

Intensive care unit (ICU) service is both labour and and benchmarking the outcomes and quality of care (6-8).

resources intensive as it manages patients who are critically Such indicators include occupancy rate, crude hospital

ill. It was estimated that the cost of care of a patient in ICU mortality rate, risk adjusted hospital mortality rate, length

was 6 times as much as in general ward (1). As a result, it is
important to monitor the quality of care and performance
of ICU service.

Various overseas organizations were established to audit
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of stay (LOS) (9-13), admission rate of low risk monitoring
and readmission rate (14,15).

While crude mortality data may offer some guidance
to ICU performance, risk-adjusted mortality according to
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disease severity can improve the assessment (16-18). One
of the common tools is Acute Physiology and Chronic
Health Evaluation (APACHE) model (19,20). It provides a
scoring system to define the severity of illness taking into
account of the degree of physiological derangement as well
as the chronic health status of the patients. Accordingly, it
estimates the risk of death after adjustment for the severity
of illness. Such severity-adjusted indicators can be used to
assess performance of a single ICU over time or to compare
individual units.

In Hong Kong, Hospital Authority (HA) adopted
the APACHE IV model for monitoring the outcome
and performance of ICUs. The electronic version of the
APACHE form was developed in 2006, enabling automatic
capture of physiological data.

Such clinical registry collects a standardised set of
de-identified data from contributing ICUs. Since data
management is independent of the providers, it enables
accurate interpretation of results. The database contained
useful information on the availability and utilisation of
ICU resources, patient outcomes, disease patterns and the
effectiveness of ICU interventions. As a result, it serves as a
valuable tool for quality assurance. Moreover, it facilitates
development and implementation of strategies to improve
intensive care services delivery in Hong Kong.

Methods
Data analysis

Our hospital is a tertiary referral centre with more than
1,500 beds. It is a regional centre for trauma, major
surgeries and many medical subspecialties in Hong Kong.
Its ICU provides both medical and surgical intensive
care services. The aim of this study was to benchmark
the outcome and performance of our ICU based on the
APACHE IV model.

All first admissions to our ICU from 2007 to 2014 were
collected. Patients with unknown hospital vital outcome
and data of discharge, an ICU LOS of fewer than 4 hours,
and patients less than 16 years of age were excluded for
analysis. The worst physiological variables within the first
24 hours after ICU admission were collected. These data
were recorded by clinical information system (CIS) of ICU
and were automatically uploaded to the database.

The expected LOS and mortality rate were derived from
APACHE acute physiological score (APS), chronic health,
type of admission, lead time by the APACHE IV model and
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disease categories. The LOS ratio was calculated as the ratio
of actual LOS to the expected LOS and the standardized
mortality ratio (SMR) as the ratio of actual mortality to
expected risk of death. Patients discharged to other ICUs,
with non-scoring APACHE diagnosis, including burns,
CABG and medical diagnosis not specified were excluded
for calculation.

Statistical methods

Data were analysed using the Statistical Package for the
Social Sciences (Windows version 15.0; SPSS Inc., Chicago,
IL, US). Descriptive statistics were used to report the
results. Variables were reported using mean and standard
deviation (SD) (21), except where otherwise indicated. Chi
square test was used for comparisons of categorical data
respectively. All P values of less than 0.05 were considered
significant.

Results
Demographics

The database, exclusive of ICU readmissions for both the
same and separate hospital admission (n=383), age less than
16 or missing (n=2) and patients having ICU LOS less than 4
hours (n=99), contained records of 8,037 patients for analysis.
A total of 7,885 patients were included for calculation
of APACHE IV SMR and LOS ratio as 31 patients
were discharged to other ICUs and 121 patients had non-
scoring APACHE 1V diagnosis.

The annual ICU admissions were about 1,000. The
mean age of patients admitted to our ICUs ranged from
57.87 to 59.98 years old and there was male predominance
(1able 1). The distribution of age showed a bimodal pattern,
which peaked in the range of 46-55 years and 76-85 years
(Figure 1). Most of the patients admitted to ICU did not
have chronic health problems as defined by the APACHE
IV model. From the study, approximately half of the
admissions were from operation theatres and the other
half from general wards, emergency department or other
hospitals. Among the post-operative cases, almost half of
them underwent elective surgeries and the other half had
emergency surgeries. The proportion of admission from
emergency department was quite constant at around 10—
15% except in 2007 (Table 1).

From 2007 to 2014, the mean APACHE IV APS ranged
from 57.78 to 64.01. The distribution of APS skewed to the
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Table 1 Demographics and outcome of patients admitted to ICU 2007-2014
Variables 2007 2008 2009 2010 2011 2012 2013 2014
Epidemiology
Number of admission 835 938 1076 969 1,022 1,036 1,087 1,074
Age, mean, year (SD) 59.45(17.33) 59.21(17.13) 59.03 (17.17) 59.98 (17.03) 58.2 (17.17) 59.07 (17.63) 58.43 (17.37) 57.87 (16.80)
Male (%) 58.68 63.01 59.67 62.13 58.02 58.78 60.26 60.15
No chronic health (%) 74.25 91.36 87.92 85.35 86.40 85.23 88.96 86.50
Admission
Elective operative (%) 20.84 22.92 20.72 23.74 23.09 25.19 26.13 27.84
Emergency operative (%) 27.66 22.17 24.91 24.77 22.41 26.35 23.83 27.93
Non operative (%) 51.50 54.90 54.37 51.50 54.50 48.46 50.05 44.23
Specialty
Medical (%) 44.07 44.35 4415 40.25 42.96 40.93 40.66 35.01
Surgical (%) 38.68 37.85 38.20 39.83 36.01 38.71 40.20 42.37
Direct admission from Emergency 1.44 10.13 10.78 10.63 10.27 15.54 13.25 12.66
Department (%)
APACHE APS mean (SD) 64.01 (35.07) 58.87 (31.45) 58.36 (31.72) 58.5(30.20) 58.77 (32.60) 59.42 (34.92) 57.78 (34.08) 59.55 (36.13)
Length of stay
Mean day (SD) 5.38 (8.96) 5.31(7.75) 4.96 (7.55) 5.05 (6.76) 5.16 (7.94) 5.69 (8.83) 5.84 (10.02) 5.27 (9.69)
Median day 2.08 2.64 2.1 2.61 2.61 2.61 2.61 2.56
Readmission
Within 72 hours (%) 3.06 1.41 1.47 1.75 1.21 1.37 1.22 1.76
Total (%) 7.75 4.53 5.19 4.86 3.54 4.38 4.01 4.31
Mortality rate
ICU mortality (%) 7.90 11.94 9.20 8.98 8.81 10.81 9.84 9.87
Hospital mortality (%) 20.24 20.15 16.82 17.85 15.46 18.34 18.49 16.67

ICU, intensive care unit; SD, standard deviation.

left with the peak in the range of 21-30. The incidence then
declined with increase in the APS but it rose slightly again
in the range greater than 120 (Figure 1)

Outcome and performance

The total readmission rate was in the range of 4-5%.
Among them, about 1.5% of the patients were readmitted
within 72 hours. There was a discrepancy between median
LOS and mean LOS. The median LOS was around 2
days while the mean LOS was in the range of 4-5 days.
The majority of patients stayed in ICU in the range of
0-2 days and only a small proportion of patients stayed in
ICU over 14 days (Figure I). The overall mean LOS ratio
was about 1 from 2007 to 2014 (Table 2).

The crude ICU mortality rate was about 10% and the
crude hospital mortality rate was around 20% (Table I). The
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crude hospital mortality rate of elective postoperative patients
was much lower than that of emergency postoperative and
non-operative patients (7Tuzble 3). From 2007 to 2014, the
crude hospital mortality rate for elective postoperative
cases was 4.01%, compared to 19.82% for emergency post-
operative cases (OR =4.95, 95% CI 3.85-6.36, P<0.001) and
23.50% for non-operative cases (OR =5.87, 95% CI 4.62—
7.44, P<0.001). In addition, the crude hospital mortality rate
was found to have a positive association with age, APACHE
APS and LOS (Figure I). The overall SMR was about 0.8
during the study period.

From 2007 to 2014, the outcome in term of readmission
rate, LOS, ICU mortality and crude hospital mortality were
quite constant. Moreover, there was no wide fluctuation in
the outcome of patients in term of SMR and LOS ratio after
adjustment of severity of illness according to the APACHE
IV model.
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Figure 1 Distribution of age, APACHE IV APS and length of stay of patient in ICU and their correlations with crude hospital mortality
rate: 2007-2014. APACHE, Acute Physiology and Chronic Health Evaluation; APS, acute physiological score; ICU, intensive care unit.

Table 2 Risk-adjusted outcomes in terms of LOS ratio and SMR: 2007-2014

Risk-adjusted outcomes 2007 2008 2009 2010 2011 2012 2013 2014
Numbers of patients 775 929 1,062 964 1,005 1,027 1,068 1,055
included for calculation#

LOS ratio 0.98 1.01 0.98 0.95 0.98 1.07 1.16 1.08
SMR (95% ClI) 0.73 (0.62-0.86) 0.88 (0.76-1.01) 0.73 (0.63-0.84) 0.79 (0.68-0.92) 0.69 (0.59-0.81) 0.78 (0.67-0.90) 0.82 (0.71-0.94) 0.73 (0.62-0.84)

#, Patients with unknown hospital vital outcome and data of discharge, an ICU LOS of fewer than 4 hours, patients less than 16 years of age, patients
discharged to other ICUs, with non-scoring APACHE diagnosis, including burns, CABG and medical diagnosis not specified, were excluded for analysis. LOS,
length of stay; SMR, standardized mortality ratio.

Table 3 Crude hospital mortality rate of elective postoperative, emergency postoperative and non-operative patients: 2007-2014

Crude hospital mortality rate 2007 2008 2009 2010 2011 2012 2013 2014
Elective operative (%) 5.75 3.72 4.04 4.35 4.24 3.83 4.58 2.34
Emergency operative (%) 22.51 25.96 17.54 17.92 13.97 19.05 19.69 22.33
Non operative (%) 24.88 24.66 21.37 24.05 20.83 25.50 25.18 22.11
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Discussion

Variation in patient characteristics, including admission
source, parent specialties, APS and disease categories may
affect the outcome and performance of ICUs, such as
average LOS and crude hospital mortality rate (22-24).
Such differences may be related to the referral pattern
of the parent specialties and admission policy of ICUs,
which in turn affect the access of critical patients to ICU.
It is partly reflected by the APS of the patients which is an
indicator of the severity of the illness (25,26). For example,
for patients with severe sepsis, the outcome can be improved
by early resuscitation and early antibiotics administration.
It was advocated that such aggressive treatment should
be started early at emergency department and the patient
should be directly transferred from emergency department
to ICU as soon as possible. In this way, it may lead to less
physiological derangement and may have a positive impact
on the outcome of the patients (27).

High readmission rate of ICU may be due to premature
discharge as a result of high occupancy rate (28). It was
found that a high ICU occupancy rate had an adverse effect
on the mortality rate (14,18,29). A high occupancy rate
may lead to forced early discharge, high readmission rate
or denial of admission (30) for the critically ill patients. In
some studies, the recommended occupancy rate was about
80% (28). The ideal occupancy rate should not be exceeded
to ensure no denial of or delay in ICU admission (10).
Critically ill patients should gain access to ICU whenever
it was indicated according to objective assessment of
physiological criteria. On the other hand, low occupancy
rate may reflect underutilization of ICU resources.

There is no single appropriate statistical indicator for LOS
so both mean and median LOS were provided in this report.
The distribution of LOS is usually skewed to the left as a
higher proportion of patients are discharged early. The median
LOS is a better reflection of the distribution as it reflects the
LOS of the majority of the patients. The mean LOS is a more
superior indicator of bed demand and resources (22,28). If
an ICU admits a higher proportion of patients with lower
APACHE score, there may be a greater discrepancy between
the median and mean LOS as the LOS of such patients is very
short, usually in terms of 1 to 2 days.

The LOS is affected by such factors as disease categories
and severity, etc. Therefore, risk-adjusted LOS ratio is a
better reflection than the actual LOS. When an individual
ICU has a satisfactory SMR, LOS of ICU survivors lower
than expected might result from effective and efficient
provision of care or early discharge of patients to facilities
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of intermediate care (15). Conversely, in the presence of
a satisfactory SMR, difference in LOS of non-survivors
may arise from discrepancies in limitation of life sustaining
treatment in case of medical futility (28).

Understandably, age, APACHE IV score and LOS
correlated with mortality and it was consistent with the
findings of other studies (5,11,13,14). In general, those
ICUs with a lower APACHE score tend to have a lower
ICU mortality rate. If an ICU admits more elective post-
operative patients, the crude mortality rate is lower as their
risk of death of such patients is low (31). Our ICU is a
tertiary referral hospital and many ultra-major operations
are performed. These patients are admitted to the ICUs
for close monitoring post-operatively as they have a higher
chance of developing major surgical complications. They
are usually stable after operation so their APACHE IV
APS is lower. Development of major complications is
uncommon so their mortality rate is much lower compared
to emergency operative or non-operative cases.

Support from other specialties may also play a crucial
role (15). For operative patients, earlier detection of
surgical problems and earlier interventions before major
deterioration will lead to improvement of outcome.
Therefore, adequate support from other specialties may also
affect the outcome of ICU patients.

Many studies showed that there was loss of calibration
of APACHE model over time with a trend of gradual
reduction in SMR (10,25). In a study in Australia and New
Zealand, it was found that there was steady decrease in SMR
over 10-year period (16). It was suggested to be related to
changes in actual mortality rate and case-mix of patients.
Other possible contributing factors included invention of
new treatment modalities and adoption of new treatment
guidelines. However, such trend of reduction in SMR was
not evident in our study.

The strength of our study is high accuracy of the
data as most of the data were captured by computer
automatically. It significantly eliminated human errors of
data transcription. However, there are certain limitations of
current study. One of such limitations is that the APACHE
model was developed in USA and its application in ICUs
outside USA has not been validated (10,11,13). It is
doubtful whether such model can be applied to our patients
in Hong Kong and calibration of the model with our local
patients may be needed. In a local study, it was found
that the APACHE II and SAPS II models provided good
discrimination power but the calibration was poor for the
ICU patients in Hong Kong (32).

jeccm.amegroups.com F Emerg Crit Care Med 2017;1:16
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Conclusions

This study employed validated risk-adjusted APACHE IV
model to evaluate the outcome and performance of an ICU
in a tertiary centre in Hong Kong. It was found that the
case-mix of our ICU was quite constant during the study
period. About half were medical cases and half were surgical
cases. For the surgical cases, around 50% underwent elective
surgeries and the others had emergency surgeries. Almost
10-15% of admissions were directly from emergency
department. There was no marked fluctuation in the severity
of illness of our patients. The average LOS was about 5 days
and the crude hospital mortality rate was about 20%. After
risk adjustment, the SMR was about 0.8 and the LOS ratio
was about 1.

This study showed that APACHE IV model was useful
in longitudinal monitoring the outcome and performance of
our ICU and there was no wide fluctuation of outcome in
terms of SMR and LOS ratio from 2007 to 2014.
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