
C

I
r

R
a

b

c

d

e

a

A
R
R
A

K
I
O
S

1

e
c
s
c
i
b
o
t

i

m

(
j

0
d

Resuscitation 81 (2010) 198–201

Contents lists available at ScienceDirect

Resuscitation

journa l homepage: www.e lsev ier .com/ locate / resusc i ta t ion

linical paper

mpact of an ICU Liaison Nurse Service on major adverse events in patients
ecently discharged from ICU�

uth Endacotta,b,∗, Wendy Chaboyerc, John Edingtond, Lukman Thalibe,c

La Trobe University, Bendigo, Australia
University of Plymouth, UK
Research Centre for Clinical and Community Practice Innovation, Griffith University Gold Coast Campus, PMB 50, Gold Coast Mail Centre, QLD 9726, Australia
Intensive Care, Bendigo Health, PO Box 162, Bendigo, VIC 3552, Australia
Faculty of Medicine, University of Kuwait, Kuwait

r t i c l e i n f o

rticle history:
eceived 21 April 2009
eceived in revised form 8 October 2009
ccepted 8 October 2009

eywords:
ntensive care
utcomes
afety

a b s t r a c t

Aim: To identify the effect of an ICU Liaison Nurse (LN) on major adverse events in patients recently
discharged from the ICU.
Methods: Case–control study using a chart audit protocol to assess controls retrospectively and cases
prospectively. Controls did not receive ICU-based follow-up care. Cases received at least three visits over
3 days from the ICU LN. The LN service operated 7 days/week 0800–1800. Data on a range of predictors
and three major adverse events (unexpected death, surgical procedure needed, and transfer to a higher
level of care) were collected using a purpose built audit form.
Results: A total of 388 patients (201 controls and 187 cases) were included in the study. Demographic and
clinical characteristics were similar for both groups. A total of 165 major adverse events were identified in

129 patients. After controlling for all other potential predictors, patients who received the LN intervention
were 1.82 times more likely to be transferred to a higher level of care (P = 0.028) and 2.11 times more
likely to require a surgical procedure (P = 0.006). Surgical patients were 7.20 times as likely to require a
surgical procedure (P < 0.001).
Conclusions: Our results support the claim that ICU LN has a role in preventing adverse events. However
as the control data was retrospective and the study was conducted at one site, other unknown factors
may have influenced the results.

© 2009 Elsevier Ireland Ltd. All rights reserved.
. Introduction

Patients who have recently been transferred from ICU to a gen-
ral ward represent a vulnerable group who often have complex
are needs1 which places them ‘at risk’1–3 because general ward
taff may not have the knowledge or skills to provide appropriate
are.4–7 Bledon et al.4 demonstrate that an increased rate of med-

cation errors, lack of care coordination and poor communication
etween medical and nursing staff occur with more acute patients
n the ward, and assert that health system reform must address
hese problems. Managing high acuity patients on the ward also

� A Spanish translated version of the abstract of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2009.10.011.
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adversely affects the quantity and quality of care available for less
dependent patients.8

Recently in Australia the use of an ICU Liaison Nurse (LN) service
has emerged to improve the transitional care of patients from the
ICU to the ward9,10; however little is known about its effect on
patient outcomes. To that end, we report on a study that examined
the effect of an ICU LN service on major adverse events occurring
in patients in the first 3 days after transfer from ICU to the ward.

The major responsibilities of ICU LNs are to facilitate ICU patient
discharge, follow up, assessment and support, to manage unstable
patients in ward areas and to provide a critical care resource for
ward staff. ICU LN services range from 5 to 7 days/week services,
with hours ranging from 8 to 24.11–13 ICU LN services have been
shown to decrease ICU discharge delay14 and improve ICU nurses’

9
perceptions of discharge planning, and have been well received by
ward staff.15 Less is known about their effect on patient outcomes
such as cardiac arrests and ICU readmissions, although one recent
cohort study did not show that access to an ICU LN service predicted
the occurrence of adverse events.16
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. Aims of the study

The aim of this study was to identify the effect of an ICU LN
ervice on major adverse events in patients recently discharged
rom the ICU.

Two research questions were derived from this aim:

. What is the frequency of major adverse events in two groups of
patients, those who receive and do not receive care from the ICU
LN service, in the 72 h after discharge from ICU to a medical or
surgical ward?

. What are the predictors of major adverse events in the 72 h after
patients are discharged from ICU to a medical or surgical ward?

. Methods

A case–control study using a chart audit protocol was used
o answer the research questions. Controls were reviewed retro-
pectively and cases prospectively. The study was conducted from
anuary 2005 to January 2006.

. Sample

This study was set in one regional hospital with 220 beds in Vic-
oria, Australia. All patients discharged from ICU were included in
he study if their ICU length of stay was 24 h or longer. Patients
ere included only once, on their first admission to the ICU,
uring the study period. Patients who were transferred to other
ospitals or discharged directly home were excluded from the
tudy.

. Intervention

The LN intervention was provided 10 h per day (0800–1800), 7
ays a week, similar to ICU LN service provision across Australia at
he time of the study.10,12,13 Each LN was an experienced Registered
urse with specialist critical care qualification. Additional training
as provided to the LNs to standardise the intervention. LNs vis-

ted patients at least daily for the first 3 days after ICU discharge.
uring this visit, they assessed the patient clinically, reviewed their
harts, discussed concerns with patients and provided support and
nformal education to staff caring for these patients.

. Predictors and outcomes

We used the generally accepted definition of adverse event:
an unintended injury resulting from health care management, rather
han the disease process”.17 Previous studies have also focused on
ntecedents of major adverse events18–20 generally defined as
nexpected deaths, cardiac or respiratory arrest, severe respiratory
istress and ICU readmission. We examined three major adverse
vents: unexpected death, transfer to a higher level of care (either
igh dependency or ICU readmission), and unplanned requirement

or surgery. Potential predictors of adverse events that were mea-
ured were: age, surgical admission, APACHE II, ICU length of stay
LOS), hours of mechanical ventilation, day of ICU discharge (week
ay or weekend) and time of ICU discharge (in hours 0800–1800,
ut of hours 1801–0759).

. Data collection
A chart audit was used to collect the data. This audit occurred
etrospectively for the controls and prospectively for cases.

slightly modified case record form developed in previous
tudies16,21 was used by a Research Assistant (RA) to extract chart
on 81 (2010) 198–201 199

data. The RA was an experienced Registered Nurse who underwent
training in the protocol and who was unaware of the aim of the
study. The chart audit protocol involved careful reviewing of the
patient’s medical records including various flow sheets, medica-
tion records, medical and nursing notes. During this review, data
was extracted and recorded on a paper case record form. When
adverse events were identified, additional supporting secondary
information was sought.

8. Data analysis

Descriptive statistics were used to identify the characteris-
tics of the sample and the frequency of major adverse events.
t-Tests and chi-square tests were used to identify differences
between cases and controls in terms of demographic and clini-
cal characteristics. The association between the LN intervention
and the incidence of each of the major adverse events was first
determined using a univariate logistic regression. Crude odds
ratios along with 95% confidence interval and the associated P
values were calculated. Then, stepwise multiple logistic regres-
sion modelling was used to determine which of the potential
predictors along with LN intervention, were significantly and
independently associated with each major adverse event. Using
the stepwise method, only those variables that are significant
are retained in the model. Separate models were fitted for each of
the major adverse events. Adjusted odds ratios and 95% confidence
intervals along with the P values are reported.

Ethics approval to conduct the study was obtained from two uni-
versities and one hospital. Individual patient consent was waived.

9. Results

A total of 388 patients (201 controls and 187 cases) were
included in the study. Demographic and clinical characteristics
were similar for both groups (Table 1). Both groups’ average age
was just under 70 years and included more males than females.
Both groups had an average ICU length of stay of less than 4 days
and an average hospital stay of 12 days. Just over 20% of both groups
were discharged from ICU out of hours or during the weekend.

Table 2 identifies the frequency of adverse events and the effect
of the LN on these events using simple (i.e. univariate) logistic
regression. A total of 165 major adverse events were identified, 67
in the controls and 98 in the cases, with some patients experienc-
ing more than one adverse event, for example surgical procedure
required and transfer to a higher level of care. A total of 129 patients
(32%) experienced at least one major event, 52 (25%) controls and 77
(41%) of cases. In this crude analysis, those who received the LN ser-
vices were 1.88 times more likely to be transferred to a higher level
of care than controls and 1.85 times more likely to require a surgi-
cal procedure; both of these results reached statistical significance
(see Table 2).

Table 3 identifies the independent predictors of major adverse
events using stepwise multiple logistic regression. No variables
were predictive of unexpected death, therefore this outcome is not
displayed in the table. ICU length of stay and timing of ICU dis-
charge were not related to any of the outcome variables that we
studied. After controlling for all other potential predictors, patients
who received the LN intervention were 1.82 times more likely to
be transferred to a higher level of care and 2.11 times more likely

to require a surgical procedure, both statistically significant find-
ings. A one point increase in APACHE II score was associated with
a 7% increase in the likelihood of requiring a surgical procedure
Surgical patients were 7.20 times to require an unplanned surgical
procedure, another significant finding.
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Table 1
Characteristics of the sample.

Characteristic Control (retrospective)
N = 201 (51.8%)

LN intervention (prospective)
N = 187 (48.2%)

P-Value

Median (range) Median (range)

Age 69 (19–97) 68 (0–100) 0.720
APACHE II 15 (4–50) 14 (2–41) 0.509
ICU LOS (h) 40 (4–782) 44 (3.8–551.5) 0.378
Hospital LOS (days) 12 (2–212) 12.1 (1.3–98.5) 0.548
Mechanical ventilation (h) 0 (0–726) 0 (0–420) 0.903

Characteristic Control (retrospective)
N = 201 (51.8%)

LN intervention (prospective)
N = 187 (48.2%)

P-Value

Freq (%) Freq (%)

Male 112 (56.0) 103 (55.7) 0.949
Out of hour D/C (0800–1800) 154 (76.6) 142 (75.9) 0.875
Weekend D/C 40 (19.9) 47 (25.8) 0.167
Surgical patient 141 (70.1) 127 (67.9) 0.634

LOS: length of stay; D/C: discharge.

Table 2
Association between types of major adverse events and the LN intervention quantified by crude odds ratios and 95% confidence intervals obtained using simple logistic
regression.

Adverse event Total sample
N = 388 (%)
Freq (%)

Control
N = 201 (51.8%)
Freq (%)

LN intervention
N = 187 (48.2%)
Freq (%)

Crude odds
ratio (95% CI)

P-Value

Transfer to higher care 71 (18.3) 28 (13.9)
Surgical procedure required 81 (20.9) 32 (15.9)
Unexpected death 13 (3.4) 7 (3.5)

Table 3
Independent predictors for each type of adverse events (multiple logistic regression)
expressed as adjusted odds ratio (95% CI) and P-value.

Predictor Transfer to
higher level
of care

Surgical
procedure
required

LN intervention 1.82
(1.07–3.09)
0.028

2.11
(1.24–3.58)
0.006

APACHE II NA 1.07
(1.04–1.11)
<0.001

Surgical admission 0.54
(0.32–0.94)

7.20
(3.21–16.14)
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guidelines for the management of acutely ill patients1 also iden-
0.028 <0.001

N: Liaison Nurse; NA: not applicable as the variable was not retained in the stepwise
nalysis.

0. Discussion

Just under 400 patients were included in this case–control study
f major adverse events after ICU discharge. Cases and controls
ere similar in all demographic and clinical characteristics.

In this study, 165 major adverse events were experienced by
29 patients, i.e. just under 32% of patients experienced at least
ne major adverse event. This is higher than a previous Aus-
ralian study of adverse events after ICU discharge with Chaboyer
t al.16 reporting that 11% of patients experienced a major adverse
vent in the 3 days after ICU discharge. A number of factors may
ave influenced our higher rate. First, in the previous study the
efinition of major adverse events was slightly different to ours
nd included unexpected death, cardiac/respiratory arrest, and
eadmission to ICU.16 Importantly, our current study included

equiring surgical procedure as a major adverse event, whereas
haboyer et al.16 did not; in our study, 81 patients – 32 (15.9%)
ontrols and 49 (26.2%) cases – experienced this adverse event.
second and important reason that may explain the differences

etween the two studies is that the current study was undertaken
43 (23.0) 1.88 (1.14–3.09) 0.014
49 (26.2) 1.85 (1.09–3.12) 0.022

6 (3.2) 0.92 (0.30–2.79) 0.881

in a regional hospital with fewer and less experienced medical
staff.22

It is acknowledged that patients discharged from ICU are at risk
of deterioration, although precise numbers in this category can-
not be estimated.1 Previous studies report ICU readmission rates
between 3.3% and 12%.23–26 However, our study also included
patients transferred to HDU, which may explain the higher rate of
transfer. Both controls and cases had more surgical patients (71%
and 68%, respectively); this may explain the high number requiring
an unplanned surgical procedure.

The relationship between the ICU LN intervention and requiring
a surgical procedure and the transfer to a higher level of care were
both significant in the multivariate analysis. This suggests that the
ICU LN may function as a safety mechanism, identifying the need for
an increased level of care. This will inevitably be accompanied by an
increase in costs but also likely better outcomes; costs of outreach
services such as the ICU LN should also be weighed against costs
associated with adverse events.

Our results suggest that there may be a deficiency with the
level of vigilance that ward staff can provide. We did not examine
this specifically, but previous work has demonstrated that inexpe-
rienced nurses and doctors in general wards may not be able to
provide the complex care that patients require.22

Previous studies have shown that early detection of deterio-
ration and timely interventions are essential to minimise adverse
events.1,18,22,27 Our results suggest that these are improved when
an ICU LN service is in place. The presence of highly experienced
nurses on the ward cannot be assured22 and there have been calls
for specific training in the discrimination between stable and dete-
riorating clinical conditions.18 Our data were collected for 3 days
following ICU discharge, which may be a key window during which
expertise should be provided for complex patients. The UK clinical
tify the period following discharge from ICU as a point at which the
patient is at risk of deterioration. As a minimal level of intervention,
it is important to identify who is doing what for patients during this
time (when they are most at risk).
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APACHE II scores on admission to ICU were a statistically sig-
ificant predictor of requiring a surgical procedure. This result is
ifficult to explain. Given that APACHE II includes chronic health
valuation, it may be that patients with high APACHE II on admis-
ion were also discharged from ICU with greater co-morbidities.

0.1. Limitations

This study has a number of limitations. First, as controls were
etrospective, it is possible that other factors influenced our find-
ngs, but as mentioned previously, no major policy or practice
hanges were identified during the study period. Second, adverse
vents were identified using chart audits. It is possible that some
ajor adverse events may not have been charted, and therefore

ot identified in our audit; however this is unlikely given the three
ajor adverse events we studied. Third, while the LNs underwent

raining and had a clear role description, it is possible that there
as variation in the way the role was enacted, which could have an

ffect on the outcomes. Finally, it is well established that a series of
vents leads to an adverse event28: Reason29 proposed a ‘3 bucket’
odel of error likelihood with factors related to the clinician, the

ontext, and the task likely to increase error. There may be impor-
ant variables surrounding adverse events that were not measured
n this study. Many of these contextual variables would not be suit-
ble for collection from chart audit; however, chart audit remains
n important research method to examine adverse events.30,31

1. Conclusions

Our results support the role of the ICU LN in preventing adverse
vents after ICU discharge. However given control data was retro-
pective and the study was conducted at one site, a number of other
nknown factors may have influenced the results. The number of
dverse events reported in this study suggests that contextual and
rganisational factors should be explored further.
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