Australian Critical Care 32 (2019) 494—501

Contents lists available at ScienceDirect o e

Australian

Australian Critical Care

journal homepage: www.elsevier.com/locate/aucc

Research paper

A nurse-led critical care outreach program to reduce readmission to
the intensive care unit: A quasi-experimental study with a historical
control group

Check for
updates

Hang Mui So, RN, DNurs
Wing Wa Yan, MBBS, MSc (CUHK) ¢
Sek Ying Chair, RN, PhD > ”

2 Department of Intensive Care, Pamela Youde Nethersole Eastern Hospital, 3 Lok Man Road, Chai Wan, Hong Kong SAR, China
b The Nethersole School of Nursing, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong SAR, China

ARTICLEINFORMATION ABSTRACT
Article history: Introduction: Various critical care outreach services have been developed and evaluated worldwide;
Received 2 May 2018 however, the conflicting findings indicate the need to strengthen the outreach service research. This

Received in revised form
7 November 2018
Accepted 11 November 2018

study aimed to evaluate the effects of a nurse-led critical care follow-up program on intensive care unit
(ICU) readmission and hospital mortality in patients with respiratory problems discharged from the ICU
in Hong Kong.
Methods: A quasi-experimental study design, with a historical control and a prospective intervention for
13 months, was used. The intervention group received a nurse-led, multidisciplinary ICU follow-up
Intensive care unit program in addition to the usual care. The outcome measures included ICU readmission within 72 h
Readmission after ICU discharge, all ICU readmission (ICU readmission irrespective of the time frame after ICU
Mortality discharge), hospital mortality, and 90-day mortality rate. Logistic regression analysis was used to
Follow-up program determine the predictors for ICU readmission within 72 h.
Results: A total of 369 participants (the intervention group: 185; the control group: 184) were recruited.
A significant reduction in ICU readmission within 72 h was observed in the intervention group compared
to the control group (p = 0.001), even after controlling for confounders (odds ratio: 0.158, p = 0.007). The
intervention group also demonstrated a significant reduction in all ICU readmission (p < 0.001) and
hospital mortality (p = 0.042), but not on 90-day mortality (p = 0.081), when compared with the control
group. This nurse-led ICU follow-up program was shown to be cost-effective, saving an estimated US$
145,614 for a period of 13 months.
Conclusion: The findings demonstrated that a nurse-led multidisciplinary ICU follow-up program was a
beneficial and cost-saving strategy to avert ICU readmission in patients with respiratory problems after
ICU discharge. It also highlighted the competent role of ICU nurses in planning and leading the imple-
mentation of a multidisciplinary program. The results contributed to the database of an innovative
follow-up program to inform the practice worldwide.

© 2018 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
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1. Introduction US $ 81.7 billion which represented 13.4% of hospital costs, 4.1% of
national health expenditure, and 0.66% of the gross domestic

Health care on intensive care units (ICU) focuses on the most product." A study in four European countries including Germany,
critically ill patients and consumes a significant portion of medical Italy, Netherlands, and United Kingdom reported a direct cost per
expenses. In the United States, the critical care costs in 2005 were ICU day ranging from US$ 1,385 to US$ 2,401.2 In Hong Kong, an
estimated cost per ICU bed per day is US $ 3,129.° Therefore,
intensive care services require high expenditure. Readmission to
ICU could further increase the consumption of costs and medical
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Readmission to ICU within 72 h after ICU discharge is known as
early readmission® and that from 72 h to seven days is known as
late readmission.** The ICU readmission rate varies across different
countries or regions: for example, it ranges from 4 to 14% in the
United States® and 5—10% in Hong Kong.” The ICU readmission rate
is of great concern as it is associated with increased mortality and
prolonged ICU stay and hospital stay in readmitted patients.® It has
been reported that compared to those without an ICU readmission,
patients with an ICU readmission have a twofold to 10-fold increase
in mortality rate and a doubled length of ICU stay.®° In Hong Kong,
approximately 20% of patients die in hospital before ICU discharge
hospitalisation.!® ICU readmission has been recognised as a quality
indicator of critical care."! In addition, patients may experience high
risk for mortality and adverse events after their transfer from ICU. A
study in Australia reports that about 30% patients experience
adverse events including hospital-acquired infections, complica-
tions such as deep vein thrombosis, and cardiac or respiratory ar-
rest that may require ICU readmission after their transferring to
wards from ICU.'? All these highlight the importance of imple-
menting a cost-effective measure to avert ICU readmission and
reduce hospital mortality in patients after ICU discharge.

Critical care outreach (CCO) services have been provided as a
strategy to prevent ICU readmission via timely monitoring, early
detection, and management of deteriorating patients and coaching
ward nurses to equip them with knowledge and skills to take care
of patients after their transfer to the general ward.'> The CCO ser-
vices have been developed according to local needs in different
countries, such as Medical Emergency Team (MET) in Australia,'*
Rapid Response Team in the United States,'® and the CCO team in
the United Kingdom.'® For example, the Intensive Care Liaison
Nurse Service (ICU LN), which is often an important component in
MET service in Australia, is a service primarily provided by ICU
nurses and involves the provision of follow-up visits to the patients
at wards after ICU discharge and assists in urgent review of acutely
ill patients who meet the modified early warning score (MEWS)
criteria.'”’ !9 The MEWS is a track and trigger system to facilitate
ward nurses to early identify patient's deteriorating condition and
thus prompt the ward nurses to call the doctor.’*?! The MEWS
criteria are based on vital signs scores. Usually, an MEWS score of
>4 is used as a “triggering” to initiate the call. An integrative review
and meta-synthesis of the scope and the impact of ICU LN services
and outreach services concluded that these outreach services
improved communication channels between ICU and ward nurses
and reduced the incidents of adverse events in wards as well as ICU
readmission.”?

Despite the wide implementation of CCO services, a clear or an
optimal typology of CCO services is lacking,?> resulting in the wide
variations in CCO services such as staffing (e.g., nurse-led or
doctor-led), the services provided (e.g., direct bedside support on
general wards or telephone “hotline” advice), and the patients
targeted (e.g., all patients discharged from the ICU or those with
high risk for ICU readmission), as well as the conflicting results
regarding the effectiveness of CCO services on reducing ICU
readmission.>?* Another variant CCO model is the Australian ICU
LN Service, which has been implemented as a separate service
from MET service in many hospitals in Australia and may have the
potential to avert ICU readmission in a cost-effective way.”?
Currently, there is no such CCO service or ICU LN service imple-
mented in Hong Kong, leaving the beneficial effects of such service
in Hong Kong ICU patients unknown. In this study, we developed
an outreach service similar to the ICU LN model but with support
from ICU doctors and evaluated the effects of this service on ICU
readmission and mortality rates in patients discharged from the
ICU with primary respiratory problems. These patients were
chosen because of their high risk for ICU readmission.'>?>25 In

addition, the findings of this study would help to identify the
optimal typology of CCO service.

2. Methods
2.1. Study design

This was a quasi-experimental study with a historical control
group. Those who had been admitted to ICU from September 2014
to September 2015 (13 months) were recruited for the historical
control group, whereas the intervention group included those who
admitted to ICU from October 2015 to October 2016 (13 months).
The choosing of historical control group was because it would be
unethical to deprive patients at high risk of ICU readmission from
receiving the ICU follow-up care. Participants in the intervention
group received the ICU follow-up program on top of the usual care,
whereas the control group received the usual care only.

2.2. Setting and participants

Patients were recruited from one regional hospital in the Hong
Kong East Cluster, a 2300-bed acute care tertiary hospital. The ICU
was a 22-bed mixed medical—surgical unit with an average annual
admission of 1500 patients in the study periods. Patients who met
the following criteria were included: (1) adult patients >18 years
old; (2) first ICU admission and staying in the ICU for at least 24 h;
and (3) having at least one of the following respiratory problems
associated with increased risk of ICU readmissions: (i) high respi-
ratory rate at >26/min, documented poor coughing effort, or
moderate sputum content before discharge to general wards; (ii)
use of noninvasive mechanical ventilation; or (iii) have tracheos-
tomy established during ICU stay.

Patients were excluded if they were being transferred to other
hospitals or transferred directly from the ICU to the cardiac care
unit of the study hospital. The control group was identified using
the same inclusion and exclusion criteria and using administrative
data retrieved from the Clinical Data and Report System (CDARS),
Clinical Management System, and Clinical Information System
(CIS).

2.3. ICU follow-up program

A CCO team was formed, consisting of one nurse consultant
(NC), one advanced practice nurse, and senior ICU doctors. Both the
NC and advanced practice nurse were qualified ICU nurses with at
least 10 years’ experience. This ICU follow-up program was led by
the NC. The nurse team members provided follow-up. The senior
ICU doctors supported the program and provided ICU follow-up
visits when needed.

2.3.1. Contents of the ICU follow-up program

An ICU follow-up protocol (Fig. 1) was developed and followed
by all team members and ward nurses to ensure the consistency of
the program. The ICU follow-up service was provided from 9 am to
5 pm, 7 days per week. The program contained 5 core components:
structured follow-up visits at the general wards, standardised vital
signs monitoring, the application of a revised track and trigger
system, bedside coaching of general ward nurses, and consultation.

i) Structured follow-up visits at general wards

The first follow-up visit was initiated within 24 h by the nurse
members after patients were discharged to general wards. This was
followed by two daily follow-up visits. During each visit, patients’
general health conditions and their vital signs, in terms of the
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Intervention group received the ICU Follow-up Program

ICU Outreach Team

\ 4
Provide follow-up to intervention
group at ward daily for 3 times
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Fig 1. The ICU follow-up protocol. GC = general condition; ICU = intensive care unit; MEWS = modified early warning score.

MEWS, were assessed and recorded. Based on the results of
assessment, nursing care or related actions were suggested. The
follow-up was terminated when the patient met one of the
following conditions:

a Improved general condition, as indicated by MEWS score of <2
upon the third follow-up visit. A higher score indicates more
severe heath condition.?’

b Readmitted to the ICU.

¢ Discharge home or transfer to another hospital before the third
follow-up visit; or

d Died.

ii) Standardised vital signs monitoring

Ward nurses were tasked to monitor patients' vital signs and
record MEWS results every 4 h on the first day of discharge to
general wards, four times a day on day two, and twice per day on
day three and beyond, according to the patient's condition. The
standardised vital signs monitoring allowed ward nurses to detect
early deterioration of patients' condition and initiate timely treat-
ment accordingly.

iii) Application of revised track and trigger system

The MEWS requires periodic observation of the five physiolog-
ical parameters (“tracking”) with predetermined criteria (“trig-
gering”) for calling the attendance of the doctor.”! In this study, a
lower MEWS score of >3 was used instead of the standard MEWS
trigger score of >4 as the “triggering” to initiate a call for outreach
team, as a lower “triggering” score may prevent the delayed
response to a patient's deterioration which was considered leading
to high ICU readmission rates in the study site.”

iv) Bedside coaching of ward nurses

Ward nurses were coached at bedsides by the outreach team
nurse members with the knowledge and skills about how to care for
patients with respiratory problems. Core topics covered were as
follows: (1) the importance of respiratory rate monitoring and its
relationship to patient's clinical condition'?; (2) regular vital signs
monitoring and MEWS recording and the “triggering” score to call
ICU outreach team; and (3) tracheostomy care, including examining
the characteristics of the sputum, checking the application of
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tracheal cuff pressure, and evaluating the effectiveness of the hu-
midification to the tracheostomy. Additional patient care, such as the
care of central venous catheter and the use of portable ventilator at a
patient's bedside, was provided by the outreach team when needed.

v) Consultation

Ward nurses were encouraged to consult the ICU outreach team
when in doubt about caring the post-ICU discharge patients,
especially for those with MEWS >3 or with other health concerns
such as increased pain and agitation or any abnormal values on the
MEWS.

2.4. Usual care

The usual care in wards included irregular vital signs monitoring
and the MEWS documentation. Furthermore, a standard MEWS
trigger score of >4 was used as the “triggering” to call the ward
doctor. For patients with tracheostomy, unlike the care provided in
a systemic way in the intervention group, the ward nurses per-
formed simple tracheostomy care such as daily dressing to the
tracheostomy and tracheal suctioning of sputum.

2.5. Data collection and data source

Patients were screened by the NC according to the inclusion and
exclusion criteria. The eligible patients were invited to participate
in this study. Baseline data were collected after obtaining the
written consent.

2.5.1. Sociodemographic and clinical data

The demographic (age and sex) and clinical data [including
Acute Physiology and Chronic Health Evaluation (APACHE IV),
Glasgow Coma Scale, ICU length of stay, admission status and
sources, parent specialties, diagnosis, comorbidities, and risk fac-
tors for ICU readmission] were collected.

2.5.2. Primary and secondary outcomes

The primary outcome was the ICU readmission within 72 h. The
secondary outcomes included all ICU readmission (all ICU read-
mission irrespective of the time frame after ICU discharge), hospital
mortality, and 90-day mortality rate. Data of interest were
reviewed and retrieved from Clinical Data and Report System
(CDARS), Clinical Management System (CMS), and Clinical Infor-
mation System (CIS) in the studied hospital. The number and time
spent for follow-up visits were also recorded.

2.6. Ethical consideration

This study was conducted in accordance with the ethical prin-
ciples in the Declaration of Helsinki (2017).22 Ethics approvals were
obtained. Informed consent was obtained from the participants or
their next-of-kin for those with cognitive impairment before
commencement of the intervention.

2.7. Statistical analysis

All analyses were performed using the IBM SSPS for Windows,
version 24 (Armonk NY: IBM Corp). Descriptive statistics including
mean SD, percentage, and median were used as appropriate to
summarize the demographic, clinical, and the outcome data. For
group comparison, Student t-test or Mann-Whitney U test was used
according to the distribution of the data. Pearson Chi-square tests
or Fisher's exact test was used for categorical variables as appro-
priate. Binary logistic regression analysis with backward approach

was used to explore the independent predictors for ICU read-
mission within 72 h after the adjustment of confounding factors
which were identified as those baseline variables with significant
difference between the study groups. Intention-to-treat principal
was followed during data analysis. A p value of 0.05 (two-tailed)
was considered statistically significant.

3. Results

A total of 1743 ICU admissions were identified from October
2015 to October 2016, of which 185 were eligible and recruited into
the intervention group. During the course of study, two participants
were lost due to death and transferring to another hospital,
resulting in 183 participants remaining at the end of the study. Out
of the 1646 ICU admissions recorded in the CDARS and CIS for the
period of September 2014 to September 2015, 184 cases were
eligible and included in the historical control group. All the 185
patients in intervention group and the 184 patients in the control
group were included in final data analysis. The contextual factors
including the hospital and the ICU environment of the study site
remained relatively stable. Staff mix in the involved wards
remained constant throughout the whole study period.

3.1. Demographic and clinical characteristics of patients

A total of 369 patients were included (the intervention group:
185 the control group: 184). The details of demographic and clinical
characteristics of these patients and the comparisons on these
characteristics between study groups are presented in Table 1. The
mean age of all participants was 66.5 (+16.0) years old, with 66.1% of
male. The mean ICU stay was 11.8 (+12.68) days. Most of the par-
ticipants (93.8%) were admitted to ICU in an emergency condition
either directly from accident & emergency department (A&ED),
general wards, or after emergency surgery. More than 50% of the
patients were admitted to the ICU from the general wards, 25.5%
from the operating theatre, and 13.6% from the A&ED. Among all the
recruited patients, about 40% were admitted to the ICU with a
diagnosis of sepsis, 17.6% with neurosurgical/neurological diseases
(e.g., subarachnoid haemorrage due to cerebral artery aneuyrsum,
intracerebral haemorrage, traumatic brain injury, or meningitis),
and 16.3% with respiratory diseases (e.g., pneumonia, exacerbation
of chronic obstructive pulmonary diseases, or respiratory failure).
For the participants (11.9%) with cardiovascular problems, they
were mostly related to heart failure or acute myocardiac infarction.
The remaining disease diagnosis in this sample included gastroin-
testinal problems (e.g., biliary tract infection, acute pancreatitis, or
gastrointestinal surgery), spinal cord injury, and head and neck
surgery. In terms of comorbidities, 18.7% of participants were co-
morbid with one or two illnesses. In addition, 63.2% of participants
had two or three risk factors for ICU readmission, with respiratory
rate >26/min being the most frequently reported risk factor (61.2%),
followed by poor coughing effort/moderate amount of sputum
(42.8%) and noninvasive mechanical ventilation (35%).

When comparing the 2 study groups, the intervention group
demonstrated a younger age (p = 0.014), a better health condition
as indicated by the lower APACHE IV score (p = 0.014), a higher
median value of GCS (p = 0.027), and fewer comorbidities
(p = 0.005) than the control group. There were more patients
receiving a tracheostomy done for poor coughing effort and risk of
sputum retention in the intervention group.

3.2. Services provided through the ICU follow-up program

A total of 531 follow-up visits were provided, among which
nurse team members contributed nearly 68% of the total visits. The
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Table 1
Demographic and clinical health characteristics of patients in the intervention and control groups.
Demographic and clinical health characteristics All patients Intervention group Control group Statistical test p value
(n = 369) (n = 185) (n=184)
Male (%) 244 (66.1) 119 (64.3) 125 (67.9) x? = 0537 0.464
Female (%) 125 (33.9) 66 (35.7) 59 (32.1)
Age, mean (+SD) 66.5 + 16.0 644 + 155 68.5 + 16.3 t=-2472 0.014
APACHE 1V score, mean (+SD) 82.8 (31.00) 78.85 (31.75) 86.76 (29.73) t = —2.467 0.014
APACHE 1V risk of death, mean (+SD) 0.3602 + 0.2636 0.3344 + 0.2595 0.3860 + 0.2658 t=-1.887 0.06
ICU LOS (days), mean (+SD) 11.8 (12.68) 11.72 (10.05) 10.44 (14.86) t=0.974 0.331
GCS, median (IQR) 12 (6—15) 14 (7-15) 11 (6—15) # 0.027
Admission type (%)
Nonoperation 275 (74.5) 135 (73) 140 (76.1) ¥? = 0471 0.492
After operation 94 (25.5) 50 (27) 44 (23.9)
Admission status (%)
Emergency 346 (93.8) 172 (93) 177 (96.2) ¥2 = 1.869 0.172
Elective 20 (6.2) 13 (7) 7 (3.8)
Admission sources (%)
Accident & emergency 50 (13.6) 30 (16.2) 20(10.9) y? =5.174 0.27
General ward 213 (57.7) 100 (54.1) 113 (61.4)
Operating theatre 94 (25.5) 50 (27) 44 (23.9)
Others 12 (3.2) 5(2.7) 7 (3.8)
Parent specialties
Medical wards 236 (64) 119 (64.3) 117 (63.6) ¥2 = 0.022 0.883
Nonmedical wards
Neurosurgical 61 (16.5) 35(18.9) 26 (14.1)
Surgical 43 (11.7) 12 (6.5) 31(16.8)
Ear, nose, and throat 20 (5.4) 15(8.1) 5(2.7)
Orthopaedic 3(0.8) 2(1.1) 1(0.5)
Gynaecology 2(0.5) 1(0.5) 1(0.5)
Oncology 4(1.1) 1(0.5) 3(1.6)
Disease category (%)
Sepsis 147 (39.8) 79 (42. 7) 68 (37) ¥ =18.168 0.003
Neurosurgical/Neurological 65 (17.6) 37 (20 28 (15.2)
Respiratory 0(16.3) 36 (19. 5) 24 (13)
Cardiovascular 4 (11.9) 11 (5.9) 33(17.9)
Gastrointestinal 24 (6.5) 8 (4.3) 16 (8.7)
Others 9 (7.9) 14 (7.6) 15(8.2)
Number of comorbidities
0 300 (81.3) 159 (85.9) 141 (76.6) ¥ =10.744 0.005
1 63 (17.1) 21 (11.4) 42 (22.8)
2 6(1.6) 5(2.7) 1(0.6)
Number of risk factors
1 136 (36.8) 62 (33.5) 74 (40.2) 12 = 4.671 0.097
2 205 (55.6) 104 (56.2) 101 (54.9)
3 28 (7.6) 19 (10.3) 9 (4.9)
Risk factors
RR > 26/min 226 (61.2) 88 (47.6) 138 (75) 2=29.248 <0.001
NIV 129 (35) 49 (26.5) 80 (43.5) w2 =11714 0.001
Tracheostomy 117 (31.7) 76 (41.1) 41 (22.3) ¥% = 15.055 <0.001
Poor coughing effort/moderate amount of sputum 158 (42.8) 114 (61.6) 44 (23.9) v? =53.574 <0.001

Note: # = Mann—Whitney U test; SD = standard deviation; IQR =

interquartile range (25%, 75%); ICU LOS = intensive care unit length of stay; APACHE IV score = Acute

Physiological and Chronic Health Evaluation IV score; GCS = Glasgow Coma Scale; RR = respiratory rate; NIV = noninvasive mechanical ventilation.

majority (98.9%) of participants received the first follow-up visit,
and more than 95% received the second and third ICU follow-up
visits. The reasons for not receiving ICU follow-up visits included
early ICU readmission, transfer out to other hospital, discharge to
home, or death. Three participants received four follow-up visits
due to their deteriorating condition; one participant received seven
visits as the need of support for the participant and ward nurses on
care management of tracheostomy tube. The average time spent for
each of the first three visits was 10.03 (+5.54), 9.06 (+5.03), and
8.25 (+5.0) minutes, respectively. The total time spent on all visits
was about 81 h. During the follow-up, problems identified were
mostly respiratory-related care such as tracheostomy care, inade-
quate attention to risk of sputum retention, and the inaccuracy of
respiratory rate taking and recording. Therefore, respiratory-
related care such as use of tracheal suctioning to clear copious
sputum, guidance on choosing appropriate device for respiratory
humidification to prevent tracheostomy tube blockage, and re-
ferrals to chest physiotherapy were the most frequently suggested

actions by the ICU outreach team. Furthermore, bedside coaching
and feedback to ward nurses about nursing skill and knowledge of
care related to tracheostomy tubes, respiratory rate monitoring,
record and report, and the emergency management related to
tracheostomy care were also provided.

3.3. ICU readmission and hospital mortality

The primary and secondary outcomes of the study are shown
in Table 2. During the study period, three patients requiring ICU
readmission within 72 h were reported in the intervention
group, whereas 17 patients in the control group required early
ICU readmission, and such difference was significant (1.6% vs.
9.2%, p = 0.001). In addition, the intervention group also
demonstrated a lower rate of all ICU readmission rate (9.7% vs
239%, p < 0.001) and hospital mortality (17.8% vs. 26.6%,
p = 0.042) than the control group. Although the control group
reported a higher 90-day mortality rate (22.8%), the difference in
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Table 2
Comparison of the outcome variables between two groups.
Outcome variables All patients Intervention group Control group Statistical test p
(n = 369) (n = 185) (n =184)
Primary outcome (%)
ICU readmission within 72 h 20 (5.4) 3(1.6) 17 (9.2) d 0.001
Secondary outcomes (%)
All ICU readmission 62 (16.8) 18 (9.7) 44 (23.9) v? =13.275 <0.001
Hospital mortality 82 (22.2) 33(17.8) 49 (26.6) ¥? =4.126 0.042
90-day mortality 71 (19.2) 29 (15.7) 42 (22.8) ¥ =3.035 0.081

ICU = intensive care unit; 32 = chi-square tests.
¢ Fisher's exact test.

90-day mortality rate between study groups was not significant
(15.7% vs. 22.8%, p = 0.081).

To further evaluate the intervention effect, multivariate anal-
ysis was performed for ICU readmission within 72 h after ICU
discharge and hospital mortality as they were supposed to be
greatly influenced by the service and may better reflect the service
effect. Binary logistic regression analysis was performed with
adjusting potential confounding factors that were identified as
baseline factors with significant difference between the study
groups. These confounders included age, APACHE IV score, GCS,
disease category, number of comorbidities, and all risk factors. The
results of logistic regression analysis showed that after adjusting
for potential confounders, receiving intervention (OR = 0.158, 95%
confidence interval [CI]: 0.041, 0.602, p = 0.007), being transferred
out to medial wards (OR = 0.265, 95% CI: 0.095, 0.741, p = 0.011),
and having tracheostomy (OR = 0.198, 95% CI: 0.042, 0.927,
p = 0.04) could predict a reduced risk of ICU readmission within
72 h (Table 3). Regarding the predictors of hospital mortality,
receiving intervention was associated with a decrease in hospital
mortality, but such a decrease was not significant (OR = 0.622, 95%
Cl: 0.362, 1.069, p = 0.086). Age, being male, APACHE 1V risk of
death, and having a tracheostomy were all identified as being
associated with an increased hospital mortality (all p < 0.05)
(Table 3).

3.4. Cost evaluation

The cost evaluation of the follow-up program was carried out
based on the reduction of ICU readmission within 72 h after ICU
discharge and the product of the ICU experts' hourly salary. As a
reduction of 14 ICU readmissions within 72 h after ICU discharge
observed in the intervention group, a total of 63 ICU days were then
saved considering an estimated average ICU length of stay of 4.5
days for each readmission. This converts to a saving of around HK$
1,216,530 when the cost of an ICU bed is HK$ 24,410 per day (US$
3,129) and the cost of a general hospital bed is estimated to be HK$
5,100.> The manpower cost of delivering 81 h of follow-up visits
was estimated to be HK$ 80,738. Thus, the estimated net saving was
HK$ 1,135,792 (US$ 145,614). Furthermore, the costly ICU beds
would be saved to those in needed, thus optimising all patients'
access to ICU services.

4. Discussion

This study aimed to evaluate the effect of an ICU follow-up
program on ICU readmission, hospital mortality rate, and 90-day
mortality rate in patients with respiratory problems discharged
from the ICU. The results indicated a beneficial effect of this pro-
gram on reducing ICU readmission and hospital mortality rate after
ICU discharge. Moreover, the ICU follow-up program could predict a
reduced risk of ICU readmission within 72 h after controlling for

Table 3
Predictors for ICU readmission within 72 h and hospital mortality.

Factors B Adjusted OR  95% CI p value

Predictors for ICU readmission within 72 h

Intervention -1.847 0.158 0.041-0.602 0.007
Medical wards -1.327 0.265 0.095—0.741 0.011
Tracheostomy —-1.622 0.198 0.042—-0.927 0.04
Predictors for hospital mortality

Age 0.026 1.026 1.006—1.047 0.010
Sex (male) 0.719 2.052 1.134-3.713 0.017
APACHE IV risk of death  1.611 5.009 1.828—13.723  0.002
Tracheostomy 0.929 2.531 1.395-4.592 0.005
Intervention -0474 0.622 0.362—-1.069 0.086

APACHE 1V score = Acute Physiological and Chronic Health Evaluation IV score; Cl =
confidence interval; ICU = intensive care unit; OR = odds ratio.

confounding factors. In addition, this study also demonstrated that
ICU follow-up program was a cost-effective strategy to avert ICU
readmission.

Averting readmission to ICU and preventing death after ICU
discharge are the main objectives for ICU outreach services.” The
present study found a significant reduction in ICU readmission
and hospital mortality after implementing an ICU follow-up
service. However, conflicting results were reported in the litera-
ture. For example, a significant reduction in hospital mortality
and ICU readmission was reported in an English study after pa-
tients received CCO visits,”? whereas no significant findings were
found in either an Australian study® or a more recent Canadian
study.>® In addition, a recent systematic review and meta-
analysis supported the beneficial effects of outreach service on
reducing ICU readmission (risk ratio: 0.87, 95% CI: 0.76, 0.99,
p = 0.03) but not hospital mortality (risk ratio: 0.84, 95% CI: 0.66,
1.05, p = 0.10).2*

Several factors may need to be considered when interpreting
these heterogeneous findings, including patient characteristics,
nature of the service provided, and healthcare contexts. In terms of
the target population, the present study focused on the patients
with respiratory problems who were at a great risk of ICU read-
mission rather than all the patients after ICU discharge as in the
Australian® and Canadian studies.>® A focus on the high-risk pop-
ulation may maximise the benefits of an outreach service, whereas
the large variation in risk factors of patients after ICU discharge may
make it difficult to provide consistent service and to estimate ser-
vice effects,®' leading to the significant findings in the present
study but the nonsignificant findings in the Australian® and Cana-
dian studies*® Second, the nature of services provided was
different. Large variations in CCO services have been reported.?>>?
For example, the track and trigger system that allows the early
detection of deterioration was applied in the present study but not
mentioned in the CCO services in the Canadian study.>® The lack of
such a system may result in the inadequate or late response to
deteriorating patients and thus no significant reported reduction in
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ICU readmission rate and mortality in the Canadian study.*° Third,
the studies reflect the very different healthcare contexts. For
example, the lower ICU readmission rate at the baseline in the
Australian study® than that in the present study (5.6% vs. 9.2%) may
explain the different results between two studies. In addition,
variations in characteristics of ICUs and the responsibilities un-
dertaken by nurses or medical staff between different healthcare
institutions might lead to variations in the reported benefits of
outreach services.>!

Because there is no prescribed ideal model for CCO services,'®
hospitals are recommended to develop their own CCO services
to meet the local needs to maximise the beneficial effects of the
services.”?* In the present study, the predefined population,
localised track and trigger system, and close collaboration within
the outreach team (nurses and ICU doctors) and between the
outreach team and nurses in general wards may lead to the large
proportion of patients receiving follow-up visits, which then
contributed to the betterment of patients such as decreased ICU
readmission and hospital mortality. Furthermore, the success of
this CCO service may also indicate that ICU nurses are competent
in planning and leading the implementation of a multidisciplinary
program. Overall, this study revealed that the nurse-led ICU
follow-up service could be cost-effective when trying to prevent
ICU readmission, providing solid evidence for hospital policy-
makers to support and invest such outreach service. However, as
the provision of follow-up visits to patients after ICU discharge
requires ICU nurses and doctors to spare time from their routines
to fulfil the task, this may potentially increase their workload and
needs to be considered when generalising the findings of the
present study.

4.1. Limitations

Despite the promising findings of the present study, some lim-
itations still exist and should be acknowledged. First, the small
sample size, only 369 patients were included in this study. The
small sample size may result in bias in estimating the intervention
effects. Thus, the effect of the ICU follow-up program should be
confirmed in a large population. Second, a nonrandomised
controlled trial design may limit the power of detecting the true
intervention effects as a randomised controlled study does.
Furthermore, the less severe illness in the intervention group than
in the control group at baseline may have impacted the low rate of
ICU readmissions in the intervention group, although it was
controlled as a confounder in statistical analysis. Therefore, studies
with randomised controlled trial design are needed to further
confirm the findings. Finally, there may have been a Hawthorne
effect due to the CCO service being a new service at the study site to
all staff involved and may have inspired the energetic delivery of
the intervention and result in the overestimated intervention
effects.

5. Conclusions

Nursing outreach service has extended critical care services
beyond the confines of ICU to general wards to avert ICU read-
mission. It has also highlighted the competent role of ICU nurses in
planning and leading the implementation of a multidisciplinary
program. The results of this study showed that our nurse-led
multidisciplinary ICU follow-up program could reduce ICU read-
mission and hospital mortality in patients with respiratory prob-
lems after ICU discharge in a cost-effective way. This study was
first conducted in Hong Kong, and the results contributed to the
database of an innovative follow-up program to inform the practice
worldwide.
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